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Abstract

Recent supply-chain models that study competition among capacity-constrained producers
omit the possibility of producers strategically setting wholesale prices to create uncertainty
with regards to (that is, to obfuscate) their production capacities. To shed some light on this
possibility, we study strategic obfuscation in a supply-chain model comprised of two competing
producers and a retailer, where one of the producers faces a privately-known capacity constraint.
We show that capacity obfuscation can strictly increase the obfuscating producer’s profit, there-
fore presenting a clear incentive for such practices. Moreover, we identify conditions under which
both producers’ profits increase. In effect, obfuscation enables producers to tacitly collude and
charge higher wholesale prices by moderating competition between producers. The retailer, in
contrast, suffers a loss in profit, raises retail prices, while overall channel profits decrease. We
show that the extent of capacity obfuscation is limited by its cost and by a strategic retailer’s
incentive to facilitate a deterrence.
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1 Introduction

The Sherman Act, enacted in 1890, condemns any explicit agreements among competitors to fix
prices, rig bids, allocate customers, or engage in anticompetitive behavior as unlawful. Law scholars
interpret such agreements as “a negotiation that concludes when the firms convey mutual assurances
that the understanding they reached will be carried out” [3]. In practice, tacit collusive behavior,
which skirts legal restrictions, can arise in many forms — from price leadership, where a dominant
firm sets general industry prices with other firms following suit, to firms engaging in unilateral
communications to the market about future conduct (e.g., via press releases or other media forms),
enabling other market actors to align their strategies.

Consider California and Washington states, for example, where oil refineries sell gasoline to
gas-station operators who subsequently sell it to end consumers. Watchdog organizations and
lawmakers have recently accused oil refineries of employing anti-competitive practices by artificially
raising wholesale prices and creating a perception of supply shortages, when in fact refineries
possessed additional production capacities. Providing validation to such claims are studies on
refinery emissions data that show that the price spikes observed in May and October 2012, for
instance, happened when gasoline inventories actually increased [23]. The report concludes that it
is very possible — if not probable — that the sudden and jarring jump in the price of gasoline in
California was the result of collusive behavior by the refineries.

In this paper, we seek to understand the impact that strategic shortages (or the appearance
of shortages) may have on competitors’ actions in a supply chain. We propose a model where a
producer may strategically choose to price less aggressively in order to alter perceptions about his



privately known capacity; that is, take actions to obfuscate his true capacity. The question we
ask is the following: What are the net effects of capacity obfuscation on the producer’s profits,
competitors’ profits, channel profits, and consumer surplus? In our model, a retailer sells two
competing, though possibly differentiated product brands, brand ¢ and brand j. Through the
choice of a wholesale price, the producer of brand j may affect his competitor’s (producer i’s)
beliefs about his capacity, and by doing so, producer j may induce his competitor to pursue a less
aggressive pricing strategy.

The incentive to obfuscate capacity emerges in many settings. In cargo shipping, freight for-
warding companies (retailers), which rent containers to end consumers, contract with shipping
companies (producers) to transport containers to their destinations. While the maximum capacity
of each shipping fleet is known, actual operating capacity is private information. Shipping com-
panies are able to obfuscate their capacities by strategically slowing ship speeds, and this allows
them to quote higher prices. Collectively, this practice allows shipping companies to negotiate

1 Strategic capacity withholding (leading to

better contracting terms with forwarding companies.
collusive pricing by firms) has also been documented in the electricity market literature [19, 28].2
In the electricity market, energy generators (representing producers) engage in auctions operated
by independent system operators (retailers), who then sell power to local utility companies (repre-
senting end consumers). Borenstein et al. [5] find significant departures from competitive pricing in
California using data from June 1998 to October 2000, and identify that 20% of markups were due
to producers capturing some competitive rents. Wolak and Patrick [35] describe similar practices
in the U.K. electricity market, where higher-cost combined-cycle gas turbine generators owned by
new entrants provided base-load power that could have been supplied more cheaply by coal-fired
plants that withheld output capacity (and were owned by two of the largest producers). In broader
terms, Tellidou and Bakirtzis [33] use agent-based simulations to show the likely emergence of tacit
collusion in such markets.

Many models of producer competition often operate under the assumption of commonly known
capacities — an assumption that is difficult to motivate given the connection among capacities,
wholesale prices, and overall market allocations. In particular, just as retailers may have an in-
centive to manipulate their orders from capacity-constrained producers [6, 15, 20], producers may
have an incentive to obfuscate their output capacity in order to obtain more favorable terms from
retailers.

The subject of private producer information and its impact on competition in supply chains
has recently been considered in various papers. Some researchers have studied a situation in which
producers, who have private capacity information, offer menus of quantity-price contracts to a
profit-maximizing retailer [16, 24]. Others, including Albeniz and Talluri [22], consider a dynamic
model of price competition between producers with limited capacity that must be sold before a
deadline; they argue that “firms’ best-response functions, however, are based on full information
of the purchases [by customers] and capacities [of producers|. Although the concept of equilibrium
itself is independent of such observabilities, it calls into question whether the two firms reacting
to each other’s strategy will ever be able to reach such equilibrium.” They then go on to argue
that the information, with known valuations, is coded in the price paths. We add to this literature
by studying instances where producers strategically choose wholesale prices — knowing they alter

'yww. theglobeandmail . com/report-on-business/economy/the-global-shipping-news/articlel1744355
2Papers in this literature are primarily set in the context of repeated interactions, e.g., repeated auctions.



perceptions about their privately known capacities — in order to attain higher profits.

While the literature has also studied the impact strategic?® shortages may have on consumer
behavior [31, 32], it has failed to properly address the impact strategic shortages (or the appearance
of shortages) may have on competing producers. With this paper, we seek to fill in this gap in
the literature. Ye et al. [40] independently study the effects of obfuscation in a framework where
producers compete in quantity rather than in price. They show that high-capacity firms may signal
their capacity through overproduction as a means to decrease the intensity of future competition.
Our paper complements theirs by studying the analogous framework where producers compete in
price. In contrast to their findings, we show that producers may choose to underproduce in order to
obfuscate their capacities and appear weaker to competitors, dampening the competitive landscape
and raising wholesale prices.

Our base model consists of two stages. In the first stage, producer j privately learns his capacity,
and subsequently chooses his level of production. Producer ¢ does not observe producer j’s capacity
directly, but its prior distribution is common knowledge. In each of the two stages, each of the
producers simultaneously offers a wholesale price to the retailer, which in turn sets retail prices.
Retail prices set in the first stage are common knowledge in the second stage. Hence, producer i is
able to infer j’s production level in the first stage, and may be able to glean information about j’s
underlying capacity constraint.

In the second stage, obfuscation may have already taken place: with some probability (possi-
bly 0), producer i believes j’s capacity to be different from j’s true capacity. We find the Nash
equilibrium of this stage, and examine the impact that capacity obfuscation can have on equilibrium
prices and profits in both stages. Folding the game back to its first stage, we show that obfuscation
can allow producers to tacitly collude and charge higher wholesale prices, thus moderating compe-
tition among producers.* The intuition for this result is the following: if producer i perceives j’s
capacity to be lower, he will price less aggressively (i.e., set a higher wholesale price), which in turn
allows producer j to price less aggressively. We find that in equilibrium, both producers’ profits
increase, retail and wholesale prices increase, but the retailer’s profit decreases.

The first stage of the game also allows us to determine the cost of obfuscation and characterize
when a producer would choose to pursue such a strategy. In order to obfuscate, producer j must
strategically cut his first-stage production, which may reduce his short-term profits, but results in
profit gains in the second stage. We show that obfuscation is limited by its cost and by a strategic
retailer’s incentive to verify or reveal capacities (in effect, attempt to call a producer’s “bluff”),
where overall channel profits and consumer surplus may increase if the retailer can credibly counter
the producers’ incentives to obfuscate.

1.1 Related Literature

Our work falls into the broad area of joint production and pricing problems. For some recent
reviews, see [7, 13, 37, 38, 39]. Porteus et al. [27] study a model with heterogeneous consumers

3There also exist uncertainties in the production process that are beyond producers’ ability to control, which are
widely studied in the literature; [8], for instance, studies the impact of such uncertainties in the market for influenza
vaccines; [34] studies a retailer’s optimal sourcing and inventory decisions when producers are exogenously unreliable.
Our focus in this paper is on production uncertainties that arise intentionally.

“This result is reminiscent (but distinct) of [36], who show that a producer and a retailer (a power plant and a
distributor in their framework) can both benefit from the producer misreporting capacity shortages (power outages
at the plant). In the case of our model, in contrast, a producer benefits and the retailer loses from a competing
producer misreporting his capacity.



and two capacitated firms producing differentiated products. The firms engage in sequential price
competition. They give conditions under which the first mover can take advantage of its limited
capacity by pricing relatively low, purposefully creating shortages to avoid direct competition with
the follower. They show that such practices can lead to diminished competition among producers,
which bears a similar flavor to one of our results (although ours is obtained in a simultaneous
price-setting game with incomplete information®). In contrast to their findings, we show that as a
result of obfuscation, both producers end up setting higher wholesale prices.

Ozer et al. [26] study the problem of a producer soliciting private forecast information from a
manufacturer, where the manufacturer has an incentive to exaggerate its demand forecast. They
demonstrate that while theory predicts a “babbling” or cheap-talk equilibrium [11], where the
manufacturer’s report is uninformative and is subsequently ignored by the producer, human-subject
experiments can result in contradictory findings. In particular, the outcome is not cheap-talk — the
manufacturer’s report contains truthful information, the producer exhibits trust, and the efficiency
of the supply chain is significantly higher than predicted. Their study motivates our model in
the sense that although there is an inherent cheap-talk problem when producers share information
about their capacities, such communication is not entirely “babbling,” leaving room for obfuscation
to occur. Moreover, we show that there are cases where even an obfuscated producer benefits from
the pervasiveness of obfuscation, thus creating a pathway for sustainable collusion without trust.
In contrast to [26], however, we find that the overall efficiency of the supply chain is reduced due
to diminished competition.

Our framework is also different from direct communication and associated cheap-talk issues
recently explored in [1] and [9]. This is because our model consists of indirect communication
(or rather, signaling) as the result of strategically downsizing output. The “primary” action of
a producer in our framework is to set a wholesale price, and this action has a spillover signaling
effect, which the producer can use strategically. In the aforementioned works, an agent’s actions can
consist of directly communicating relevant parameters, such as demand or inventory forecasts, which
leads to considerably different strategic considerations — whether the communication contains
actionable information or not, for instance. At the same time, our results are complementary to
these works. We show that strategically cutting output can increase the amount of informational
noise in a supply chain, but a costly counter-action by a strategic retailer can induce a producer
to behave truthfully, reducing noise. Complementary to [9], we also show that tacit collusion
can in fact reduce supply-chain efficiency. We further show that collusive and truthful behaviors
can be sustained as part of an equilibrium, without incorporating behavioral components such as
trust. Along with differences in terms of the vehicle of information transmission, our model also
examines a different competitive landscape. In contrast to our work, [9] consider the role of informal
communication about demand forecast information between a retailer and his manufacturer, and [1]
study the problem of information transmission in a retail operations setting, focusing on strategic
communication between a retailer and its customers about inventory availability. Our model, on
the other hand, focuses on the impact of capacity obfuscation on channel competition in a channel
structure with two competing producers and one intermediary that retails both producers’ products.

