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For many information goods, longer publication cycles are more economical, but often result in less timely |
and, therefore, less valuable ] information. While the digitalization of publication processes reduced xed
publication costs, making shorter publication cycles (or batches of information) more economically viable,
competing rms adapted their publication cycle di erently: Whereas some of them publish more frequently,
others publish less frequently. In this paper, we build a game-theoretic model to determine how, in a duopoly,
information providers should choose their publication cycles and prices under competition. We nd that
when the rms are ex-ante identical, they choose di erent publication frequencies in equilibrium. While a
reduction in the xed cost of publication yields shorter publication cycles, it may also intensify the competi-
tive dynamics, which lead rms to di erentiate their publication cycles further, especially when information
is either very ephemeral or timeless. When publishers have access to su ciently di erentiated content, digi-
talization additionally creates an incentive for publishers to move toward independent publishing. Given the

rst-mover advantages of publishing at high frequency, our analysis informs publishers to take a proactive

approach to digitalization and adapt their publication frequency accordingly.
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1. Introduction

How frequently an information good should be published is a key operational decision
faced by many publishers across industries (e.g., news, entertainment, nancial, weather).
At the core of that decision lies a fundamental trade-o between economies of scale in
publication and information obsolescence. As an example, consider a travel guidebook,
such as Lonely Planet or Fodor’s. Between two successive editions, some information about
the listed attractions (e.g., addresses, opening hours) may change, making the guidebook
less relevant. To counteract that obsolescence, the guidebook could be published more
frequently, but at the expense of a higher publication and distribution cost.

This trade-o is resolved di erently by di erent publishers. Guidebooks often coex-
ist with travel websites; nancial institutions o er services both in real time and with a
delay (Shapiro and Varian 1998); The Economist publishes news weekly, while The New
York Times does so daily; editions of encyclopedia Britannica appear every decade, unlike
Wikipedia, which is updated almost continuously; Disney+ releases new content once a
week, whereas YouTube publishes 500 hours of new content every minute (Thompson

2021); and web novels are typically updated daily (Hong 2017), unlike printed novels, which
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are released in bulk. Hence, within the same industry, di erent publishers adopt di erent
publication cycles, or \clockspeeds," which contribute to di erentiating their o erings. In
this paper, we study how competing information providers should batch their information
content and pace their publication cycles.

An information provider’s publication cycle ] or batching ] decision is naturally depen-
dent on the magnitude of the publication cost, the time sensitivity of the information, and
the degree of content di erentiation. Over the last decades, publication costs signi cantly
decreased with the digitalization of the publication and distribution processes (e.g., web-
site, streaming platforms; see Doyle 2013), making more frequent publishing economically
viable (Meyer 2010). For instance, since 2008, Google Finance has o ered real-time NYSE
ticker updates in place of quotes that were delayed by 15 minutes, rendering its service
more valuable to time-sensitive trades (Lowensohn 2018).

Yet, not every publisher chooses to operate more frequently. For instance, Les Inrockupt-
ibles, a cultural magazine, recently switched from a weekly to monthly release. According
to the magazine’s CEO, \out-of-series and special issues, which remain in press shops for
longer periods of time, are selling better. This motivated the switch to a monthly fre-
quency" (Bernard and Patri 2021). Similarly, China Business News Weekly (CBN) opted
to switch from weekly to monthly frequency and changed its focus from purely transmitting
information to carrying in-depth content (Jiang 2018).

Digitalization also opened up new distribution channels and led to the development of
independent publishing (e.g., Substack, Reddit, TikTok, YouTube). While the development
of independent publishing is typically attributed to the wider geographical reach of digital
channels, which makes it economically viable to o er niche content to heterogeneous cus-
tomers (Evans and Wurster 1997, Doyle 2013), can it also be explained by the publishing
competitive dynamics, even when customers have homogeneous tastes?

To be sure, there is a large literature on competition with batching | mostly based on
the Economic Order Quantity (EOQ) model (Cachon and Harker 2002, Bernstein and Fed-
ergruen 2003) J but its focus is on physical, and not information, goods. Information goods
di er from physical goods along two dimensions: First, there is no inventory holding cost
borne by the rm; second, the value of information decays over time, a ecting demand
(Caro and Mart nez-de-Albeniz 2020). As a result, the current literature o ers little guid-

ance to information providers for setting their publication cycles under competition.
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As a rst step toward that objective, in this paper, we study the competitive dynamics
that arise between two ex-ante identical information publishers.! We focus on their publish-
ing (or batching) decision, which usually comes on top of content generation, capture, and
curation (Karmarkar and Apte 2007). We assume that rms rst simultaneously choose
their publication cycles and then compete on price.

To isolate the e ect of publishing, we assume that the providers have access to the
same information content, which has a constant in ow and decays linearly over time.? We
consider a representative set of customers who, given the publication cycles and prices of
the information products, optimize their consumption portfolios to maximize their surplus.

As is common to information goods, every publication comes with a xed setup cost per
publication (including the packaging, marketing, and distribution) and zero marginal cost
of distribution (Jones and Mendelson 2011). We conceptualize the process of digitalization
as a reduction in the xed (setup) publication costs, ignoring other aspects (e.g., easier
access to information or wider market reach).

Then, we extend the base model to consider situations where rms have partially dif-
ferentiated content, di erent xed publication costs, or di erent information decay rates.
Still considering homogeneous customers, we model content di erentiation by assuming
that each rm’s product contains some fraction of exclusive content.

Within this context, we investigate the following questions:

e How frequently should information providers publish content under competition? Are

there rst-mover advantages in choosing publication cycles?

e How should information providers adapt their batching strategy to a reduction in
the xed (setup) publication cost, e.g., due to the digitalization of publication and
distribution processes? Does digitalization lift all boats, i.e., make everybody win?

e How does partial content di erentiation a ect the nature of the publication cycle
equilibrium and its dynamics following a reduction in the xed publication cost?

e How does asymmetry in xed publication costs or information timeliness a ect the

equilibrium cycles and pro ts?

! Although the duopoly setting is considered here for tractability, it is relevant in many markets; e.g., local news were
traditionally o ered by one or two newspapers (George and Waldfogel 2006).

2Since rms o er the same content, there is no room for content-based horizontal di erentiation (Hotelling 1990).
This is obviously a simpli cation of reality ] for instance, newspapers are often di erentiated along the political
spectrum [ but this allows us to isolate the e ect of publication cycle on competition.
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We obtain the following results. First, when rms are ex-ante identical, a pair of asym-
metric equilibria emerges, with rms choosing di erent publication frequencies. Moreover,
they publish at a lower frequency than monopolists. Maximum cycle di erentiation hap-
pens when information is either very ephemeral or timeless, but not in the intermediate
range. This explains why we observe greater cycle di erentiation in entertainment (e.g.,
YouTube vs. Disney+) than in news (e.g., The New York Times vs. The Economist), for
instance. Moreover, the fastest publisher earns more pro t than the slowest, so there are

rst-mover advantages of choosing a fast publication cycle.

Second, a reduction in the xed cost of publication (e.g., driven by digitalization) creates
two opposing forces. On the one hand, it induces shorter publication batches, due to
diminishing economies of scale (as in the EOQ model). On the other hand, it may intensify
the competitive dynamics, forcing rms to further di erentiate their publication cycles.
In particular, when the xed cost is zero, the level of publication cycle di erentiation
is (locally) the highest. These two forces lead to non-monotone e ects when the xed
publication cost decreases: While the fastest publisher always publishes more frequently,
the slowest one may publish more frequently if the xed cost is large and less frequently if
it is small, which may explain the decision by Les Inrockuptibles or CBN to publish at a
lower frequency. Furthermore, digitalization leads to some winners, but also, potentially,
to some losers: While the fastest publisher always bene ts from a reduction in the xed
publication cost, the slowest publisher might su er from it.