Our model thus nests in the signaling framework described in [30] (see [29] for a survey). Closest
to our work, Cachon and Lariviere [6] also explore the use of a producer’s wholesale price (and

5A simultaneous price-setting game is the appropriate informational framework in our context, as producers are
not informed of each other’s wholesale prices when they set their own.



corresponding output sold) as a signaling device. In a similar fashion, information in our model
is communicated noisily in equilibrium because the high-type producer is able to set a wholesale
price and sell output levels that correspond to a low-type producer. Cachon and Lariviere consider
a supply chain in which a single producer sells to several downstream retailers. The producer has
limited capacity, and retailers are privately informed of their optimal stocking levels. They show
that a broad class of mechanisms with constant wholesale prices are prone to manipulation: retailers
will order more than they need to gain a more favorable allocation. Furthermore, a manipulable
mechanism may lead the producer to choose a higher level of capacity than she would under a
truth-inducing mechanism, though switching to a truth-inducing mechanism can lower profits for
the producer, the supply chain, and retailers. In contrast to [6], we relax the assumption on constant
wholesale prices and study competition among producers rather than among retailers. We find that
due to such competition, a manipulating producer will actually choose to understate his capacity in
order to mitigate an aggressive pricing strategy by a competitor. Hence, we find that competition
among producers mitigates the retailer manipulation effect characterized in [6], and so our work is
complementary to theirs. Also, in line with their work, we find that producers may actually benefit
from obfuscation.

Gumis et al. [16] present a related model where a producer may face capacity uncertainty,
which impacts other market actors’ beliefs about his capacity. They show that the producer can
alleviate some of the market uncertainty by signaling the extent of his capacity volatility through
guaranteed-output contracts. In contrast, a high-capacity producer in our framework works to
facilitate market uncertainty by appearing to have a tighter capacity constraint. Relatedly, [25] and
[18] examine how a manufacturer signals an imperfect forecast of demand by the contract offered to
a producer and by the timing and level of capacity investments. Other related works study models
where signals are conveyed through production decisions, with actors similarly possessing private
information about demand forecasts [10, 12, 21]. Although a producer in our model possesses
private information about his own production capacity rather than joint demand parameters (and
there is no demand uncertainty), the producer’s individual capacity interacts with market pricing,
and thus ends up affecting other market actors. Moreover, a producer in our framework may seek
to increase rather than alleviate market uncertainty. In line with this observation, Anand and
Goyal [2] study a model of horizontal competition between an informed and uninformed firm with
a common upstream producer. They show that an informed firm’s incentive to control information
leakage in the supply chain can alter its behavior, underscoring the importance of taking into

account such strategic concerns.%

The remainder of the paper is organized as follows. Section 2 introduces the model. Section 3
characterizes the equilibrium of the second stage of the game, whereas Section 4 folds the game
back to its initial stage to show when a producer would choose to obfuscate his capacity. Section
5 extends the model to consider a strategic retailer who may choose to deter capacity obfuscation.
Concluding remarks are presented in Section 6.

50n the consumer side, [31] show that strategic shortages can be used by producers as a quality signaling device.
In particular, they show that high quality producers may strategically create scarcity for their products in order to
signal consumers about their product quality; [32] relatedly shows that producers may choose to cut capacity in the
presence of speculators. These works are complementary to ours. They show that producers have incentives to cut
capacity when doing so impacts consumer behavior. Our model, on the other hand, studies a producer’s incentive to
cut capacity when doing so impacts a competing producer’s behavior.



2 Model

The model consists of a retailer that is selling two competing product brands, ¢ and j, each provided
by a different producer, also identified by ¢ and j, respectively. There are two stages, where in each
stage competition among producers is modeled as a simultaneous price-setting game. To emphasize
the relative capacity limitation of producer j, we assume that his competitor, producer ¢, is capacity
unconstrained, whereas producer j may be capacity constrained.”

At the beginning of the first stage, producer j privately learns his capacity, which can be either
low (denoted by KF), or high (denoted by K'). For technical simplicity, we assume that the two
stages occur within close time proximity, whereby capacity constraints are constant across the two
stages.® Producer i’s prior beliefs about j’s capacity are as follows: producer i believes j’s capacity
to be K JL (K ]H ) with probability 6 (1 — @). All of the elements of the game except producer j’s
capacity are assumed common knowledge. Both producers discount the future according to a
common discount factor ¢ € [0, 1]. The solution concept we employ is Perfect Bayesian Equilibrium.

In each of the two stages, each of the producers simultaneously offers a wholesale price wy,
where g € {i,7} and t € {1,2}, to the retailer, which in turn controls market demand by setting
prices for each stage, given by (D; ¢, pi¢) and (D;4,pj+). Retail prices set in the first stage become
common knowledge in the second. This is easily motivated, as any party should be able to observe
the prices set by the retailer. Thus, at the end of the first stage, given p; 1, producer ¢ can infer
Dj1 from the retailer’s problem.? If producer j’s sales quantity in the first stage, Dj 1, exceeds
KjL, producer ¢ knows for certain that j’s capacity is KJH If, on the other hand, D;; < KJL,
producer ¢ does not immediately learn j’s capacity. This is because producer j may strategically
choose to underproduce in order to conceal having a high capacity. Let the function 6(D; 1) denote
producer i’s posterior belief regarding producer j having a low capacity in the second stage, given
sales quantity Dj; . (For notational simplicity, we henceforth refer to 62(Dj 1) as 65.)

Let Hfl(K ,0) and Hﬁl(K ,0) denote producer j’s profits in the first stage when he produces K
units and his capacity is K JH (High) and K ]L (Low), respectively, and producer ¢’s prior belief is 6.
Similarly, we denote producer j’s profits in the second stage, given producer i’s posterior belief 05,
as I/, (K, 03) and 11k, (K, 62).

We assume that the retailer seeks to maximize category profits. The decision variables for each
producer are the wholesale prices to be offered to the retailer, w; ; and w;j, for producers i and j,
respectively, while the retailer sets corresponding retail prices p;; and p;; for their products.

We assume market demands (corresponding to sales quantities) for the two products have the form:

Dit (pit,pjt) = @ — pit +YPj¢ and Dj¢ (pitspjt) = @ — Djt +VDiy

where a > 0 and 7 < 1 are parameters of the demand function representing market size and
the degree of product substitutability between the two products, respectively. Linear demand
functions of the form described above are commonly used in the literature. Although it is possible
to incorporate nonlinear demand functions, there are no major qualitative benefits to doing so,

"Studying the case where producer i is unconstrained allows us to keep the model relatively simple by eliminating
some corner solutions, as well as shed light on the dynamics resulting from a single obfuscating party. The case where
both producers obfuscate lends similar qualitative results.

8The results go through provided there is sufficient correlation between capacities across stages.

9A strategic retailer is considered in Section 5, where we show that in the absence of commitment power by the
retailer, our findings are robust to this extension.



and with the inclusion of capacity constraints, the problem is already quite complex. We do not
require specific relationships between the variable costs of the two products or between w;; and
wj¢. Similarly, we make no assumptions regarding the relationship between p;; and p;;.

We first consider the retailer’s decisions given the wholesale prices offered by producers i and j.
In each stage t € {1,2}, the retailer’s problem is to select prices p;; and p;; to maximize his total
profits from the sale of both products:

max Ip = (pis —wig) o —pie + 105l + (Pie — wie) [ = pje +pie] (1)
At this point, we assume that the retailer myopically sets prices in each stage; Section 5 extends
the model to incorporate the possibility of a strategic retailer. Retail prices are constrained to be
larger than the wholesale prices submitted by the two producers (w;; and w;;) in order for the
retailer to make a positive profit, but will not be so high as to make the sales quantities non-positive.
Hence, we omit the ‘positive part’ in the expression representing demands/sales quantities in the
exposition of the analysis. We also note that in contrast to [6], producer j sets a wholesale price
to ensure that the retailer’s ordered quantity does not exceed his capacity.
The objective in (1) is jointly concave in p;; and p;; (proof is standard and omitted), giving
the profit-maximizing retail prices:

+0.5w;; and pj, = + 0.5w; te{1,2} (2)

. o e
p. s — -
Y 2(1—y) 2(1—7)

3 Competition in the Second Stage

In this section, we characterize the equilibrium strategies in the second stage of the game. Let us
assume that producer j has undertaken some action that, from the perspective of his competitor,
makes it unclear whether his true production capacity is K jL or K jH . In particular, consider the
case where producer j produced K JL in the first stage. From the perspective of his competitor, it
is not clear whether j’s capacity is in fact K ]L or whether production in the first stage was kept
low in order to obfuscate j’s true capacity K ]H . As a consequence, producer i forms beliefs over j’s
capacity. Recall that producer i’s posterior beliefs about j’s capacity are denoted by 65:'% that is,
producer ¢ believes that j’s capacity is K jL with probability 02 and K ]H with probability 1 — 6s.

3.1 Producer i’s Problem

Let ijQ and wa denote second-stage wholesale prices that correspond to a low-capacity and high-
capacity producer j, respectively. Given producer i’s beliefs about j’s capacity, as specified by 65,
producer i’s objective is to choose w; 2 to maximize his expected profit:

max II(w;2,02) = 62 {(w@g —¢) [a — (2(1(1_7) + 0.5wi72> + (2(1(1_w + 0.5w£2)] } (3)

17 +(1—62) {(wi,z - ¢i) {a - <2(1a—7) i 0'5wi’2> o (2(10[—7) ' 0'5w52>] }

subject to: Wi > ¢ (4)

Prior beliefs (at the beginning of the first stage) are specified by 0, whereas 2 denotes posterior beliefs at the
beginning of the second stage.



The first (second) term represents producer i’s profit conditional on facing a producer j with
capacity type K jL (K jH ), weighed by producer i’s posterior belief that j has capacity K ]L (K JH ).
Taking the derivative of Equation (3) with respect to w; 2, and setting it equal to zero, we obtain

producer i’s reaction function for optimally setting his wholesale price, w; 2 (wa, w£2>, given by:

g I 1 a+ywih + b2y (wfg — wj%)
W; 2 (wj,27wj,2> = 5¢i + 5 (5)

3.2 Producer j’s Problem

Knowing the retailer’s pricing strategy, and anticipating producer i’s wholesale pricing strategy,
producer j solves two profit maximization problems, one to find ijg, and a second to find wﬁg.
We show the formulation for the former.
IE%XHm = (why—¢j) [Oé —Pj2 (wi,Za ij,z) + Vpi2 (wi,%wjl‘:z)}
7,2

L
s.t. Wiy 2> Cj
L L L
o —Ppj2 (wi,Za wj,z) + YDi2 (wm? wjg) < Kj

We note that the problems faced by producer j have the same structure as that in the complete
information benchmark (shown in Appendix A).

3.3 Second-Stage Equilibrium

Based on the specification of the model’s parameters, including K JH and K JL , three capacity con-
figurations emerge in the second-stage equilibrium, denoted by UU,UC, and CC.1' The (U,U)
two-tuple represents the case where producer j’s capacity is not binding at level K JH nor at level
K jL; whereas the (U, C') two-tuple represents the case where, in equilibrium, producer j’s capacity
is not binding at level K JH but is binding at level K J-L; finally, the (C,C') two-tuple represents the
case where producer j’s capacity is binding at both K JH and K JL in equilibrium.

Using the wholesale price reaction functions for producers i and j (as specified in Section 3.1
and in Appendix A), we can solve for the second-stage equilibrium wholesale prices, sales quantities,
and profits when producer j’s capacity is given by K f and K JL , leading to the following result.

Lemma 1 Producer j does not benefit from appearing to have a capacity level that is higher than
his true capacity; that is, a type KJH producer may have an incentive to appear to be a type KJL,
whereas a type KJL has no incentive to appear to be a type KJH

The proof of Lemma 1 and all equilibrium (prices, sales quantities, and profits) results are in
Appendix B. The intuition for why a higher perceived capacity can hurt producer j is that it may
lead producer i to price more aggressively (that is, set a lower wholesale price), and this in turn
can force producer j to sell a similar amount (e.g., at most his capacity, K jL ) at a lower price.

Equilibrium Capacity Configurations in the (KJH, Kf)—space:

To summarize our findings thus far, Figure 1 depicts the resulting second-stage equilibrium implied
by different (K JH VK JL ) pairs, along with three important capacity threshold lines (i.e., K JL =K JH ,
D]UQU ", and DféUC*), where D;JQU T = D]]%’QUU* = DfQ’UU* represents producer j’s sales quantity

1 Appendix B details the derivation of each capacity configuration.



when he is unconstrained in equilibrium whether he is of type K JH or K JL , and DféUc* represents

producer j’s sales quantity when he is not constrained in equilibrium as a type K JH , but would
be constrained as a type K jL . Observe that to the southeast of the 45-degree line representing
KJL = KJH, we have the region specified by Lemma 1, where KJL < KJH For KJH > KJL > D][{QU*,
the resulting second-stage equilibrium exhibits the (U, U) configuration; that is, both a low-type and
a high-type producer j would be unconstrained in equilibrium. For K JH > DfQ’Uc* and K ]L < D]UQU "
the (U, C') configuration is obtained. For K ]L <K JH < sz’UC*, the (C, C) configuration is obtained;
that is, both a high-type and a low-type producer j with capacity levels K JH and K JL , respectively,
will be constrained in equilibrium.

KLn
J

DUU*_ _________________ ';'.'-------------------
]2

DUU* D jHéUC* K H

72

Figure 1: Equilibrium Capacity Configurations in the (K JH , K JL )-space.

3.4 Profits in the Second Stage

In this subsection, we first show that a high-capacity producer j has an incentive to manipulate
perceptions about his underlying capacity due to gains in second-stage profits. We then discuss
how obfuscation affects the profits of the obfuscated producer and the retailer.

Proposition 1 In the second stage, under both the (U,C) and (C,C) configurations, given KJL <
min{KJH, D§]U*}, a high-capacity producer j strictly benefits from obfuscating i’s beliefs.

Proposition 1 suggests that predictions generated from models that ignore the possibility of
obfuscation may be distorted, in the sense that these predictions ignore a possibility that is relevant
to determining equilibrium prices and profits. In effect, by pretending to be more constrained,
producer j is able to lead producer i to price less aggressively (i.e., set a higher wholesale price),
which in turn allows producer j to also price less aggressively. The result is a less competitive
landscape, where producer j secures higher profits.'?

When it comes to producer ’s profits, things are not as clear cut. In particular, due to obfus-
cation, producer i experiences two effects. The first effect, that of moderated competition, is clear:

12The reverse perception, i.e., that of producer j being less constrained than he truly is, will only intensify price
competition, leading to lower profits for a low-capacity producer j.



since producer ¢ prices less aggressively, so will producer j (as specified by his wholesale price
reaction function, shown in Table 2 in Appendix B). In other words, both producers will increase
their wholesale prices, which can work in ¢’s favor. The second effect, on the other hand, is that of
substitution. Because producer j is strategically responding to i’s wholesale price, he trades off a
higher price per unit with a greater number of total units sold. In equilibrium, producer j equates
the marginal returns from each, which results in the retailer partially substituting away from 4’s
product to j’s, thus negatively impacting i’s profit. In net, changes in producer i’s profits can be
positive or negative.

It is instructive to consider how producer i’s beliefs regarding j’s capacity affect profits. That
is, do stronger beliefs regarding j’s (potentially understated) apparent capacity improve or detract
from producer ¢’s profit? Such a consideration is insightful because if producer ¢ benefits from
stronger beliefs, it would suggest that producer i’s incentives to possibly take actions to allevi-
ate j’s obfuscation (by, for instance, verifying j’s capacity) are diminished. The following result
characterizes cases where i benefits from stronger beliefs.'?

Proposition 2 Producer i’s second-stage profit is increasing in 0y if for mn € {UC,CC}, KJ-L €
[K™, min{KJH,DJ%U* |, where capacity thresholds are specified by KUY = (o — ¢; +v¢;) /4 and by

K¢ = — {(1 +y)ya — (1 —=4H)vye — (4 — 272)K]H} /4 {1 — 72}.

A direct implication of Proposition 2 is that when KJL is sufficiently high, the moderated
competition effect dominates, and i’s second-stage profits increase; that is, i benefits from j’s
obfuscation. Figure 2 shows the impact of 65 on producer i’s profits in two different examples.
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Figure 2: Second-stage profits for producer ¢ under the (U, C') configuration.

$396 $3,190

$396

In the left pane (Figure 2(a)), the professed capacity is not significantly constraining (i.e., K JL is
relatively high), and so the moderated competition effect dominates. In the right pane (Figure 2(b)),
while the products are highly substitutable, the professed capacity, K JL, is exceedingly low. Initially,

13We emphasize that the proceeding results regarding profits increasing in 6 directly imply that the party to which
the profits belong is better off under obfuscation. Of course, one could have stated that, for instance, “Producer i’s
profit is higher under obfuscation,” but our results are in fact stronger, as they also provide insight regarding the
difference between the party’s profit with and without obfuscation.
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for lower values of 65, the moderated competition effect dominates that of substitution, but this
relationship reverses for higher values of 65, as producer j takes advantage of i’s perception regarding
his obfuscated capacity to take away some of i’s sales.

While the net effect on producer ¢’s profit may be ambiguous, the effect of obfuscation on the
total profits of producers is clear cut, as the following proposition indicates.

Proposition 3 Under both the (U,C) and (C,C) configurations, the sum of producers’ second-
stage profits is increasing in 0.

Proposition 3 is the culmination of a series of results regarding producers’ profits, showing that
uncertainty regarding capacity constraints can indeed benefit the producers in the supply chain.
Producers’ profits increase in the intensity parameter, 62, as competition is further moderated. In
effect, a higher 62 brings the second-stage equilibrium closer to an outcome where the production
of both brands is horizontally integrated (although such an outcome is never actually reached), and
where obfuscation as a form of tacit collusion has a greater likelihood of being sustained. Moreover,
while there are cases where producer i does not benefit from j’s obfuscation, the increase in j’s
profit more than offsets any loss producer ¢ may incur.

We next examine the impact of obfuscation on consumer surplus, on the retailer’s profit, and
on channel profits in the second stage.

3.5 Impact on Consumer Surplus, Retailer Profits, and Channel Profits

The effect obfuscation has on prices, both retail and wholesale, as the following result shows, is
harmful to both consumers and the retailer.

Proposition 4 Under both the (U,C) and (C,C) configurations, retail and wholesale prices (pg 2,

wy2), g € {1,7}, are increasing in 03, while the retailer’s second-stage profits are decreasing. Second-

stage channel profits are decreasing in 0 under the (C,C) configuration; under the (U,C') configu-
1

ration, channel profits are decreasing in 0 when o > 14

2 Ci-

While the sum of producers’ profits increases as a result of obfuscation (more strongly, under
the conditions of Proposition 2, individual producer profits increase as well), as evident from the
above result, consumers are strictly worse off. In other words, obfuscation allows producers to
collude without ever formally agreeing to do so. Said another way, obfuscation enables producers to
coordinate on a more collusive outcome that dampens some of the effects of competition. In contrast
to the producers (but in line with consumers), the retailer’s profits are always decreasing in 65.
The retailer’s second-stage profit functions under the different equilibrium capacity configurations
are detailed in the Appendix, along with a proof of the Proposition.

From Proposition 4, channel profits are always decreasing in the intensity of obfuscation under
the (C,C) configuration. For the (U,C') configuration, the parameter restriction for decreasing
channel profits is easily understood. Since o > ¢;, the restriction requires that either the market
is large and/or the products are sufficiently differentiated. We emphasize that this is a sufficient
condition, and note that the necessary condition, which is provided in the Appendix, is significantly

14A stronger sufficient condition for second-stage channel profits to be decreasing in 6, is given by a >
4-3" 49"
4—-3y2 -3 7"
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weaker. We also provide in the Appendix a knife-edge parameter specification where channel profits
are actually increasing in the intensity of obfuscation under the (U, C') configuration.

Since obfuscation leads to an outcome that resembles one in which firms collude, it is intuitive
that while the sum of producers’ profits subsequently increases, consumer surplus, retailer profit,
and channel profits are diminished.!®

Next, we fold the game back into its first stage, where the cost of obfuscation is determined
endogenously.

4 Competition in the First Stage

Up to this point, we have studied the second stage of the game, where producer j, the obfuscator,
had already influenced producer i’s beliefs about his capacity. These beliefs were taken as a pa-
rameter that resulted from some past actions. We now show that obfuscation can arise as part of
actions taken in a previous stage.

Production Supplier i’s Production
Quantity Updated Beliefs Quantity
Supplier j
i ﬁ\ Cap =K/ ‘ K 6,(Kk)=0  Upnk]
14 . _ .
%\ Caﬁ = KiL ‘ K; 0, (K/L)_ 4 K
Supplier;j * Y )\ T )
Stage 1 Stage 2

Figure 3: Strategic Capacity Cutting Equilibrium

As illustrated in Figure 3, consider an equilibrium of the game where both high and low capacity
types (K JH and K JL) of producer j produce K JL in the first stage. In other words, producer i is
unable to glean any information from the first-stage retail price p;;. This is because p;1 conveys
no new information about j’s type. Thus, producer i’s posterior belief is the same as his prior; that
is, 02 (K JL) = . Therefore, the second stage subgame when producer j’s true capacity is K JH , given
that 6y(K JL ) = 0, is identical to the second-stage game analyzed in Section 3.

Let Hfl(K ,0) and Hﬁl(K ,0) denote producer j’s profits in the first stage when he produces
K units and his capacity is K JH and K ]L , respectively, and producer i’s prior belief is §. In the
proceeding analysis, we focus on the (C,C) configuration, i.e., where both high and low types of
producer j face a tight capacity constraint; the (U, C') case is similar.

Let us assume that as part of the first-stage equilibrium, both types of producer j behave as type
K jL . Producer ¢ then anticipates this strategic pooling by producer j’s types. Hence, producer i
realizes that regardless of producer j’s true capacity, j will produce at K JL in the first stage. Then,

if producer j in fact has a high capacity K JH , it is a best response for j to underproduce at K ]L in

"5This finding is reminiscent of [17] in the sense that once asymmetric information is introduced, the payoff of the
party with the private information is improved while the other party’s payoff is diminished. However, there is a third
party in our model in the form of a competing producer, and, as we show, the impact on its payoff is ambiguous.
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the first stage when
= (L (kL) - (K1) ) o (LK, 0) — (KT, 0)) > 0, (6)

that is, if a high-type producer j’s potential loss in first-stage profit due to underproducing is
exceeded by his discounted gain in second-stage profit. From the perspective of a low-type pro-
ducer j, producing at full capacity is still the optimal choice in the first stage, since producer ¢ now
anticipates production at K JL with certainty.'® Moreover, a low-type producer j benefits from the
high-type’s obfuscation due to less intense competition in the first stage (and would be indifferent
when 0 = 1). Solving the inequality, we have the following result.

Proposition 5 There exists a threshold § € (0,1) such that given any discount factor § € [4,1], a
high-type producer j obfuscates by underproducing in the first stage.