Third, a cycle-based di erentiated duopoly is more prevalent with lower levels of content
di erentiation. If content is su ciently di erentiated, publishers choose the same pace of
publication and operate as local monopolies on their fraction of di erentiated content |
some form of monopolistic competition (Chamberlin 1933). Moreover, a reduction in the

xed setup cost may lead to an equilibrium shift from a cycle-based di erentiated duopoly
to content-based monopolistic competition, and this shift is moderated by the degree of
time-sensitivity of information. This result supports the fast growth of independent publish-
ers on online platforms o ering di erentiated content (e.g., Substack, YouTube), relative
to channels that o er more similar content (e.g., news, nancial information), which di er
primarily on their publication cycles.

Fourth, we nd that a publisher always bene ts from a reduction in its own xed cost

of production (e.g., by migrating its content online) or in its information decay rate (e.g.,
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by making its content more timeless), unlike the other publisher, who su ers from it. The
levels of product quality (measured as information timeliness) turn out to be strategic
substitutes; so, if one rm improves the quality of its product (either by publishing it more
frequently, due to a reduction in its xed cost, or by making its content less subject to
decay), the other rm degrades its quality by publishing at a lower frequency.

The structure of the paper is as follows. In §2, we review the related literature and
delineate our contribution. In §3, we model the choice of publication cycle and pricing
as a two-stage game and present the analysis for publishers that are ex-ante identical. In
§4, we characterize the equilibrium for duopolies di erentiated in content, xed cost of
publication, and time sensitivity. In §5, we discuss the results and the limitations of our

analysis. All proofs are provided in an electronic companion.

2. Literature Review
Our study contributes to three streams of literature: time-based competition, quality choice
and vertical di erentiation, and the management of information provision and publishing.
Because batching a ects the product value, our work relates to the growing research
on time-based competition (Blackburn 1991). The early literature on that topic focused
on throughput time in a manufacturing (Just In Time) or service context (De Vany and
Saving 1983, Lederer and Li 1997, Allon and Federgruen 2007). More recently, this litera-
ture has considered other time dimensions, such as time between the releases of successive
generations of a product (Lobel et al. 2016, Barriola and Mart nez-de-Albeniz 2021), assort-
ment rotation cycle time (Caro and Mart nez-de-Albeniz 2012, Bernstein and Mart nez-
de-Albeniz 2017), and, for information providers, time between successive updates of a
database (Anant and Karmarkar 2007) and release time of new content (Choi 2015). In
most of this literature, customers batch their purchasing decisions because search costs
prevent them from continuously visiting stores (Bernstein and Mart nez-de-Albeniz 2017)
or because their utility from consuming a product gradually declines over time (Barriola
and Mart nez-de-Albeniz 2021), e.g., due to satiation (Caro and Mart nez-de-Albeniz 2012,
Ferreira and Goh 2021) or technological obsolescence (Lobel et al. 2016). In contrast, here
we study a situation where batching is driven by supply considerations, as in the tradi-
tional EOQ model (Cachon and Harker 2002, Bernstein and Federgruen 2003), with a focus
on information, and not physical goods, which are not associated with holding costs | but

which value decays over time, as in Anant and Karmarkar (2007) and Choi (2015).
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Since more frequent publications lead to the release of more timely information, the
publication cycle decision relates to quality choice in product design and vertical di eren-
tiation. In a seminal paper, Moorthy (1988, p. 164) highlights that \a rm’s equilibrium
product strategy (quality) is the result of two opposing forces, one bringing the rms closer,
the other moving them apart.” Extending Moorthy (1988), Motta (1993) and Lehmann-
Grube (1997) consider di erent competition formats, and Jones and Mendelson (2011)
consider information goods. One common assumption in these papers is that customers
buy, at most, one product and the choice of quality results in market segmentation. In
contrast, we operationalize quality as publication frequency, which makes it possible for
customers to purchase a portfolio of products. When customers are allowed to buy more
than one product, it might be optimal for a monopolist to introduce multiple versions of
a product (Calzada and Valletti 2012), and a market with homogeneous customers, which
we consider here, may be pro table. Much like Moorthy (1988), we uncover two opposing
forces in the equilibrium choice of product cycles. However, we nd that the quality levels
chosen by the duopolists are both lower than in a monopoly, in contrast to this literature,
which nds that, under uniform customer valuations, quality levels are driven apart from
the monopoly benchmark. As another extension of Moorthy (1988), Netessine and Tay-
lor (2007) show how a monopolist’s optimal product line design is a ected by production
setup costs and inventory accumulation. Our paper adds to their analysis by considering
the e ect of competition with a speci ¢ focus on information goods.

Finally, our work relates the research on the management of information provision
and publishing. A large body of literature in economics characterizes the network e ects
between newspaper readers and advertisers in a \one newspaper-town" setup. They show
that the economies of scale (Rosse 1967) and the positive-feedback loop between adver-
tisers and customers (Bucklin et al. 1989, Blair and Romano 1993, and Dertouzos and
Trautman 1990) result in an inevitable shift to local monopolies in the newspaper indus-
try. A handful of papers study the e ect of competition on advertising (Gabszewicz et al.
2001, Armstrong 2006, Rochet and Tirole 2003) but do not consider publication cycles
as a dimension of di erentiation. Besides advertising, information providers’ operational
decisions include fundraising (Kind et al. 2009), content creation (Sun and Zhu 2013),
dynamic content allocation (Bernstein et al. 2021), content sizing (Anant and Karmarkar
2007), and content batching and release (Choi 2015, Caro and Mart nez-de-Albeniz 2020).
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Our paper enriches this growing stream of literature by exploring the role of publication

cycles as another operational lever and its e ect on competitive dynamics.

3. Base Case: Symmetric Firms

We consider a market with two ex-ante identical information providers who have access
to the same content and periodically publish an information good over an in nite time
horizon. The market, which size is normalized to one, consists of homogeneous customers
who optimize their consumption to maximize their surplus.

Publication frequency decisions are often more strategic than pricing decisions. Accord-
ingly, we assume that rms choose, rst, their publication cycles simultaneously and non-
cooperatively and then, their prices (again, simultaneously and non-cooperatively).

Section 3.1 introduces the model. As a benchmark, we consider the case of a monopoly
in §3.2. We then characterize the competitive equilibrium in §3.3. We characterize how the
equilibrium varies as a function of the timeliness of information provided in §3.4 and a

reduction in the xed publication cost in §3.5.

3.1. Model
We rst introduce the supply and the demand sides, and then formulate the pricing and
the publishing games.

Supply. Publishers obtain information at a constant rate, normalized to 1 bit/period. As
is commonly assumed for perishable goods and information goods (Anant and Karmarkar
2007, Choi 2015, Caro and Mart nez-de-Albeniz 2020), information continuously decays
over time. Here, we assume a linear decay at a rate o > 0 (expressed in bits/period?),
which measures the information time sensitivity. For instance, nancial news is associated
with a high decay rate, whereas cultural magazines and movies are associated with a low
decay rate. At any point in time, the amount of information that decays cannot exceed the
information in ow. Thus, the cumulative amount of undecayed information initially grows
over time as the in ow exceeds the out ow and then reaches a steady state; see Figure 1.