The expression for § and the proof along with the complete equilibrium specification are in
Appendix B.6. Whether § € [0, 1] depends on the parameter specification. When § < 0, obfuscation
always takes place — these are cases where producer j benefits directly from obfuscating in the
first period. Intuitively, these cases are characterized by K ]H being relatively high, which leads to
a Prisoner’s Dilemma type of situation between producers where both ¢ and a high-type j set low
prices and “overproduce”; pursuing obfuscation enables the producers to coordinate on an outcome
with less intense competition (i.e., higher wholesale prices). When § > 1, obfuscation never pays
off. We further have that J is decreasing in c¢;j, K JH , K JL , and 6, and is increasing in « and c¢;.

From Proposition 5, given a discount factor ¢ that is sufficiently high, a producer j whose
realized capacity is high benefits from strategically cutting production in the first stage. Intuitively,
producers who put sufficient weight on future profits may be willing to incur losses in the present
in order to facilitate future uncertainty about their true capacity. Moreover, as these present losses
diminish, this cost-benefit analysis tilts further in favor of obfuscation; that is, § is lower.

As the following result shows, a producer j whose realized capacity is low, as well as the
competing producer i, both benefit from the high type’s strategy (and their benefit holds more
broadly, for any discount factor ¢).

Proposition 6 The expected present-discounted total profits of a low-capacity producer j and of
producer i are higher when a high-capacity producer j underproduces in the first stage.

Figure 4 provides an illustration of present-discounted expected (total) profits for the producers,
conditional on producer j’s type, for the cases with and without obfuscation. The top two illus-
trations depict producers j and i’s profits with and without obfuscation, conditional on producer
j being a high type, for an interior § € (0,1). The bottom two illustrations depict the producers’
profits conditional on a low-type producer j. As the figures demonstrate, producer ¢ and a low-type
producer j always benefit from the prevalence of obfuscation — due to less intense competition. A
high-type producer j’s overall preference depends on the underlying parameters.

Propositions 5 and 6 illustrate that even when there are earlier costs associated with obfuscating
a competitor’s posterior beliefs, the incentive to obfuscate can exist.

To provide some intuition, consider a high-capacity producer 7 who chooses to cut production
in the first stage. While producer j’s gain from underproducing is realized in the second stage,

Y6 An appropriate off-equilibrium belief specification for producer i is given by 62(K) = 6 for all K < K ]L
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Figure 4: An illustration of producers’ present-discounted expected profits conditional on j’s type
as a function of 4.

producer i’s immediate benefit is twofold. First, given j’s choice of producing less and setting
a higher wholesale price, the retailer demands a higher amount of i’s product (a ‘substitution’
effect). Second, since producer i recognizes j’s strategy in equilibrium, he can account for j’s
higher wholesale price in the first stage and raise his own wholesale price (a ‘moderated competition’
effect). From the perspective of a low-capacity producer j, the result of the high type’s pooling
behavior in the first stage delivers certainty to the competing producer 7 that j’s wholesale price
will be high, which enables both producers to raise prices and benefits the low-type producer j (and
this benefit exceeds any loss the low type incurs in the second stage as a result of obfuscation).
Our next result shows the overall impact on the retailer’s profit, on overall channel profits, and on
consumer surplus.

Proposition 7 The retailer’s present-discounted expected total profit and consumer surplus are
lower as a result of producer j obfuscating his capacity. Furthermore, there exists a threshold
RJL > 0, such that for all KJL < RJL channel profits decrease as a result of obfuscation.

It follows that the benefit to both producers resulting from producer j cutting production in the
first stage comes at a cost for the other parties in the supply chain. In particular, as wholesale prices
increase, not only does producer j avail less capacity to the retailer, but the retailer’s potential
profit margins are diminished, lowering the retailer’s profit. In response, the retailer raises his own
prices, which lowers consumer surplus and the quantities that consumers demand.
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5 A Strategic Retailer Countering Obfuscation

We now consider an extension of the model where the retailer is able to take actions to counter
producer j’s obfuscation. In the base model, in effect, we had been operating under the assumption
that the retailer is not strategic. An alternative assumption is that the retailer cannot communicate
any new information (such as j’s wholesale prices) to producer i. This can be the case under any
(combination) of the following circumstances: (i) because this information is supplied to the retailer
late in the production process; (ii) because the retailer is contractually obligated not to disclose such
information, i.e., there is a penalty for breaching a contract with producer j; or (iii) because the
retailer is unable to credibly (let alone verifiably) disclose such information to producer ¢ without
some external certification.!” Below we consider two approaches that a strategic retailer might take

to alleviate obfuscation.!®

5.1 Deterrence through Disclosure

Under the first approach, let us suppose that in the second stage, the retailer is able to credibly
and verifiably disclose producer j’s (true) capacity (or alternatively, producer j’s wholesale price)
to producer , at some cost, denoted by ¢y, prior to i’'s wholesale pricing decision. Thus, the cost
cy to the retailer represents either (i) the cost of obtaining information about producer j’s (true)
capacity early on; (ii) the cost of breaching the contract with producer j; (iii) the cost to certify
the retailer’s information; or (iv) any combination of these costs. For (i), it might be possible for
the retailer to glean information regarding producer j’s capacity in the first stage. For instance,
the retailer could lower product j’s first-stage retail price, p; 1, and subsequently request to acquire
more units from j. If j complies, his true capacity is revealed. Granted, doing so may come at a
cost to the retailer due to lower revenues if producer j does not comply and producer i’s wholesale
price is unchanged.

For technical simplicity, let us assume that it is common knowledge that the retailer possesses
complete information regarding producer j’s capacity. Once the retailer credibly discloses j’s ca-
pacity to producer 7, producer i is no longer affected by producer j’s obfuscation. In fact, producer ¢
will respond optimally to producer j’s true capacity according to its best-response pricing function.
If it is indeed optimal for the retailer to disclose j’s capacity to ¢ in equilibrium, then producer j
will foresee such a disclosure taking place, and will price accordingly. In effect, the retailer reverts
the game to the complete-information benchmark (i.e., where producer j’s capacity is known in the
second stage). Hence, the retailer will choose to disclose producer j’s capacity to 7 if the cost of
doing so, ¢y, is lower than the retailer’s gain in profit from reverting to the complete-information
outcome.

An upper bound on cy is given by the retailer’s profit gain in the second stage under the
complete-information outcome relative to the outcome with obfuscation, as characterized by the
following result.

Proposition 8 There exist constants E‘C,,Eg > 0, such that if producer j is constrained (uncon-
strained) in the complete-information benchmark, the retailer’s benefit from alleviating obfuscation

'"There is an inherent cheap-talk problem in this case [11], since the retailer would always prefer to disclose a lower
wholesale price for producer j to ¢ in order to intensify competition among the producers and induce ¢ to set a lower
wholesale prices.

18 A related approach taken in the literature is for the retailer to pre-commit to a quantity acquisition prior to
producers ramping up their production capacities [4, 14].
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1 bounded above by E‘C/ (Eg) Moreover, c{{/ and E‘(f are non-iNcreasing in KJL; that is, the retailer’s

incentive to counter obfuscation diminishes as K JL INCreases.

The retailer’s equilibrium profits under each of the capacity configurations and the respective
upper bounds are detailed in the Appendix. It follows that if the retailer is able to credibly
communicate information about producer j’s capacity to producer ¢, he will choose to do so when
the cost of disclosing the information, as denoted by ¢y, is less than &7, where m € {C, U} indicates
7’s capacity configuration.

5.2 Deterrence through Output Reduction

Let us now consider the possibility that a strategic retailer may make it more costly for a high-
capacity producer j to obfuscate by acquiring an inefficiently low quantity from j (from a per-
period profit-maximizing perspective) in the first stage. More specifically, suppose that in the
first stage, if the retailer is offered a wholesale price from producer j that indicates low capacity,
the retailer chooses to acquire fewer units from j, thus increasing the opportunity cost j incurs
due to underproducing. In other words, the retailer, not knowing j’s true capacity in the first
stage, gambles by making it costlier for a producer j that has a high capacity to pretend to have
low capacity. This strategy can work for the retailer as long as the added cost imposed on an
obfuscating producer j exceeds his benefit from obfuscation. Moreover, provided that this strategy
works, it can benefit the retailer and be sustained in equilibrium when the retailer’s gain from
disincentivizing a high-capacity producer j from underproducing exceeds the retailer’s potential
loss from underselling j’s product in the first stage when j’s true capacity is low.

Under this approach, the retailer commits in advance to the following policy: If producer j sets
a wholesale price that corresponds to a low capacity level, K j’;, the retailer will only order ¢© < K JL
units from producer j. For this approach to benefit the retailer, producer j must be deterred from
obfuscating. Hence, it is necessary that the retailer sets a quantity ¢ that satisfies the inequality
Hfl (K*,0) — Hfl(qR, 0) > 5(HfQ(K*, 0) — HfQ(K*,O)), where K* denotes the profit-maximizing
production level when producer j’s capacity is K jH . That is, the retailer must order a sufficiently low
quantity such that a high-capacity producer j’s opportunity cost of cutting first-stage production
exceeds his second-stage benefit from obfuscating i’s beliefs.

Let wfl denote the wholesale price associated with a producer j of capacity K f in the first stage.
The following proposition characterizes when it is beneficial for the retailer to deter obfuscation by
committing to output reduction.

Proposition 9 For any § € [0,1], there exists an output level ¢%(5) € [0, KJL] and a belief threshold
0(8) € [0,1), such that for all § < 0(5) the retailer commits ex ante to purchasing ¢%(3) units in the
first stage when producer j’s submitted wholesale price is greater than wﬁl (the price associated with
capacity KJH), whereby a high-capacity producer j will not underproduce to obfuscate his capacity.

We note that there is a positive likelihood that producer j is indeed bound by a capacity
constraint K. In such cases, the retailer incurs a cost in the first stage for pursuing this ap-
proach — the cost of ordering a suboptimal quantity (in the context of the first-stage subgame)
from producer j. When the prior probability that producer j has low capacity is sufficiently low,
the gains outweigh the cost. In effect, the retailer commits ex ante to shrink his dealings with a
low-capacity producer j; by doing so, the retailer eliminates j’s incentive to obfuscate. Figure 5
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illustrates the retailer’s profits in each stage when pursuing the strategy of output deterrence rel-
ative to the cases of obfuscation and complete information. Subfigure 5(a) is characterized by a
relatively high prior probability that producer j is a low type; consequently, the retailer’s loss in
the first stage from pursuing a strategy of output deterrence is not offset by gains in the second
stage from disincentivizing obfuscation. In Subfigure 5(b), the prior probability that j is a low type
is relatively small, and the strategy of output deterrence pays off to the retailer in both stages.

r 3 r
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_____ | 3] Output
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Figure 5: Retailer Profits under Complete Information, Base Model Obfuscation, and Output Deterrence.

However, when the retailer is unable to commit ex ante to output reduction, it is no longer
a credible threat for the retailer to reduce the quantity purchased from an apparent low-capacity
producer j, and the base model outcome is obtained. This is because, given the structure of
the game, producers’ wholesale prices are submitted as take-it-or-leave-it offers to the retailer.
Once wholesale prices are submitted, they are non-negotiable. Reducing his output order from
an apparent low-capacity producer j would decrease the retailer’s profit without generating any
different action from the producers.'® Indeed, a promising direction for future work is to consider the
possibility of wholesale price (re)negotiations, where producers do not possess all of the bargaining
power in determining wholesale prices. It is plausible that an outcome that is more along the lines
of the commitment outcome may be obtained as part of a negotiation strategy by the retailer.

Overall, whether pursuing an approach of disclosure or an approach of output reduction, the
retailer incurs costs when deterring obfuscation. Interestingly, consumers would benefit from the

retailer taking such actions, and so would overall channel profits.

6 Conclusions

In this paper, we study a two-stage supply-chain model with two competing producers, where one
of the producers holds private information about his capacity level, which is unknown to his com-
petitor. We show that in some cases, the producer is able to use his competitor’s uncertainty about
the former’s capacity to appear to have a lower capacity than he actually does — manipulating
perceptions by strategically cutting production in an earlier stage. As a result, his competitor
competes less aggressively, and equilibrium wholesale prices increase.

19Tf the retailer, on the other hand, attempted to order more than KJ-L from producer j, the latter could claim to

be capacity constrained at K JL
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Our findings indicate that obfuscation has important implications for supply chains. In par-
ticular, obfuscation can moderate producers’ competition, which enhances producers’ profits. The
intuition for this result is as follows. If the non-obfuscating producer, i, perceives producer j to
be further constrained than j’s capacity dictates, he will relax his wholesale pricing strategy. In
other words, producer ¢ will price less aggressively, setting a higher wholesale price. Anticipating
this behavior, producer j, in turn, will relax his own pricing strategy, increasing his wholesale price
as well, bringing the wholesale market closer to a monopolistic outcome. This results in higher
wholesale prices, leading the retailer to acquire and sell fewer units at higher retail prices. Con-
sequently, consumers pay more, the retailer’s profits shrink, and producers’ total profits increase.
Overall channel profits decrease.

Most interestingly, we show that as a result of obfuscation, there are situations where both pro-
ducers’ individual profits rise. These situations do not occur when producers actively communicate
credible information or attempt to acquire it — on the contrary — they happen when producers
do not verify information. More specifically, we show that although producer ¢ fully recognizes the
possibility of j obfuscating, there are cases where producer 7 is better off not acquiring information
about j’s real capacity constraint. Said another way, the lack of verifiable information about j’s
true constraint facilitates profit gains for both producers. These findings have direct implications
to oligopolistic competition and antitrust laws, since illegal collusion, as defined by the Sherman
Act, rests on whether firms have reached an agreement. Hence, the equilibrium outcome in our
framework, which can be interpreted as a form of tacit collusion, does not necessarily violate the
law. In other words, obfuscation can serve as a proxy for price collusion, especially in situations
where such collusion may be deemed illegal or at the very least be perceived in a negative light.

We also show that there are situations where a retailer would choose to deter a producer’s
capacity obfuscation by either disclosing information regarding capacities to rival producers or by
altering its purchasing strategy. Although a retailer’s profit is contingent on acquiring goods to
sell from the producers, there is a conflict of interest in terms of eliminating collusive behavior. In
particular, the retailer may be willing to expend resources in order to prevent obfuscation-induced
collusion.

Understanding the economic forces behind a competitor’s production and pricing decisions is
critical to determining a firm’s own production and pricing strategies. Our findings thus have clear
managerial implications. First, they elucidate some of the incentives that a producer may have for
manipulating capacity perceptions, particularly those that are motivated by competitive pressures.
Second, our results indicate that predictions generated from models that ignore the possibility
of obfuscation may be distorted, in the sense that these predictions ignore a possibility that is
relevant to determining profit-maximizing strategies. Third, our findings indicate that there are
cases where a retailer may choose to strategically alter its wholesale purchases in order to reduce
capacity-related uncertainty among producers.

There are many interesting questions that remain to be answered. First, it would be instructive
to study settings where multiple producers can obfuscate their production capacities. A natural
extension to that framework is a setting with both competing retailers, as in [6], and competing
producers, where retailers can obfuscate their sales and producers can obfuscate their capacities.
It would also be worthwhile to develop a deeper understanding of feasible contracting protocols
within the revenue chain, and the approaches that could be used by both retailers and producers
to contractually mitigate the effects of obfuscation. One could also develop a more continuous
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setup in lieu of the discrete prior distribution over types that is used in our current framework.
We believe that the topic of obfuscation in a supply chain presents many promising and important
opportunities for future research.
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Appendices

A Complete Information Benchmark — Results Under No Obfuscation

We now turn our attention to the producers’ problem when there is no private information, i.e.,
producer j’s capacity constraint is common knowledge. The one-shot (Nash) equilibrium wholesale
prices must reflect any relevant capacity constraint and the retailer’s choice of retail prices as a
function of both wholesale prices. It is straightforward to see that an equilibrium of the overall
game consists of producers and the retailer pricing according to the one-shot Nash prices in each
stage. For a given wholesale price from his competitor and anticipating the retailer’s response to
both wholesale prices, producer ¢ would solve:

+

(7)

o' o'
e [ —— 4 0.5w; —— 4+ 0.5w;
max  (wis — ¢;) {a (2 =) + wz,t> + (2 =) + ’(U]nf)

s.t. Wit 2> G

Here, we substituted for the retailer’s optimal prices to highlight the dependence of sales quantities
on the wholesale prices, and include producer j’s wholesale price, who solves an analogous problem,
with the added capacity constraint given by (8):

o — + 0.5wj7t) + < + 0.5wl-7t) < Kj (8)

(ﬂl—w 2(1-7)

where K is producer j’s capacity, with K; € {KJL, KJH}

Producer i’s Problem: Taking the derivative of (7) with respect to w;;, and setting it equal to
zero, we get producer i’s optimal wholesale response function, given by w;;(w;4):

1 o+ yw;
wio(wye) = e+ 2t (9)

Producer j’s Problem: If producer j is capacity constrained, then the Lagrangian problem

becomes: a o
max L; = (wj;— ¢j) {a — <2(1—’}/) + 0.5wj,t> + v (2(1_7) + 0.5w¢7t)} (10)
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where M is the Lagrange multiplier. The optimal wholesale price response function for producer j,
when he is capacity constrained at K, where K; € {K jL, K jH }, is given by

w§y (wig) = o+ (wig) — 2K (11)

If producer j is not capacity constrained, then the optimal wholesale price response function is:

1 o+~ (w;
wiy (wig) = 56+ 72(zt)

; (12)

Using the wholesale price response function given in Equations (9), (11) and (12), we can solve
for the equilibrium wholesale prices, sales quantities, and profits shown in Table 1.

| Equilibrium Capacity Configuration
{

| Unconstrained Constrained
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Table 1: Equilibrium Wholesale Prices, Demands, and Profits Under No Obfuscation

In Table 1, w!’ft* , D;’?t*, and Hgft* represent equilibrium wholesale prices, sales quantities, and profits
of producer g € {i,j}, in stage t € {1,2}, under equilibrium capacity configuration m, where
m € {U = Unconstrained, C = Constrained}. With the above results, it is straightforward
to show that if j’s production capacity satisfies K; < D][{t*, his capacity constraint is binding in
equilibrium, whereas j’s constraint is not binding for larger K values.

B Equilibria in Second Period — Results Under Obfuscation

Because the problem faced by producer j has the same structure as that of the complete information
benchmark, analyzed above, we have that the optimal wholesale price response for producer j, when
he is capacity constrained at K jL, is given by ij7’20 (wi2) = a+v (w;2)—2K JL Similarly, if producer j
is not capacity constrained at a capacity level of K ]L , then the optimal wholesale price response is
ij,éU (wi2) = %C‘ TR L +;w2’2
when he is capacity constrained at K ]H , is given by wfé

. Analogously, the optimal wholesale price response for producer 7,
¢ (wi2) = a+yw;2 — 2KJH. If producer j
is not capacity constrained at capacity K ]H , then the optimal wholesale price response function is
HU 1 a + ywi 2
wig (wiz) = 56 + TZ
not binding at either level K JH or K jL, producer j’s response depends only on the wholesale price
submitted by producer <.
Using the wholesale price response functions for producers i and j (as given in Appendix A),

. As expected, ij’QU (wi2) = JHQ’U (ws2). That is, when capacity is
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we can solve for the second-stage equilibrium wholesale prices when producer j’s is of type K jH and
K jL, respectively, as shown in Table 2.

vo _ (2+7)a+2¢ + ¢
vol| T 14—
g HUU* _  LUU* _ (24 v)a+2¢; + e
2 Wy,2 =W;o = 12
£ v
Eo WVC — [2+7(1+92)]C¥+20i+’y(1—92)cj —492"ny
g ©,2 - 4_72(1_’_02)
S | ue | e @a e+ 2077 —20,7KE
W'y =
g 72 4= 2(1+62) ) ;
= rwer _ (A 2)a 26+ (L= 0)] ¢ —2[4 271 — b)) K]
@) J:2 = 1—2(1+6,)
% cc* (1+7)a+0i—27Kf1+292'7 (KJH—KJL)
E Wiy = .
= H 2 (g H L
Ejl cC ijz,CC* _ 2+yatqe- 4§(j 4—22927 (K[ — KF)
’ el
Loc  2F7atye —4AKE —2(1— 6,92 (K — KF)
Wiz = 52

Table 2: Wholesale Prices in the Second Stage

Second Period Equilibrium Demands

For each of the three configurations given in Table 2, we substitute the relevant equilibrium whole-
sales prices into (13) and (14) to determine second-stage equilibrium sales quantities:

Dip (Phaspla) = o = piawiz) + 79 2(w;2) (13)
Dy (ph2:pj2) = @ = ja(wj2) + wia(wis) (14)
« «

where p;o(w;2) = + 0.5w; 2 and pj5(wj2) = + 0.5wj 2, as detailed in (2).

2(1—9) 2(1-7)

Second-Stage Demands under (U,U) Configuration: These are the producers’ sales quanti-
ties when producer j is unconstrained in equilibrium whether he is of type K JH or K ]L

UU nuvs  aLove - 24+7)a—(2-9)a+¢

Di,? = Di,2 = Dz‘,z = 2(4 — ,yg) : : (15)
vue o HUUs  Lours | (21— (2= 9%)e + e

Dix = Dj3 = =Djy~ = 24— 2) (16)

In other words, in equilibrium, capacities are such that K JH > DJU2U “and K JL > D]UZU "

Second-Stage Demands under (U,(C') Configuration: These sales quantities represent the
case where a producer j of type K JH is not constrained in equilibrium, but where a producer j of

type K ]L would be. The sales quantities given by (17)-(18) and (19)-(20) represent the producers’

*

1. . . . . H L * .
equilibrium sales when producer j submits wholesale prices wj72’UC and wj”QUC , respectively.
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[247(1 = s — Boy)] a — (2 — ¥?)ci+

DIHQ’UC* _ y (1 + 0y — 9272) ¢+ 292’7(2 — ")/2)K]-L (17)
’ 2[4 —~*(1+062)]

PHHUCE (2+7)a—(2—9Hej + ¢ — 20072 KF as)
32 - 2[4 —~2(1+ 69)]

and
2473 =2+ (1 —62))] @ — 2(1 —4?)ci—

pLUCT  _ 7 [ =)A= 65)] ¢; — 2y [4— 20, —*(1 — 6)] K} (19)
b2 2(4 —*(1+62))

Dy = KF (20)

Second-Stage Demands under (C,C) Configuration: These sales quantities represent the
case where a producer j of either type is constrained in equilibrium.

(1+7)a— (1=~ — 200y(1 =) (KF — KF) —29KF

pHCccr _ 21
%,2 2(2 _ 72) ( )

HCC* H
DY = K (22)

and
L H L
“2 2(2—1?)