Speci cally, the net amount of information accumulated over = periods, denoted by ¢(7),

equals:
o r(L-gr) rsd
q(7) :/ 1—min{l,at}dt= . D
0 Zl T> 1
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Figure 1 = Cumulative amount of information inflow, outflow, undecayed information ¢(7) in absolute units (left);

and undecayed information averaged over the time v(7,1) (right).
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We focus on stationary policies. Let » denote a rm’s publication cycle (or batch of infor-
mation) duration and ¢ be the fraction of the publication cycle during which customers
have not received information from other sources. For instance, if a rm publishes weekly
(u =7 days) every Sunday, but the customers purchase a daily newspaper on Mondays,
Tuesdays, and Wednesdays,® the fraction of new content associated with the weekly peri-
odical is ¢ =4/7. Accordingly, the net amount of information collected over ¢u periods,

averaged over the publication cycle u, equals
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Each issuance incurs a xed cost k£ >0 (in $), associated with its publishing, marketing,
and distribution, but zero marginal cost, as is commonly assumed for information goods
(Jones and Mendelson 2011) | an assumption that has also been empirically validated by
Rosse (1967) and Wagner (1981). Therefore, the publisher’s batching decision needs to
trade o the xed (setup) publication cost against information decay. Throughout our
analysis, we assume that « - k£ < 0.5, which guarantees that a monopolist makes positive
pro t (see §3.2). Let » denote the time-average publication price; for instance, if a weekly
publication costs $10, » =$10/7 per day.

Let u = (uy,uy) and r = (ry,7;,), with u; and r; denoting Firm 4’s publication cycle and

time-average price, for i € {1,2}. Similar to Barriola and Mart nez-de-Albeniz (2021), and

3 If customers purchase both the weekly and a fraction of dailies, it is optimal for them to purchase the dailies in
sequence, published just after the release of the weekly. We assume that optimal purchasing pattern throughout.
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in the same spirit as multi-echelon inventory policies (Roundy 1985), we consider cyclic

policies; that is, we restrict the rms’ publication cycles to be integer multiple of each

max{uy,us2}
! min{u1 ,ug}

other, i.e. € N, and assume that publications are synchronized every max{u,u,}
periods; for instance, both rms publish at time 0. Without loss of generality, we refer to
Firm 1 as the fastest publisher, i.e., u; < u,, in the consumers’ consumption problem and
the pricing game. To simplify the exposition, we sometimes refer to the fastest product as
a \daily" and the slowest one as a \weekly," though wu;/u, is not necessarily equal to 7.
Demand. Since the contents are undi erentiated, the market can be aggregated into a set
of homogeneous customers who optimize their consumption over an undiscounted in nite
time horizon (Chamberlin 1933, Caro and Mart nez-de-Albeniz 2012). The information
good is consumed immediately after it is purchased and is proportionally valued to the
net amount of information it contains. We normalize customer valuations, so that one
bit of information is worth $1. The customers have no capacity constraint limiting their
consumption. Thus, they can opt to buy daily news every day or can wait for a weekly
to come out to consume an entire week’s news altogether, although some of it would
have been obsolete by the time of consumption. Alternatively, the customers can use any
combination of dailies and the weekly; indeed, European newspaper readers often buy
more than one product (Statistica 2020b) and make several purchases a week (Statistica
2020a). Accordingly, the customers’ time-average utility from consuming a fraction d €

D:={i- Z—;|i =0,1,..., Z—j} of dailies and w € {0,1} weekly per weekly cycle is
U(d,wir,u) =d-(v(ug,1) —r) +w-(v(uz,1—d)—r2). (3)

Given publication cycles u and prices r, the customers’ optimal consumption portfolios

solve the following problem:

(d*(r,u),w"(r,u)) = argmax U(d,w;r,u). (4)

deD,we{0,1}

In case two product portfolios achieve the same utility, we select, as a tie-breaking rule,
the one that contains the weekly, and, among those that achieve the same utility with the

weekly, the one that contains the largest number of dailies.
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3.2. Monopoly

Before analyzing the competitive equilibrium, we rst consider, as a benchmark, a single-
product monopolist who operates with publication cycle u and price . (Throughout this
section, we use superscript ‘m’ to refer to this case.) The customers’ time-average utility

from consuming the product is
U™(u,r) =v(u,1) —r. (5)

Hence, customers buy the product if and only if » < v(u,1). Accordingly, given a publication

cycle u, the monopolist’s time-average pro tis

|

. r—+ r<ov(u,l)
(ru) = (6)
O—% r>v(u,l).
Given u, the monopolist prices at r"(u) = argmax, "(r;u) = v(u,1) —5 to maximize
its pro t. Accordingly, the monopolist chooses its optimal publication cycle by solving
u™=argmax, v(u,1) — £ = /2 Let 7 := ™(r™ u™) denote the optimal pro t.

THEOREM 1. A monopolist publishes its good with cycle v™ = ,/% and sets its price
rm=1-— 0‘7’“ yielding time-average pro t 7™ =1 —+/2ak. Even if the monopolist had the

option to o er multiple products, it would o er only one product.

Like the EOQ model, where one trades 0 a xed cost against an inventory holding
cost, the monopolist chooses its publication cycle by trading o a xed setup cost against
information decay. Hence, the information decay rate « plays a similar role to the inventory
holding cost. Naturally, the monopolist’s optimal publication cycle is smaller when the xed
cost decreases or when information decays faster. Also, the monopolist’s optimal pro t is
completely determined by the product « - k. In particular, assuming that -k < 0.5 is a
necessary and su cient condition for the monopolist to make a positive pro t (under the
normalization that information is generated at a rate of 1 bit/period and that customers
value information at $1/bit). Finally, Theorem 1 shows that the monopolist could not

achieve a higher pro t by o ering multiple products.

3.3. Competitive Equilibrium
To characterize the competitive equilibrium, we solve the game backward, by rst consid-
ering the customers’ consumption problem, then the rms’ pricing problem, and nally

the rms’ publication frequency choices.
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Customer Choice. We sequentially solve the customers’ choice problem (4) by sep-
arating the consumption choice of weekly from that of dailies. Let d*(w;r,u) :=
argmax ., U(d, w;r,u). See Lemma EC.1 in the electronic companion.

For tractability, in our solution of the pricing game, we approximate d*(w;r,u) as a
continuous function whenever the customers buy some, but not all, dailies together with the

weekly. In these cases, which happen when w =1, 2202 >0 and U(1,1) <U (1 —u, 1) 4

the customers’ optimal quantities turn out tE) be identi able by the rst-order optimality
au j%,l;r,u

or . Accordingly, we use the following

conditions: d*(1;r,u) = arg minje{

u2
0,...,22

approximation:

BU(j%,l;r,u)
——

argmin_ . ifw=122CY >0and U(1,1 <U(l—ﬂ,1>,
d*(w;r,u) ;= g jelo.i2] gd = (1.1) 2

d*(w;r,u) otherwise.
(7)
Let w*(r,u) :=argmax,c1y U(d"(w;r,u), w;r,u) and d*(r,u) := &*(w*(r,u);r,u).
Pricing Game. Taking into account the customers’ choices, the competing publishers
simultaneously choose their prices. Given publication cycles u, and still denoting Firm 1
as the fastest publisher, the publishers’ time-average undiscounted pro ts are
1(7”1;7"2,11)=7‘1'd*(r,11)—£; 2(r2;r,u) =1 w'(r,u) — —. (8)
Uq Uz
It turns out that the rms’ best responses do not cross. Intuitively, rms will compete on
price a la Bertrand in order to capture the entire market (so that customers purchase only
all dailies or only the weekly). When the market price falls below a certain threshold, the
fast publisher will give up on the idea of capturing the entire market, and instead target
partial market coverage (so that customers purchase a fraction of dailies), enabling it to
raise its price. No longer facing price pressure, the slowest publisher will then also raise to
the highest pro table price, leading to another round of price war. Thus, there exists no
pure-strategy Nash equilibrium in the pricing game.
However, there exists a mixed-strategy Nash equilibrium, which can be interpreted as
inter-temporal price dispersion, e.g., through random promotions or sales (Varian 1980).

See Lemma EC.2 in the electronic companion. For any ¢ € {1,2}, we denote by F;(-) Firm

4 Note that we preserve the discontinuous character of d*(w;r,u) near the upper end of D. Otherwise, Firm 1 would
be given a disadvantage to capture the whole market, distorting the nature of the equilibrium in the case with
di erentiated content studied in §4.
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i’s pricing cumulative distribution function de ned on support S;,. A pair of supports
(S1, S2) together with the corresponding cumulative distributions (Fi(-), F>(-)) constitute
a mixed-strategy Nash equilibrium (Mas-Colell et al. 1995) if Vi € {1,2},

o Vr;eS;, (riF_;(:),u)= F(u) for some ;(u);

o Vri € S;, i(ri F_i(-),u) < (u);
where —i := 3 — refers to the rm other than i. In other words, Firm i solves the following
problem:

S;=argmax ,; (r; F_;(-),u) Vie{l,2}. 9)

Let m;(u;;u_y) = 7(u), Vi € {1,2}, denote Firm ¢’s equilibrium pro t in the pricing
game.

Publishing Game. Anticipating their equilibrium pro ts in the pricing game m;(u;; u_;),
the rms simultaneously choose their publication cycles to maximize their pro ts. Given

max{ui,u2}

€N, either uy = up or 224} > 5 To obtain closed-form expressions of the

min{ul,uz} min{uivug} -
equilibrium publication cycle best responses, we relax the constraint that —ﬁf‘:{{ﬁfg}} eN
and consider only the latter implications, resulting in the following game:

ul = arg max mi(u;uty) Vie{l,2}. (10)

max {ug,u* }

u; >0: >2ifu;7u’

This game turns out to have two asymmetric pure-strategy Nash equilibria.
THEOREM 2. There exists a unique pair of asymmetric equilibria in the publishing game

(10). Denoting Firm 1 as the fastest publisher in equilibrium, the equilibrium publication

cycles solve:

aus -1 2 2a(1 — 200k)

. 2ku} . (\/604147 +1+ 2) (2 — auy)

Uy

(11)
Moreover, m; > 5.

Even though (or because) rms are ex-ante identical, they choose to di erentiate their
publication cycles to avoid a price war. Since auj < 1, Product 1’s information accu-
mulation process (1) has not reached a steady state before its release, unlike Product 2
(auy > 1).

Since the rms’ best responses are downward-sloping, their publication cycles, i.e., their

product quality levels (measured as information timeliness), are strategic substitutes. We
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will demonstrate the robustness of this insight when rms have asymmetric xed costs
(§84.2) or asymmetric decay rates (§4.3).

Using the monopoly benchmark enables us to disentangle the forces underlying the
duopolists’ equilibrium publication cycles (11). Their best-response functions can be
decomposed into two components: one re ecting the xed-cost e ect and the other re ect-
ing the competition e ect. For uj, we de ne the xed-coste ectat the monopolist’s optimal
cycle. For u;, we factor the xed-coste ect, so that it tends to one when k — 0. Speci cally,

u2 s = 32— auj) Vbak+1+2 12
-1 /a \/ - 2 ©3(1—2ak) (12)
~—_———

xed cost e ect competltlon e ect

competltlon e ect xed-cost e ect

Accordingly, the equilibrium choices of publication cycles are the result of two opposing
forces: (i) the desire to set the publication frequency at the monopoly level, and (ii) the need
to be apart from each other to ease the competition. This is akin to quality di erentiation
models (Moorthy 1988).

Next, we compare the equilibrium publication cycles (11) to their monopoly benchmark.

ProrosiTION 1. The publication cycles are longer in a duopoly than in a monopoly:
uy >uy >u.

Proposition 1 reveals that competition leads to less frequent publications, i.e., the provi-
sion of less timely information. This is because competition dilutes market shares, which
creates stronger economies of scale, engendering larger batches of information than in
a monopoly. This kind of distortion is reminiscent of Moorthy (1988), who shows that
competition pushes rms to choose di erent quality levels. But here they are both lower
(lower publication frequency) than in the monopoly case, unlike generic models of vertical
di erentiation with heterogeneous customers (Lehmann-Grube 1997).

Finally, because 77 > 73, rms have an incentive to signal that they would publish more
frequently than their rivals, i.e., there are rst-mover advantages of publishing at high
frequency.

3.4. Information Timeliness
Is publication cycle di erentiation more salient in industries that provide more or less
timely information? The next proposition shows that maximum cycle di erentiation hap-

pens when the information is either very ephemeral (i.e., very large «) or timeless (very
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small ). When the information decays quicker, the fastest publisher operates under shorter
cycles (similar to a monopolist, see Theorem 1), but the slowest publisher may actually
operate under either shorter or longer cycles. The characterization of the slowest pub-
lisher’s equilibrium frequency involves two thresholds, « and @, which turn out to be very

close to each other (speci cally, we can show that @ — a < 0'0%).

PROPOSITION 2 (Information Timeliness). o The ratio of publication cycles
(u%/u;) decreases in o when o < & and increases when « > « for some a > & > 0.

e Firm 1 publishes more frequently as « increases; in particular, u; — oo when o« — 0
and uj — 2k when o« — 0.5/k;

e Firm 2 publishes more frequently as « increases when a < «, and less frequently when
a > @, for some thresholds 0 < a <@ < 0.5/k; in particular, u; — oo when either o — 0
or « —0.5/k.

Figure 2 Equilibrium publication cycles and the corresponding ratios as a function of «
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Note. In both plots, £ =1.

Consider the case where o < min{&,«}.> Proposition 2 indicates that industries that
provide more ephemeral information (i.e., greater «) are associated with more frequent
publications and lower cycle di erentiation. To illustrate this point, consider the following
four industries, ranked from the least to the most timely: encyclopedias, entertainment,
news, and stock market information. Table 1 presents examples of the fastest and slowest

information providers in each industry. Consistent with Proposition 2, we observe that, as

5 This case is the most relevant in competitive settings. In the other case, i.e., when the information decay rate o
is high, the pro t potential is low (Theorem 1); as a result, providers of very ephemeral information (e.g., weather,
disruption report) often operate as natural monopolies or need to be publicly subsidized (Byrne 2012, Frijters and
Velamuri 2010).
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Table 1 Example of the fastest and slowest publishers in select industries.

Industry Fastest Publisher Slowest Publisher
Example Publishing Frequency Example Publishing Frequency
Encyclopedias Wikipedia Months Britannica Decades
Entertainment YouTube Days Disney Months
News CNN.com Hours The New York Times Days
Stock Market Bloomberg Terminal Seconds Bloomberg TV Minutes

Note: The publishing frequency is meant to be representative, not exact. For instance, in 2020, the time between every 10
million edits on the English Wikipedia was 54 days (https://en.wikipedia.org/wiki/Wikipedia:Time_Between_Edits, accessed
on December 6, 2021).

information becomes more timely, the fastest publisher operates more frequently, and there
is smaller cycle di erentiation between the fastest and the slowest publishers. There are of
course other factors that can explain these di erent industries’ publishing frequencies and
degrees of di erentiation (such as the rate of information accumulation and the level of
content di erentiation), but our base model, which assumes ex-ante identical publishers,

is consistent with these observed patterns.

3.5. Digitalization

Next, we study how the equilibrium publication cycles and pro ts are a ected by changes
in the xed publication cost, e.g., driven by the digitalization of their processes. Our rst
result establishes that, following a reduction in the xed publication cost k, the fastest
publisher will publish more frequently (similar to the EOQ model), unlike the slowest
publisher. The proposition introduces two thresholds, & and &, which turn out to be very

close to each other (speci cally, we can show that k& — k < O'gﬂ).