Lccx L
Dy = K] (24)
Several observations are in order. First, we note that DféUC* is decreasing in K JL The intuition
for this is simple. As K JL increases, producer i prices more aggressively (i.e., i sets a lower wholesale
price wZUZC "). Consequently, the sales quantity for j’s product drops. Second, for K JL — 0, for any
0y > 0, sz’UC* > DJUQU ", The intuition here is similar (but in reverse) — appearing to have a
low capacity works to the benefit of producer j because i prices less aggressively (i.e., i sets a
higher wholesale price wféUC > wZUQU ") when he believes that j’s production capacity is severely

constrained. Third, at K JL = DgJQU , we have Dj 2’UC = D]UQU , 1.e., equilibrium sales quantities are
the same as in the unconstrained case.

B.1 Proof of Lemma 1:

We first consider the case where producers of either type are unconstrained in equilibrium. That

: L vu* _ pLuur H vu* _ pHUU” SR

is, suppose Kj* > D;/ = D} and Kj' > D;/ = Dy . Because the equilibrium whole-
., yu+  HUU* _  LUU*

sale prices (w;y” ,wj; = wj;

unchanged, whether a K JL type producer pretends to be a K JH type or a K jH type pretends to

have higher capacity, producers have no incentive to obfuscate with a level greater than their

true capacity under the (U,U) configuration. Under capacity configuration (U, C), for any fixed
KJH > th’UU*, a KjL—type producer pretending to be of type KJH shifts the producer to the (U,U)
equilibrium discussed above. Under capacity configuration (C,C), by pretending to have higher
capacity (e.g., having a K jL—type producer pretend to be a K JH type) would lead the producer,
already constrained in equilibrium, to sell the same quantity at a lower wholesale price. This is

), as well as equilibrium sales given by (15) and (16) remain

H,CC* . . L.CC* .
because w; decreases in the difference of (K JH - K ]L) and w;y decreases in K jL more So

than it increases in (K jH - K jL) Therefore, a producer j does not benefit from appearing to have
a capacity level that is higher than his true capacity.

22



Derivation of Second-Stage Equilibrium Profits

We next derive the producers’ ex-post profits under each of the equilibrium capacity configurations
in the second stage. These are ez-post profits in the sense that they are obtained at the end of the
game where producer i’s uncertainty regarding j’s capacity is resolved.

Profits under (U,U) configuration: Because producer j submits the same wholesale price
under either capacity level, we can readily find second-stage equilibrium profits for both producers
under the (U, U) configuration. Using the equilibrium wholesale prices given in Table 2, profits are

iven b 9
g y Ut [(2+7)a— (2 =Y + ] (25)
w2 2(4 —2)?
2
s HUU  aLove (24 e — (2 =92 + e
e = M =I5~ = 204 =22 (26)

Profits under (U, C) configuration: Let H;{’QUC* and H;’QU = represent producer g’s, g € {3, 7},
HUC*

expected profits under the (U, C) configuration. If producer j chooses to submit w;s as his
wholesale price, then profits can obtained from HfQ’UC* = (wa’Uc* — j) . DfQ’Uc* and HfQ’UC* =

(wZUQC - ci) . DZHQ’UC . Substituting the relevant expressions, we have

{(2 +9(1 =0y — 627)) a — (2= *)c; + (1 + 02 — 627%)cj + 2027v(2 — 72)K]'L] :
{[2 -+ ’y(l + 92)] o+ ”)/(1 — 62)Cj — (2 — ")/2(1 + 92)) Ci — 492"}/KJL}

HH,UC* _ (27

2(4=~2(1+6))" =
2

N (G el W Bl ) )

e 2(4 = 22(1+62))"

On the other hand, if producer j chooses to submit ij’QUC*

. . L * * L * ’ L * L * L *
its are determined from HL’QUC = (wZUQC - Ci) -Di’éUC and Hj?’QUC = (wj,’QUC - cj> ~Dj7’2UC .

as his wholesale price, then prof-

Substituting the relevant expressions gives
[2+~9B—02+9(1 = 02))] o —2(1 = y*)e; =7 ((1 = 62) —7*(1 = 02)) ¢;
~2y (4= 20, = 4%(1 - 05)) KF| -
[[2 + (1 +62)] o+ (1 = O2)c; — (2 =721+ 62)) ¢ — 4927Kﬂ

nkuer _ 29
2(4=2(1+ 02))° .
qLuer 2 [(2—1—7)0[—(2—72)03- + v — (4—72(1—92))KJ~L] KF %0
3,2 - 4—~2(1+6) (30)

Profits under (C,C) configuration: Let Hg’fc* and H;&CC* denote producer g¢’s, g € {i,j},
expected profits under the (C,C) configuration. As in the previous configuration, if producer j
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chooses to submit wa’CC , then ex-post profits are:

(Lt m)a = (1= )e; = 0K = 2071 —7) (K ~ K})|
(1+y)a— (1 —~?)ec; — QWKJH + 2927(KJH - K]L)]

qeer 31
e [(2 Fy)a e — (2= %) — 4K 4 2009° (KJH - KJL)} K¥
;5 oy (32)
-7
Alternatively, if producer j submits wﬁécc* as his wholesale price, then profits are:
(14 7)o = (1=9%)e; — 29K + 2009(KH — KF)] -
AU L A2\ (1 H _ jL

Lo _ [(1+7)a — (1= 42)e; = 29KF +2(y(1 =21 - 0)) (KJ — K] )]/33>

20277 \
nees _ [RH)atae - 297 AK] - 221 - (K] - KP)| K .y
7,2 - 92 _ 72 ( )

B.2 Proof of Proposition 1:

We begin by analyzing the profits of a K JH -type producer j for each capacity configuration. To
prove Proposition 1, we see that under the (U, C) configuration, the partial derivative with respect
to 6, of producer j’s profit function, given by (28), is:

<0
o’ 1 T [(2 +y)a+qc - (2-9%)¢ - 2972Kﬂ >0
09 P201+0) 4P | 2@+ a+ye - (2= - 24—k} | T
<0 20

H H
We must have from w; Q’Uc > ¢j, where w; 2’U

 is given in Table 2; this implies 2+vy)a+ye—(2—
72)01\/ —20°K JL > 0. Hence, the first term in the bracketed expression is non-positive. Under the
(2+a+ye — (2=

2(4-7?)
non-negative. Therefore, we conclude that a high-capacity producer j’s profits are increasing in 6
under the (U, C') configuration.

UC configuration K ]L < = D]UQU " Thus, the second term in brackets is

oriheeT oy (KH - KF) K1
For the CC configuration, the partial derivative of (32) is ]8 = 5 > 0.
-

This result indicates that producer j’s profits are increasing in 6, under the (C,C) configuration.

B.3 Proof of Proposition 2:

We next consider the effect of 8 on producer i’s profits. Under the UC' configuration, setting

arue”
55— = 0, we find the stationary point:

i — 72 +v)a+ae = (2= 9]
[4 472 = 0)]a+ (2 —7?)ye — (4 = 39%)c; — 8(2 — 1)K}
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o —Cj + ¢

4
o —Cj + G

4
Under the (C, C) configuration, the first and second derivatives of (31) with respect to 0 are:

Thus, for K JL < , producer ¢’s profit is increasing up to 8* = 5, and decreasing

thereafter. For K ]L > , producer ¢’s profit are strictly increasing in 6.

oL 2 (KH = KEF) [(1+7) 70 = (1= 7%) e = 292K = 40(1 = ) (KF - K})]
00 - (2 = ~2)2
* 2
R
a6z 2 2) =

v [(1 +y)a—(1—9%)c — 2'VKJH]
4[]~ K|

that maximizes producer i’s profits, if it falls in the interval [0,1]. If K ]L satisfies the following
condition,

Setting the first derivative to zero, we get °¢" = as the 0 value

KL > — [(1 + )y — (1 =7%)ve — (4 - QVQ)Kf]

)= =) )

then producer ¢’s profits are guaranteed to increase in 6, for K jH < Dg{zc " under the (C, C) config-
uration, as stated in Proposition 2.

B.4 Proof of Proposition 3:

Under the UC' configuration, taking the derivative of the sum of the producers’ profit functions

with respect to 6, we get
o (HféUC +HH,UC )

7,2
a0
_ >0 1
1 - [+ ety — (29 —2(4-77) KF|
- 5| [ 12472~ [4+@—)10]a+40[4 392 KF (36)
2[4+ 7<20(1 +0)] [ L1043+ [P — (2= & ]
< _ > ]

To show that the last term in the bracketed expression is non-negative, we will demonstrate that
the positive components, at their least positive values, are greater than the negative components
at their most negative values. Separating the components of the third term based on whether they
are positive or negative, we get

Negative Positive
—[4+ (2 - 2+7)’a
~(1= )[4 - 39%c; | 40 [4 - 392 K}
(2 —7*)fe; Ve

The sum of the positive components is least positive at (2 —|—'y)20z +~3¢;, when 6 = 0 and KJL = 0.
Now consider the negative parts of the third term, and let A = [4 4 (2 — y)y]a + v(2 — v?)¢; and
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B = (4 — 3v?)c;j, where the sum of negative terms equals — (§A + (1 — ) B). We first note that
A > B, for all v values. This follows from the fact that ¢; < «a, which implies an upper bound
for B < (4 — 3y?*)a. Similarly, when ¢; = 0, we have a lower bound for A > [4 + (2 — y)7]a =
(4 + 27y —v?)a. Thus, A > B.

Given that A > B, the negative components will be their most negative (from — (A + (1 — 0)B))
when 6 = 1, equaling — ([4 + (2 — y)7]a + ¥(2 — ¥*)ci). Finally, we note that the magnitude of
the negative components at their most negative ([4+ (2 —7)7y]a+7(2 —72)c; is always smaller than
that of the positive components at the least positive value, as (2+’y)2a+’y3ci = (4+4'y+72)a+73ci.
Therefore, it follows that the third term in brackets is non-negative, leading to the desired result.
Under the C'C configuration, taking the derivative of the sum of the producers profit function with
respect to 0, we get

H,CC* H,CC*
o5 HIET) 2 [ +yla— (-l (K~ KF) -
20 (2= 722 | +401 - A)(KF - KF) [KH -0k - K})| | =
>0 >0

Therefore, under the C'C' configuration, the sum of producers’ second-stage profits is increasing
in 6.
B.5 Proof of Proposition 4:

It is straightforward to see that the wholesale prices under the C'C' configuration (Table 2) are
linearly increasing in 6. The partial derivatives of the wholesale prices with respect to ¢, under the
UC configuration, are as follows:

w27 [(2+ e+ e — (2= %) — 2 (4 - 7?) KE]

o0 [4—~2(1 + ) =0
w2 [2+y)a+qe — (2 =97)e; —2(4—7) K| -
% [4 =21+ 0) -
Hence, we conclude that the producers wholesale prices are non-decreasing in 6. Addit[}%rially,
because the retail prices are an increasing transformation of the wholesale prices, i.e., % =
2
Opgg* 1 gapg,2

—Hoor = 3,9 € {i, 7}, this preserves the non-decreasing property in 6. In other words, =
dwy s 2

0 ow
g2 1092 Therefore, we conclude the retail prices are also non-decreasing in 6.
Owgz  Owg,o

Retailer’s Equilibrium Profits:
The retailer’s profit functions under the (U,U), (U,C) and (C,C) configurations, respectively, are:

24+ +7y)]a® =24 =B +ale +¢j) = 29 (1 = y)eies + (1 =) (4 = 39°)(c + )
=221 —)

oy — (37)
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T (372 — 392 4’y—|—4)c + [(1697 + 12073 — 160y — 120y )KL 1
+(—40y + 291 + 4042 — 293 + 403 — 40yY)c; + (4073 +49’y+6’y — 8+ 29%)alc;

F(—120%7% + 126295 + 166242 — 166243) (Kfzz
[(86%~% — 8624* — 4975 + 80275 4 404 — 86%~3)
(1607 + 86%~4* — 12073 — 404 — 86%~2) ]KL
(3y3 + 2073 4 20+* + 9272 + 6245 297 92 4392 4+4 0% — 4y — 29’)/5)65
(262~* 497 + 40~ 4 293 — 4073 — 8 + 4642 26?272 + 672)ac;
(8 — 602 — 407y + 8y — 2073 + 02+3 + 0242 + 2v2)a?