ProprosITION 3 (Fixed Publication Cost). When the xed publication cost k&
decreases, in equilibrium,
e Firm 1 publishes more frequently;
e Firm 2 publishes less frequently when k < k and more frequently when & > &, for some
thresholds 0 < k <k < 0.5/«c.

The left panel of Figure 3 illustrates Proposition 3. Recall from (12) that the rm’s best
responses are the results of two forces: a competition e ect and a xed-cost e ect. For
Firm 1, the xed-cost e ect dominates the competition-e ect coe cient, which remains
bounded, lying between 1 and /2 (since u} > 2/a by Lemma EC.6). As a result, Firm 1’s

equilibrium cycle is monotonically increasing in k, similar to a monopolist (Theorem 1).


https://en.wikipedia.org/wiki/Wikipedia:Time_Between_Edits
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Figure 3 Equilibrium publication cycles as a function of k&
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Note. In both plots, « =0.1. For readability, we consider di erent ranges of values for k since u5 — oo when ak — 0.5.

In contrast, Firm 2’s equilibrium cycle needs to balance the competition and xed-
cost e ects, which relative strengths vary with k, resulting in a non-monotone behavior.
Speci cally, the xed-cost e ect dominates, making w3 increase in k, when k is large;
whereas the competitive e ect dominates, making 3 decrease in k, when & is small. As
a result, the cycle di erentiation u3/uj, illustrated in the right panel of Figure 3, reaches
a local maximum when & is very small. Therefore, a reduction in xed publication costs
(e.g., driven by digitalization) may not necessarily yield more frequent publications across
an entire industry, as illustrated by the cases of Les Inrockuptibles and CBN discussed in
§1.

We know that a monopolist always bene ts from a setup cost reduction (Theorem 1),
but is that the case in a competitive equilibrium? The next proposition shows that again
the fastest publisher behaves like a monopolist, in the sense that its equilibrium pro t
decreases in k. In contrast, the slowest publisher’s pro t is, in general, non-monotone. See
Figure 4. The proposition expresses the pro t comparative statics in terms of « - k.

PropPOSITION 4 (Profits). When ak decreases,

e Firm 1’s pro t 7§ monotonically increases from 77 — 0 when ak — 0.5 to 7 —  when
ak —0;

e Firm 2’s pro t 77 monotonically decreases when ak < ¢, for some ¢ > 0; moreover,

73 — 0 when ak — 0.5 and 73 — % when ak — 0.

Hence, a reduction in xed publication costs creates some winners and, potentially,
some losers: While the fastest publisher always bene ts from an industry-wide setup cost

reduction, the slowest publisher prefers operating at intermediate levels of the setup cost



Chen and Roels: Competing on Publication Frequency
Article submitted to ; manuscript no. 17

Figure 4 Equilibrium profits as a function of k&
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since its pro t is increasing in k when k < ¢/«, for some ¢ > 0 and tends to zero when
ak — 0.5. Digitalization does not make all boats rise: In the U.S., while the total sales of
the top four newspaper publishers increased by 1.3% from 2012 to 2017, those of the top
four magazine publishers decreased by 9.0% (U.S. Census Bureau 2012, 2017).

4. Extensions: Asymmetric Firms
In this section, we extend our base model of ex-ante identical rms by sequentially con-
sidering publishers with partially di erentiated contents, di erent xed publication costs,

and di erent time sensitivity.

4.1. Publishers with Partially Differentiated Contents
So far, we have assumed that rms provided the same information to isolate the e ect of
publication cycles as a source of di erentiation. Although this is relevant to some industries
where information is standard (e.g., nance, weather), other industries are prone to content
di erentiation. To capture that dimension, we assume the products o ered by the duopoly
contain a fraction 3 of shared content and 1 — § of exclusive content. Since customers are
assumed to be homogeneous, the type of exclusive content that is o ered is irrelevant to
our discussion. When g =1, the model reduces to our base case. When 5 =0, both rms
o er only exclusive content and, thus, can act as monopolists as characterized in §3.2. In
that case, they will not di erentiate their publication cycles and will publish at the same
frequency u™.

In this section, we investigate the intermediate cases of partial di erentiation 0 < g < 1.
As a we will soon show, and consistent with the extreme cases 3 € {0,1}, two types of out-

comes emerge in equilibrium: (i) content-based monopolistic competition (referred to with a
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superscript 3,1), in which both rms operate under the same publication cycle, competing
a la Bertrand on the common content and acting as monopolists on their exclusive content
and (ii) a cycle-based di erentiated duopoly (referred to with a superscript (3,2), in which

rms di erentiate their publication cycles, capturing value on both their common and the
exclusive content.

We rst extend (3) to the case with a g-fraction of common content. In that case,
denoting Firm 1 as the fastest publisher, the customers’ time-average utility with purchase
portfolios (d,w) for any given publication cycles u and prices r is:

U (d, wiu,r) = d (v(u,1) = 1) +w (Bo(uz, 1 = d) + (1= B)v(uz, 1) =r2). (13)

Unlike (3), the customers might derive positive value from buying both products each time
they are released, due to the presence of exclusive content.

Similar to the base case, we rst solve the customers’ consumption optimization problem
(4) with UP(d,w;u,r) de ned as (13); then approximate the number of consumed dailies
d as continuous as in (7); solve the pricing game (9), which can now have either a pure or
mixed-strategy equilibrium; and nally consider the publishing game (10). This leads to
the following publishing equilibria.

THEOREM 3. When the publishers share a fraction g of the same content, the publishing
game (10) has the following equilibria:

e When 0 < 8 <min{3,t,(ak)}, there exists a unique equilibrium with publication cycles

ﬁ?l — 671 — Zk
U1" — Uy — —Ba"

e When 5 > t1(ak), there exists a unique pair of asymmetric equilibria. Denoting Firm

1 as the fastest publisher in equilibrium, the equilibrium cycles solve:

52 = 2kuy? e 2 - auf) (Zﬁ +/B45+6ak — 3))
' aug? -1 7 208(1 — 2ak) :

Moreover, t1(ak) and t,(ak) are monotonically decreasing in ak.

Theorem 3 formally establishes the existence of the two types of equilibria and char-

acterizes the conditions under which they occur; see Figure 5 for an illustration.® On the

5 The functional forms for ¢;(ak) and t2(ck) are provided in (EC.56)-(EC.57) in the electronic companion. The
conditions de ning the boundaries, 8 < min{1/2,t2(ak)} and 3 > t1(ak), are su cient only. Thus, the regions where
the two types of equilibria emerge may be larger than as depicted in Figure 5. In particular, numerical analysis shows
that when g > 0.92, only the cycle-based di erentiated duopoly equilibrium can sustain for all ak. In the intermediate
region, i.e., when min{1/2,t2(ak)} < 8 < t1(ak), the rms’ best response functions cannot be expressed in closed
form, which is why we omit the equilibrium characterization.
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one hand, monopolistic competition arises when the information products are su ciently
di erent, i.e., when 5 is low, or when the industry potential pro t is high, i.e., when ak
is low. In that equilibrium, rms engage in a head-to-head competition on their shared
content by choosing the same publication cycle and the same price in a pure-strategy Nash
equilibrium, as if they were monopolists endowed with only (1 — 3) amount of exclusive
information. On the other hand, a cycle-based di erentiated duopoly emerges when the
information products share a large fraction of the same content, i.e., when j is high, or
when the industry potential pro tis low, i.e., when ak is high. In that case, rms di er-
entiate by choosing di erent cycles, as in the base case (§3.3). Hence, more monopolistic
behavior can be expected in industries with diversi ed content and high pro tability poten-
tial (e.g., independent publishing on Substack, Reddit, YouTube, or TikTok) than in those

with more common content and low pro tability potential (e.g., news reporting).

Figure 5 Equilibrium outcomes when products share 3 fraction of common content
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Theorem 3 and Figure 5 demonstrate another implication of the digitalization of pub-
lication processes. With partial content di erentiation, a decrease in the xed publication
cost £ may lead to an equilibrium switch from a cycle-based di erentiated duopoly to
monopolistic competition. Thus, the development of independent publishing (which is a
form of monopolistic competition) can arise even when customers have homogeneous tastes,
complementing the traditional argument based on the economic viability of o ering niche
content to heterogeneous customers (Evans and Wurster 1997, Doyle 2013), because of the

changes in the competitive dynamics due to digitalization.
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Next, we characterize how, within each equilibrium market structure, the publication
cycles change when products contain more exclusive content. We restrict our comparative

statics analysis to the set of equilibria that we have characterized.

ProprosITION 5 (Exclusive Contents). When the products contain more exclusive
content (smaller 3), denoting Firm 1 as the fastest publisher,
o If 3> t1(ck),
| Firm 1 publishes less frequently and Firm 2 publishes more frequently;
| Firm 1 earns less and Firm 2 earns more.
e If 5 <min {%,tz(ak)},
| Both rms publish more frequently;

| Both rms earn more pro t.

First, consider the case of a cycle-based di erentiated duopoly, which happens when
B > t1(ak). When more exclusive content is o ered, the rms feel less pressure to di eren-
tiate their publication cycles. Accordingly, Firm 1 publishes less frequently, whereas Firm
2 publishes more frequently. Hence, greater content di erentiation leads to less cycle dif-
ferentiation. Because the products’ cycles are more comparable, the customers purchase
fewer dailies, which hurts Firm 1’s pro t, while the customers are willing to pay more for
the weekly, which bene ts Firm 2. Numerically, we observe that, while Firm 2’s pro t only
increases marginally, Firm 1’s pro t decreases signi cantly. This suggests a divergence in
the quest for content di erentiation: While the slowest publisher (Firm 2) seeks to provide
more exclusive content, the fastest one (Firm 1) is happy to provide common content.

Next consider the case of monopolistic competition, which happens when 5 <
min{%,tz(ak)}. When more exclusive content is o ered, both players bene t. Hence, in
contrast to a cycle-based di erentiated duopoly, there is no divergence in the quest for
content di erentiation, as evidenced by the rise in prominence of some bloggers and the
development of fan subscription schemes on Facebook and Twitter for providers of exclu-

sive content (Silberling 2021, Kastrenakes 2021).

4.2. Publishers with Different Fixed Costs
In this section, we relax the assumption that rms have the same xed publication cost to

explore the changes in competitive dynamics when only one publisher manages to reduce
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its xed publication cost through digitalization of its publication processes. Throughout
this section, we refer to the equilibrium quantities with a superscript ‘k’.

Let k; be Firm ¢’s xed publication cost for i € {1,2}. Without loss of generality, assume
that k; < k. Unlike in the base case, publishers are no longer ex-ante identical, and Firm
1 has a cost advantage. If Firm 1’s cost advantage is not signi cant, there exists a pair of
equilibria, similar to the base case (Theorem 2). However, if its cost advantage is signi cant,
only the equilibrium where Firm 1 operates as the fastest publisher sustains.” The next
proposition characterizes the changes in equilibrium publication cycles and pro ts as a

result of a decrease in Firm i’s xed publication cost.

PROPOSITION 6 (Publisher-Specific Fixed Publication Costs). Suppose that k; <
k, and consider the equilibrium where Firm 1 publishes faster than Firm 2. For any i €
{1,2}, when Firm i’s xed publication cost k; decreases,

e u¥ decreases, u*; increases;

e ¥ increases, %, decreases.

Because the equilibrium cycles are strategic substitutes (Theorem 2), if a rm publishes
more frequently (due to a decrease in its xed publication cost), the other rm responds
by publishing less frequently, and vice versa.

Proposition 6 applies to either publisher. On the one hand, when the xed publication
cost of Firm 1 (the fastest publisher) decreases, u} decreases and w5 increases, which
creates a higher level of di erentiation. On the other hand, when Firm 2’s xed setup cost
decreases, u% increases and u} decreases, which results in less di erentiation. Therefore,
the cycle di erentiation is highest when k; is very small and k, is very large; and it is
lowest when £, is very large and k; is very small.

Naturally, the rm that experiences a reduction in its xed publication cost bene ts
from it, whereas the other rm is hurt because it becomes less competitive. Hence, rms
have an incentive to be the rst to digitalize their publication processes. This reinforces
our early observation on the rst-mover advantages of operating under short publication
cycles.

" For brevity, we prove only the existence of the latter equilibrium. The other equilibrium, where Firm 2 publishes

faster than Firm 1, can be shown to exist when ak, < UF3ekt)—vViteak, Vll”’""“
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4.3. Publishers with Different Time Sensitivity

We next extend the base model to account for publishers’ di erent time sensitivities, similar
to Caro and Mart nez-de-Albeniz (2012), who consider di erent levels of product satiation.
Although the publishers o er the same content, they may provide it in a more or less
timeless way by o ering additional commentary like Les Inrockuptibles or CBN.

For any i € {1,2}, we denote by «; Firm i’s product’s time sensitivity. Without loss
of generality, assume that «; < ap, so that Firm 1 has a value advantage. If Firm 1’s
value advantage is not signi cant, there exists a pair of equilibria, similar to the base case
(Theorem 2). However, if the value advantage is signi cant, only the equilibrium where
Firm 1 operates as the fastest publisher sustains.®2 The next proposition characterizes the

e ect of a single publisher’s change in its information decay rate.

PROPOSITION 7 (Publisher-Specific Information Decay Rates). Suppose that
a1 < ap and consider the equilibrium where Firm 1 publishes faster than Firm 2.
e When Firm 1’s information decay rate «; increases,
| Both Firm 1 and Firm 2 publish more frequently;
| Firm 1 makes less pro t, and Firm 2 makes more pro t.
e When Firm 2’s information decay rate «, increases,
| Firm 1 publishes more frequently;
| Firm 2 publishes more frequently when «; < &, for some threshold « > 0;

| Firm 1 makes more pro t, and Firm 2 makes less pro t.

Similar to a monopolist (Proposition 1), if Firm 1 experiences a reduction in its infor-
mation decay rate «, it publishes less frequently. In contrast, if Firm 2 experiences a
reduction in its information decay rate «y, its response may be non-monotone as a result
of two forces: namely, the economics of batching (which should lead to less frequent publi-
cations) and the need to di erentiate its product, similar to the decomposition presented
in (12). However, when Firm 2’s product’s decay rate is low, the economics of batching
dominate the competition e ect. This provides another explanation for the decision by Les
Inrockuptibles and CBN to shift to monthly releases || besides digitalization inferred from

Proposition 3 | by making their content more focused on in-depth stories.

& For brevity, we prove only the existence of the latter equilibrium. The other equilibrium, where Firm 2 publishes

faster than Firm 1, can be shown to exist when a; <4/3as and a1k < % ok 1
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A reduction in a product’s information decay rate improves the quality (information
timeliness) of the product. This quality improvement bene ts the rm that o ers this
product and hurts its competitor. Because quality levels are strategic substitutes (Theorem
2), the competitor responds by publishing less frequently, therefore degrading the quality

of its own product.