41 =74 =221 +0))

S s

vex _ L
Iz~ =

[ [ —8072 4 803 — 8075 — 40243 — 40%~* + 40272 4 4021 + 80~* } (KH)2
+12+% — 16y — 1292 4 16 J
(403 — 4793 — 40y + 47)a
+(80792 4 802~* — 860242 + 807 + 860%~3 — 803 — 80y* — 89275)KJ-L ] KJH
+(472 + 493 + 40yt — 4y — 407? — 4073 — 4yt + 407)¢;
(=462 + 46242 — 40243 + 462P) (KJL) P
+[(—40y + 4072 — 40y* + 4073 )c; + (—4673 + 40~)a] K F
H1 47 + (= =7 +14+9°)f + (=2 + 29°)ag
41— 7)(2—2)?

We next consider the effect of § on channel profits under the (C, C') configuration. The equilibrium
channel profits under the (C,C) configuration are IS

+

5o =

—(39)

—[B+3y 2921 +7)] o?
3 =572+ 294 ¢
~2 [KFy(=1+72)20 + KH (4= 492 + 9% = 450+ 293(1 + 0) — (3 + )]
c? [3 =572+ 29%] +4eiy [(—K})(—l +92)20+ KF(3+0++% —29%(1+ 9))]
2
~A- | | o@ - PES 2K - K (1 - 06+ (KF) 721 =262
+ (KF) (4 =74 (=2+0)0 +2(=3 — 20 + 62))
—4(1 =) [2 =7

Taking the derivative of (40), with respect to 6, we get

+2«x

g . (- PE] - Ky [(1+7)a = (1= 92)ei — 29K + 204(K T — KF)) 0
00 (2 — 42)2 =

Thus, channel profits are always decreasing in 6 under the (C,C') configuration.
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For the (U, C) configuration, the equilibrium channel profits are given by HChmmel

a? [—24 — 4y(2 — 0) — 2910(1 + 0) + ¥3(4 — 62) ++2(10 + 100 + 6%)] o2
2Kf79(—4 +372 =290 +3(1 +0))
tci [12429(2 — 0) + v49(1 + 0) — v2(5 + 60) — v3(2 + 0 — 6?)]
+¢j(12 = 29(=2+ 0) + 73 (=2 + 0) + ¥40(1 + 0) — v2(5 + 40 + 6?))
2

—(1—7) [4 (KEF) 72(=4+ 39702 — 4 KEy0 [4+ 441+ 0) — 42(3 + 20)]

+¢; [124 2941+ 0) — 729 4 40)] + & [12+ 1 (2 + 6%) — (9 + 20 + 6°)]

—2c;y [~2KFy(=2+42)(-2+ 0)0 + Ci( 9(1+0) +2(4+0) — (3 + 50 + 69))]

+2a(1 —7)

T 2 = (41)
—4(1 =) [4=2*(1+0)]
The derivative of (41), with respect to 6, is
>0
g [(2 +y)a+yei — (2= )e; — 2 [4 - ﬂ Kﬂ
[4+ 20y — 372 —3(1+60)] a+7(2—0) (2 -2
O et —[4 =23 +20) + 4 (1 +6)] ¢; — 267 [4 - 377 KF ”
B 3
0 2 [y2(1+6) - 4]
<0

Channel profits are decreasing in 6 if the third term in the bracketed expression is positive. A
sufficient condition to ensure profits are decreasing in 6 is obtained by setting K ]L = D?U , and is
given by

— [ -7+ +272 -9 — [4 7B —*)]c] [4 —7*(1 +0)]

>0
4 —~2 -
Since ¢; can be arbitrary, a simpler (though more restrictive) sufficient condition is given by
4—3 2 4
a(1=7)(2+7)? = (4 —~%3—=7%))¢ > 0, which simplifies to a > 4_3221—33@ From

4 —3y% 44 <4—372+74 <4—3’y4+'y4 o1
4-3y2—3 7 4—442 T 4—4y2 T 1-72

it follows that a weaker, though simpler sufficient condition is given by a > ﬁci.

B.6 Proof of Proposition 5:

Under the assumption that producer i anticipates production at K%, if § is sufficiently large such
that

,CC* C’C
W (K9, 1) - 08 (KF, 1) 107 (0= 1) - HO7 (0 = 1)

1) d —
H H H H H,CC* HCC
1575 (K57, 0) = 55 (KG7,0) T577 7 (0) — 15 (0 = 0)
_ (2+7)a+76i—(2—72)cj+272KfI—4(KfI+KJL) _s
B 2972KJH T

When § € [0,1], a producer j with capacity K JH obfuscates by underproducing in the first stage,
and the following holds in equilibrium:
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Loer (i’s belief is such that 6 is set to 1) as his
wholesale price and produces K JL regardless of type. Producer ¢ submits wZCQC " as his wholesale

price and produces D;’ QCC

1. In the first stage, producer j submits w;

units.

2. In the second stage, producer j with type K; L produces K; L and sets a wholesale price wL CC*,

producer j with type Kj " hroduces K; H and sets a wholesale price Wi

J
produces DZHQ’CC CC .

, while producer )

and sets a wholesale price of w;

3. Letting g1 denote producer j’s first-stage output, producer i’s posterior belief is given by
02(qj1 < KJ') = 0.

4. The retailer sets first and second-stage prices, respectively, to:

. A=+ 2y)]e+ (- 7) [yei — 4K

Pir = 21 =7)(2—-9%)

. B-2at(- >h—%wﬂ

Par = 2(1-7)(2-1?)

. [3—-2y2]a+(1—7) [cz-—2vKﬂ+297(1—7) [KJH—KJL]
P2 = 2(1—7)(2—1?)

If producer j is type K ]L , then

. A=y H2la+ (1=9) [ye —4KE] =22 (1-0) (1 =) [K) - KF|
Piz = 2(1-7)(2-7?)

Whereas if producer j is type K JH , then:

. B 2)at (-9 e — 4K +209%(1 - ) [T - KF |
Pz = 21= )2 =)

B.7 Proof of Proposition 6:

Recall that as part of the first-stage equilibrium, both types of producer j behave as type K jL, with
producer ¢ anticipating this pooling behavior. Table 3 shows the sales quantities and profits in
Stages 1 and 2 for a low-type producer j, as well as total present-discounted profits under both the
no obfuscation and obfuscation settings. We observe that under no obfuscation, producer 7 has a
prior belief of 8, which gets updated to 3 = 1 once he observes a first stage output of K¥, whereas
under the obfuscation setting, producer ¢ expects the pooling behavior and, thus, does not update
his posterior beliefs.

We have ITF, (KF, 0) = TIH,77 () = [

by (34), and TTL(KF,0 =1) =117 (0 = 1) =

(2+7)atyei—(2—72)e;—4KF =242 (1-0)(KF - K F)| K F

2— 'y
2 a+vye;—(2 4K
[+7)aty 5_72 P AR 19y,

,t € {1,2}, given

From the above equalities, it follows that Hﬁl(KjL,@ =1) > Hﬁl(KjL,H). Thus, a low-type pro-
ducer j weakly prefers obfuscation to no obfuscation, and strictly so for § < 1.

Results for Producer i: In Table 4, we present the sales quantities and profits in Stages 1 and
2, as well as total discounted profits for producer 7, under both the no obfuscation and obfuscation
settings, when producer ¢ faces competition from a high-type and a low-type producer j.
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Table 3: Low-type Producer j’s Sales Quantity and Profits in Stages 1 and 2, as well as Total
Present-Discounted Profits, under both the No Obfuscation and Obfuscation Settings.

Stage 1 | Stage 2 Total Discounted Profits
Sales Profit | Sales Profit
No Obfuscation K} IIF (K],0) KP o Ey(KF,0=1) | Ik (KF,0) + 011k, (K0 = 1)
Obfuscation K HL (K7,0=1) | Kf HJL2(KL ) H (KL 0=1) +5H (K}, 0)

Table 4: Producer i’s Sales Quantity and Profits in Stages 1 and 2, as well as Total Present-
Discounted Profits, under both the “No Obfuscation” and “Obfuscation” Settings.

Stage 1
Sales Profit

Stage 2 Total Discounted Profits
Sales Profit

High | No Obf. | D57 (0) 15977 (0) DL (0 =0) ko0 =0) | 14997 0) + 615 (0 = 0)

(
(

\
\
|
0=1) | DL (0) I
|
|

(
Type | Obf. | DI (0=1) 119 ( I 0) | L1997 (0 = 1) + 611597 (0)
Low | NoObf. | DH(9) 117 (9) DLECT(9=1) NECC(O=1) | IO (0) + T (0 =1)
Type | Obf. | DR (9=1) T @=1)| DHCY®O) 1) | IC97 (0 = 1) + o107 (0)

[(1 +7)a— (1 —~%)c; — QVKJH + 297(KJH - KJL)} :

[(1+7)a = (1= 12)e; = 29KE +2(3(1 = 12)(1 - 0)) (K - KE)]
o ’
* a—(1-v*)e;— L7?
t € {1,2}, is given by (33), and Hﬁ;CC 0=1)= [a) 2((12_772))2 alisd
(1 +y)a—= (1 =) — 29K = 2071 = +?) (Kf[ - KJL)} :

(14 ) — (1 - 12 — 2yKF + 20y(KF — K]

Here, Hi;cc* (9) =

. Similarly,

Hz'H,t’CC* (0) = a7 , is given by (31), and
a— —~2 C;— H 2
I (0 =0) = () o S L S {1,2}.

| 2(2-7)

Producer i’s Present-Discounted Profit when Competing against a Low-Type Producer j: We
note that HL oer 0=1)— HZ-L;CC (0)

(1= 02 (KH — KF) [3(1+9) (a = (1 = 7)ai) — 242KEF + 201 = 42)(1 - 0)(KF — KP)] .
N 2 -~ g

This follows since wL CC" > ¢, (as a participation constraint) gives 272K jL <y(1+7) (= (1 —v)e).

Thus, when competlng against a low-type producer j, for any d, producer i’s present-discounted
proﬁt under obfuscation exceeds his present-discounted profit under no obfuscation.

Producer ’s Present-Discounted Profits when Competing against a High-Type Producer j: It

follows readily that HL ot 0=1)> HH cer (0), i.e., the first stage profit under obfuscation exceeds

the first stage profit Wlth no obfuscatlon and that HH ce (0) > chc (0 = 0), i.e., producer i’s

second-stage profit under obfuscation exceeds his second stage profit with no obfuscatlon Hence,
producer ¢ always prefers the obfuscation setting to no obfuscation.
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B.8 Proof of Proposition 7

Table 5 shows the wholesale prices submitted by producer ¢ and a low-type producer 7, the resulting
sales quantities, as well as profits for the retailer in both game stages, under the no obfuscation
and obfuscation settings.

Table 5: Wholesale Prices offered by Producer ¢ and a Low-Type Producer j, the Resulting Sales
Quantities, and Retailer Profits in Stage 1 and 2, under the No Obfuscation and Obfuscation
Settings.

Wj Dz wy Dj Profits
. L,cc* L,cc* L,cc*
Stage 1 No Obfuscation wlLl *(0) DL *(9) ij,l (9) KjL HIL% 1(KL )
Obfuscation wi,icc 0=1) 0 =1) wj’,lcc (0=1) K Tg, (KF.60=1)
Stage 2 No Obfuscation wf,écc:(e =1) D& CC*( =1) wﬁécci(ﬁ =1) Kj Hp,(KF,0=1)
Obfuscation wﬁécc (9) DL S () ijéCC (0) K} H§2( 0)
1+y)ate;—2y K 420y(KH - KL * 1+y)ate;—2yKH42y(KH KL
We have wlLtCC 9) = (I4+v)a+e “/2_]72 V(K J)’ wiLt,CC 0=1) = (I+v)a+e “/2_]72 V(K] ]),
L,CC* (2+7)a+70f4K-L*272(1*9)(KH*K-L) L,CC* (2+V)a+yei—4KE 1 oo
Wk (0) = e = e R e e e N A O
(1+y)a—(1=y?)ei—2yK [ +2v[(1—+%) (1-0)|(K[' - KT]) L,CC* (1+7)a—(1—y?)ei—29K}
sl ) and D5CCT (9 = 1) = G e {1,2),

It can be readily shown that wL o =1) > wflcc (0) and wL o =1) > wZLlCC (0). Since
producers are availing the same capacity to the retailer under both the obfuscation and no ob-
fuscation cases, and since both wholesale prices are higher under obfuscation, it follows that the

retailer is strictly worse off in the first stage given the possibility of producer j obfuscating; that
is, [ (K[, 0) > g (K, 0 =1).

Comparing the case with no obfuscation to the case with obfuscation, the retailer’s present-
discounted profits are given by HILM(KJL, 6) +6H1L%72(K]L, 0=1)vs. HILM(KJ-L, 6=1) +5Hﬁ72(KjL, 0).
Given Hél(K jL, 0) > Hﬁ,l(K jL, 0 = 1), it follows that the retailer is better off under no obfuscation,
and strictly so for § < 1.

Similarly, Table 6 shows the wholesale prices submitted by producer ¢ and a high-type pro-
ducer j, the resulting sales quantities, as well as profits for retailer, under the no obfuscation and
obfuscation settings.

Table 6: Wholesale Prices offered by Producer i and a High-Type Producer j, the Resulting Sales
Quantities, and Retailer Profits in Stage 1 and 2, under the No Obfuscation and Obfuscation
Settings.

W; D; wj D; Profits
Stage 1 No Obfuscation w{ffc: () Dficc:(e) wffc: () K 1 (KH,0)
Obfuscation wi%icc =1 Dficc =1 wﬁicc (0=1) K} Ij,(Kf,60=1)
Stage 2 No Obfuscation wgcc: (0=0) Dfécci (0 =0) wa’CC: (0=0) K Tf,(K},0=0)
Obfuscation w577 (9) D57 (9) w7 (9) K nf 2(KH 0)

(Ly)ate;—2yKF+20y(KP-KF) g ocox
2—'}/2 ? 7, 2

(Ly)ate;—2yK
2_,},2 ’

We have wﬂ “Ch) = (0=0)=
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(2+’y)a+’ycl 4KH

H,CC* +y)atyei—4KT+2002(KE-KEF) g oo

Wj ¢ (0) = 2172 =, w5 (0=0)= 2_2

. oy KH H_ L —4KL

leCC 0 = 1) = (14+)ate; 27213;27(& KJ)7 and wL CCg — 1) — (2+v)o;+_77022 4K], where
H,CC* (L a—(1-v2)e; =2y KT —207(1—2)(KF —KF) _f oo (Lya—(1-2)e;—2yK

D%y (0) = 2(2i,yg) 1= Dy (0=0) = 5= L and
L,CC* (L) a—(1-2)e;—2yKF

Di,l (‘9 = 1) = 2(2—2) z s te {1,2}

We note that w"“ (0 = 1) > w/;““ (0), w7 (0 = 1) > w7 (0), and w7 (0 = 1) >
L,CC*

w;q (0). This 1mplies that the retailer faces hlgher wholesale pmces7 while selhng fewer units of
product j as a result of j underproducing in the first stage. It follows that the retailer is strictly
worse off in the first stage given the possibility of producer j obfuscating; that is, Hgl(K JL ,0) >
H]LM(K jL, 6 = 1). An analogous comparison in the second stage reveals that the retailer’s present-
discounted expected profits under no obfuscation are higher than his profits under the obfuscation
setting, that is, I | (K[',0) + 6115 ,(K},0 = 0) > I, (K[, 0 = 1) 4 6117 5(K[,60). Figure 6
depicts the retailer’s total discounted profits, given both a low-type (left) and a high-type (right)
producer j. Since the retailer is made worse off as a result of obfuscation regardless of j’s realized

Low Type Producer j High Type Producer j

2 2

e e
‘g E ‘g E ,a"
g B e
g 2 g 2
= O = 0 .
< O < O No Obfuscation
- = »w
U o= U o=
A A === \Nith Obfuscation

13 0

Figure 6: Total Discounted Profits for the Retailer, Conditional on Producer j’s Type.

type, the retailer’s ex-ante expected profit, which is a convex combination of the two, is also lower
relative to the case with no obfuscation.

Channel Profits: The expression for present-discounted channel profits can be derived from the
individual player profits above. With a high-type producer j, under the no obfuscation setting, we
have

Profits in the First Stage

cc* H,CC* H cex H,CC*
HChannel,NO OBF = Hi,l (9) + H (9) + HR 1 (6)

+6 [0 (9—0)+HHCC (0= 0)+ 115 (6 = 0)]

Discounted Second-Stage Profits
Under Obfuscation, the discounted channel profits are:
Profits in the First Stage
nGe  wOBF = Wi (0=1)+T7 (0 =1)+ 157 (0 =1)
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+0 [I59C(0) + 57 (0) + 1155 (0)]

Discounted Second-Stage Profits
Substituting the relevant expressions in calculating the difference, leads to:

cer ceC*
HChannel,NO OBF HC’hannel,OBF

= 11— o+ -l (K - KF)
—40y(1 =) [(1+ ) — (1= e = 29K +0y(K ] - K])| (K - KF)
+4(4 = 39%) [a+ 96 — ¢ — (K[T + K])| (K[ - K})
+6 [407(1 = ) [(1+ ) = (1 = y%)ei = 9K+ oy(K[ - K]))] (KT - KF)
~(1 =) ) “3)

A sufficient condition for the above to be greater than or equal to zero is given by:

(4-372)2 [(@ — )% — &l — ¢ — KKY]
H 2 23 (2
Do O +v [204—20]- + e — 4K }ci+(4—3’y ) [ =) (e — )]
= 2 2(4— 372

L
J

It can also be readily seen from (43) that the necessary condition is weaker as either the prior 0
decreases and/or the discount factor § increases.

C Results Related to Section 5

C.1 Proof of Proposition 8

The upper bound on cy is given by the retailer’s profit gain relative to the no-obfuscation case. In
the case where producer j is constrained in equilibrium in the no-obfuscation setting, we have

= ng,-mgg
[ 2 H 2 H L
0y | (1=4A2-0) (K +<1+v><a—ci+vc@->(f<2j - KF)
- _ ~2)2
(2-12) ~29(1=+3)(1 = KK} — 07(1 - 42) (KF)

0 (L +7)(a—ci+7a) (KJH - Kf) +2v(1 =97 <(KJH)2 _KJHKJL>
e R | e (CORTS)

>0

as a — ¢; + v¢; > 0 is demand for either product if sold at producer i’s marginal production cost,
and because K JL is bounded above by K JH , the above is guaranteed to be non-negative.

To show the second portion of the proposition, we note that

oy _ Oy 1 1= 72)es + 29(1 — 0)(1 — A2V KH +240(1 — )KL | <0

aK.L__[Q—’YZ]Z{( +y)a— (1 =% +2v(1 = 0)(1 — )K" + 290(1 — 7% K] }—

J N——
<0

The term in square brackets is non-negative for a > ﬁci.
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In the case where producer j is unconstrained in equilibrium in the no-obfuscation case, we
have

07 [a(2+7) +7ei — (2 =77y — 2(4 = P))KF] -
(2+7) (16 +4y(2 — 0) — 492(1 4+ 0) —3(2 - 0)) a
—[8=~*(2+ 9%;(4 —373)] i + [(272(4 — 50) — v4(2 — 0) + 80)] ¢,

2N FrL
HUC* +207(4 —v%)(4 = 37%) K;

U _ qU*
Cv—HR

44 =722 4 =421+ 0]

as an upper bound on the amount the retailer is willing to spend to verify producer j’s capacity.
Similarly, for the second portion of the proposition, we have

el 9 —8(2+7)2(2-7)?2 (1+7)a J+8(2+7)%(2 =707 —¢j]
vo_ 7 —4(2+7)%(2 = 7)*(1 = 20)7” o + 7¢5]
0K} A4 -4 —2(1+0))? —4(4—392)(2 +7)2(2 — )2 [ OVEF —

>0

C.2 Proof of Proposition 9:

Let us consider the CC case; the UC case is solved analogously. Suppose the retailer commits

in advance to order ¢q € [O,K L] units from a producer j who sets a wholesale price less than

wf iCC(wglc (@) = a+ 'ngl (q) — 2K; H where j’s wholesale price is set to maximize his profit.

Producer j’s deviation profit, that is, hlS profit from producing ¢ when his capacity is K ]H , is given

by:

To successfully deter obfuscation, the retailer must choose a quantity ¢ such that H (K 70y —
Hfl( ,0) — 5[ ij(KJH,l) — ij(KJH,O)} > 0; that is, an output level such that producer j’s
expected profit when producing according to his true capacity exceeds his deviation profit including

any second-stage gains from obfuscation. To show that a range of such quantities always exists,
consider the case where § = 1 and the retailer sets ¢ = 0. We need:

H][':Il (q’ 9) =

(1+v)a+ci—27Kf+29v(Kﬁ—q)] )
2 —2
2—y

T (KT, 0) = 1% (0,0) = 6 [Tf5(K T, 1) — (KT, 0)]

_ 217 (2 + a6 — (2= 72)e; — 4K 2925 - 0)(KJ — k)] >0,

which is indeed satisfied from producer j’s participation constraint (wholesale price exceeds marginal
cost). By continuity, there exists a quantity level ¢®(6 = 1) > 0 such that for all ¢ € [0, ¢%*], pro-
ducer j will not underproduce. Since second-stage gains from obfuscation are highest under § = 1,
it follows that there exists ¢f*(§) for any & € [0, 1).

Consider the retailer’s policy of deterring obfuscation by ordering a quantity gr < KF¥ from an
apparent low-capacity producer j. Then by deterring producer j from underproducing in the first
stage, the retailer’s expected profit changes by

(1-6) [IETC(0) ~1RT7 (6 = 1) + (175 (0 = 0) ~ET(0))]  —

Retailer’s gain from deterring obfuscation given a high-type producer j
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,CcC ,CcC ,CC ,CcC
0 [Igr°%(0) — 90 = 1) + 60 = 1) - RS (0))]

Retailer’s net gain/loss from countering obfuscation by ordering ¢r<k* units in the first stage

Since the first bracketed term is positive by Proposition 7, it follows that there exists a threshold

on the prior belief regarding producer j’s type, 6(d), such that for all § € [0,0(5)] the retailer is
better off committing ex ante to purchasing gr units from an apparent low-capacity producer j in
the first stage; that is, the retailer is better off committing to deter obfuscation through output
reduction.
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