5. Conclusion

For many providers of information goods, choosing the right publication frequency is a
strategic decision. For a monopolist, this batching decision reduces to trading o pub-
lication costs with information obsolescence. But for competitors, publication frequency
can also be a source of product di erentiation: Within the same industry, some publishers
operate under short clocks, while others operate under longer ones.

Over the last few decades, the digitalization of publication processes has completely
transformed the economics of publication, not only by reducing the publication costs and
making economically viable frequent publishing, but also by intensifying the competitive
dynamics, which leads rms to further di erentiate their o ering. As of now, there is little
guidance for publishers to follow when choosing their publication frequency during these
turbulent times.

In this paper, we take a rst step toward understanding the publishing competitive
dynamics. We consider a stylized model of ex-ante identical publishers competing in a
duopoly. Firms simultaneously choose their publication frequency and then compete on
price. Content is undi erentiated, and the market consists of a homogeneous set of cus-
tomers who optimize their consumption portfolios to maximize their surplus. We charac-
terize the equilibrium publication cycles and pro ts and how they are a ected by changes
in the xed publication cost (either at the industry level or at only one publisher), changes
in the information time sensitivity (again, either at the industry level or at only one pub-
lisher), and, when content is partially di erentiated, changes in content exclusivity.

Our analysis highlights that the publication frequencies are strategic substitutes. In
equilibrium, a publisher balances the desire to operate at the monopoly-level frequency
and the need to di erentiate itself from its competitor, resulting in an asymmetric equilib-
rium (Theorem 2). Because of the overlap in content, competition makes it more expensive

to operate at a fast pace and, consequently, leads to less frequent publishing than in a
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monopoly (Proposition 1). The level of cycle di erentiation is the strongest when the infor-
mation is either very ephemeral or very timeless (Proposition 2). The need to di erentiate
product quality (measured as information timeliness) also arises when rms are asymmet-
ric, in terms of their xed costs of publication (Proposition 6) or information decay rates
(Proposition 7).

Content di erentiation reduces the need to di erentiate publishing cycles, especially if
the industry pro t potential is high (Theorem 3). Still, publishers o ering a large fraction
of similar content will not uniformly seek to di erentiate it, unlike in monopolistic compe-
tition: Whereas the slowest publisher bene ts from exclusive content, the fastest publisher
bene ts from sharing common content (Proposition 5).

While a reduction in the xed cost of publication (e.g., due to the digitalization of its
processes) yields shorter publication cycles, it may also intensify the competitive dynam-
ics, which may lead rms to di erentiate their publication cycles further (Proposition 3).
When publishers have access to su ciently di erentiated content, digitalization may fur-
ther lead to a change in the nature of competition, from a cycle-based di erentiated duopoly
equilibrium toward content-based monopolistic competition ] especially in industries with
diversi ed content and high pro t potential (Theorem 3).

We report the existence of rst-mover advantages in choosing to publish at high fre-
quency (Theorem 2) | and this is even more salient if the xed publication costs decrease,
not only at the rm level (Proposition 6), but also at the industry level (Proposition 3).
As more distribution channels become digitalized, our analysis recommends to publishers
to be proactive (i.e., be rst movers), and it informs them to adapt their response as a
function of the time sensitivity and exclusivity of their content.

Our stylized model focuses exclusively on the publication frequency decision, putting
aside decisions that revolve around content creation, capture, and curation. However, con-
tent can be tailored to di erent tastes, and publishers face a positioning decision (Hotelling
1990). In particular, digitalization widened the reach of some publishers (while we assume
a xed market size), which makes the provision of niche content economically viable (Evans
and Wurster 1997). Also, publishers can invest in di erentiating their content (e.g., inves-
tigative journalism) (Sun and Zhu 2013) or content in ow (which we assume to be identi-
cal), along with their publication cycle. We focused on pay-per-content pricing, but, in the

presence of customers with time-varying valuations, could also consider alternative pricing
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models (e.g., subscriptions). We also assume a stationary environment, but in practice, user
base e ects are important for publishers (Caro and Mart nez-de-Albeniz 2020), especially
if their main source of revenue comes from advertising (Gabszewicz et al. 2006). Finally, we
did not model customer access costs (Bernstein and Mart nez-de-Albeniz 2017); releasing
large batches of content (like Net ix does) is more customer-friendly, but ] consistent with
our decay model | may generate less value because it does not give enough time for critics
to review it and generate hype (like Disney does); see Thompson (2021). We hope that
future research will incorporate these features to bring greater realism and investigate the

interaction between content development and its publishing.
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Appendix: Proofs and Supplementary Results

EC.1. Monopolist
_our _ k U1_/

Proof of Theorem 1. The monopolist’s pro t function, v(u1,1) — ;= = Lzak e M 0 >1/a’ is con-
tinuous and pseudo-concave when ok < 0.5. Hence, the rst-order optlmallty “conditions are necessary and
su cient, yielding u7*. Now consider a multi-product monopolist who o ers n > 2 products indexed by
1€ {1,2 ...,n}, each incurring a xed publication cost k£ when released. Label the products such that u; <
Ug < - . Under the integrality assumption, i EeN, Vi All products are synchronized every U period,
where U is the least common multiple of u,,...,u,,. The customers can buy any subset of the products o ered
in any period. By (2), the average amount of information provided by Product ¢ in a full cycle, v(u;,1), is
decreasing in w;. Hence, q(u;) < g(u1)u;/uq, i.e., the customers obtain more information buying Product 1
all the time than buying any other Product i. Hence, the customers’ willingness to pay for information ] and
therefore the rm’s revenue | is bounded from above by v(uq,1). Accordingly, for any pricesr = (ry,72,...,7,)
and publication cycles u = (uy,us,...,u,), the rm’s time-average pro t is bounded by

w(u,r)gv(ul,l)—zuﬁ<v(u1,1)—uﬁgwm. (EC.1)
T i 1

Thus, there is no bene t from o ering multiple products. O

EC.2. Symmetric Publishers
LemMmA EC.1. For any given publication cycles u and prices r, suppose au; <1 and auy > 1. The cus-

tomers’ optimal consumption portfolios solving (4) is:

(6(Tl ) u)7 1) 1 S 1- aU1 yT2 > < (6(T17 u) 1, u)

. . _ ) (@0 rp<1- m” ;r2 > (6(r1,u),r1,1)
(d (r7u)7w (r7u)) - (07 1) 1 > 1 aul T2 < 2(!1“2 I (ECZ)
(0,0) T1>1—M7’2>ﬁ
where Griw) = @ - Ot -1-0)%2)  and  Su) = 4

i [ENC.D N A E e
argmmje{0 %}‘1 e " ans sl

Proof. This is a special case of Lemma EC.8 when s =1. O

LEmMA EC.2. For any given publication cycles u, suppose au; <1 and au, > 1. The pricing game (9)
does not have a pure-strategy equilibrium, but it has a mixed-strategy equilibrium yielding the following rms’

pro ts:
a(u1—2u2)2 k. Uy < 4—2auso %21;2)4 _ kK Us < w
. — 16usg uq — a . . — uy ug —
1 (ul’ u2) (2—auy)(auz—1) k 4—2ausg ' T2 (U1 ! u2) (quy+2aus—2)2 k 4— aul (EC 3)
e, w W — T RataE T T W2 >
aug w1y [eY 8a uy u2

%In case there are multiple solutions to the inner minimization problem, we select the largest one, consistent with
the tie-breaking rule that customers prefer to consume more to less.
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Proof. This is a special case of Lemma EC.10 when g=1. O

LemMaA EC.3. Suppose that uj <wuj. Then, auj <1.

Proof. This is a special case of Lemma EC.12. In particular, when =1, Sus = u,, and Firm 1’s pro t
in (EC.48) monotonically decreases. Thus, any strategy u; > 1/« is strictly dominated. O

LEmMmA EC.4. For any given publication cycles u and prices r, suppose au; < aus < 1. The customers’
optimal consumption portfolios solving (4) is:

(0(ri,u),1) ri<auy— 5t < (d,71,1)
(1,0) r <auy — 5t re > (6,71,1)
or aus — S <rm <1—-2 ro>r —S(us—u
(" () w0 (e, 0)) = o hrensioShen sl mn) o (goy)
(O,l) O[UQ*T<T1Sl*T,T’QSTlfg(UQ*’Ml)
OI’T1>1—°”2“,7“2§1—%
(0,0) rp>1— 5 g >1— %2

where §(ry,u) and (J,7,,u) are as de ned in Lemma EC.1.

Proof. This is a special case of Lemma EC.9 when s =1. O

LEemMmA EC.5. For any given publication cycles u, suppose au; < aus < 1. There exists no pure-strategy
equilibrium in the pricing game (9), but there exists a mixed-strategy equilibrium, yielding the following rms’
pro ts:

) _afuy —2ug)?  k ) _afug +2ur)* k
M) = e Ty M) = T e

Proof. This is a special case of Lemma EC.11 when g=1. O

LEMMA EC.6. Suppose that u, € [0, i] and usy € [0,+00). The following set of equations

_ 2kus _ (\/Gak:+ 1+2) (2 — auy)
= oy —1’ w2 = 2a(1 — 2ak)

has a unique pair of solutions (u},u3}). Moreover, /2% <} < 1.77\/E and uj > 2.
« «@ «

Proof. This is a special case of Lemma EC.13 when g = 1. Moreover, combining the two equations, the

desired wu, is a root to the following equation

Aud 1,
g(uq1) = > T 30U (\/ 6ak+1+ 1) — aku; +2k=0. (EC.5)

We obtain that u} < 1.77\/5 since
g (1.77\/E> =k (1.003\/ak — 1.044v/6ak + 1+ 0.956) <0,
(0%

given that ak < 0.5 and that g (1.77 g) is a concave function of ak, maximized at ok = 0.03025, and
negative at its peak. O
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Proof of Theorem 2. This is a special case of Theorem 3 when 8= 1. In particular, when =1, Region 2
simpli es to 0 < ak < 0.5, thus, there exists a unique pair of asymmetric Nash equilibria for all 0 < ak < 0.5.
In particular, assume uj < uj without loss of generality. The equilibrium publication cycles solve (11), and

the equilibrium pro ts can be obtained by plugging Firm 2’s best response in (11) into (EC.3):

2 (6ak (vBak+1—3)+Bak+1+1
(2\/6ak+1 3au1+2) LI (6ak (V6 ;7(2 i;) ak*+1+1)
1 1

Using (EC.6) and the fact that u} € {, / 2k 1} by Lemma EC.6, we obtain that
2 (6ak (vBak+1—3) +6ak+1+1)

T2 = 27(2 — auy)
2 (6ak (vV6ak+1—-3)+bak+1+1
< ( @ ( @ 27) @ ) since au; <1 by Lemma EC.3
4(1—6ak++6ak+1) 2\6ak+1—6ak—3+2
9v6ak+1 6
% (2\/60414; ¥1-—6ak—3+ 2) since 0 < ak < 0.5
% (2\/6ak +1-—3au] — % + 2) since — % — 3auy is decreasing in u €
Uq (751

[2k 1
and uj € [ ,] by Lemma EC.6
a

=7;. O

(EC.6)

G

Proof of Proposition 1. By Theorem 1, uv™ = ,/%‘“. By Theorem 2 and Lemma EC.6, uj > uf > 1/%.

O

LemMA EC.7. When uj € (0,1/a] and u} € (0, 00] solve (11), and 0 < ok < 0.5,

dg(uy)
0
ous <5

where g(u3) is as de ned in (EC.5).

Proof. Di erentiating g(-) with respect to u, we have

agzl) e (90u;? 4 (VBaR+1+1) uj — 6k)

which is convex with respect to wj. Thus, its maximum is obtained at boundaries. Based on Lemma EC.6,

0<ul < 2\/2. Therefore,

a9(“1) a9(151)
3u1

dg(uy)

uy —0 81@

wi=2v/% }

=max { 6k, = 30ak 8vak (1+\/m)i

strictly convex in ak

<max{0,max 30ak 8vVak (1+\/m)i

=max{0,max{0 —197}}

1 T30ak — 8vak (1+ V1+6ak
| ( )]

)
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Proof of Proposition 2. ¢ Dividing Firm 2’s best response (11) by 7, we obtain
wy _ (VBak+1+2)(2—au})
ul 2aui (1 - 2ak) '
Taking the total derivative with respect to « yields:
U3 ul (o] (a
dlﬁ da = Jaus ( 804( )) 8(1
V6ak+1+2 8(au1(a)) k (6ak +4v/6ak +1+5) (2—auy)
(aui)2(1-2ak) Do 20u;(1 - 20k)2\/6ak+1

By Lemma EC.6 and the squeeze theorem, lim,_ o auj(k) =0 since v2ak < au; < 1.77vak and
lim,_,0vZ2ak =lim,_o1.77vak = 0. Moreover, lim,_,, a“ > 0 as we show next. Replacing au, by z

in (EC.5), g(-) can be expressed as a function of x. Therefore, by the implicit function theorem,
* 9g(z")
lim = lim — -9

a—0 aO{ a—0 M
ox

22 (VBak + 1+ sl — 307 +2)
= lim
a=0 o (6ak + 4z (\/ 6ak+1+ 1) - 936*2)
= li T i VBak +1+ \/6a‘1k+1’ — 32" +2
= lim — - lim
a0 o  a=0B6ak + 4+ (v6ak+ 1+ 1) —9g*2
= +oo by Lemma EC.6 and the squeeze theorem.

Hence, lim,_,q dZ—é/da = —oco. Therefore, due to the continuity of elementary functions, there exists
1
& > 0 such that when 0 < o < &, d%/da < 0. On the other hand, when o > @, uj} is increasing in «,
1
whereas v} is decreasing in «, so u}/uj is increasing in a.

e Combining the two best responses (11), we obtain (EC.5). First, we establish that

99(ui) _ __ ui <3au{2\/6ak‘ 1w (Qakz +\Bak+1+ 1) —3kvBak + 1) <0. (ECT)

da  3vbak+1
Let
I(u?) = 30w >Veak +1—u] (9ak +\Bak+ 1+ 1) —3kvBak + 1. (EC.8)

Since [(u3) is strictly convex, applying Lemma EC.6,

I(u}) < max {Z(O),l (1.77\/§> }
=max{ —3kv6ak+1,1 (1.77@) }

{o, 6 40ak/Bak +1—1.77Vak <9akz +6ak+1+ 1)) }

< max. 0,

Q\l—‘ Q\l—\

640al<:\/6><05+ — 177V ak (9ak+\/6x0+1+1))}

Moreover, 8"(“1) < 0 by Lemma EC.7. Accordingly, by the implicit function theorem,
* 9g(uf)
duj - e <0
8a 89(“1) ’

P
Quy
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e Plugging Firm 2’s best response (11) into (EC.5), we obtain that Firm 2’s equilibrium publication cycle
uj must be a root to:

2
h(ug) = 90k — 2(aus; — 1) (au; <\/6ak ¥l 2) + 3) =0. (EC.9)

Di erentiating it with respect to « and replacing u3 by applying Firm 2’s best response in (11) yields:

Oh(uz) 3 (\/ 6ok +1+ 2) @2 —aup)m (uy)
O 4(1—2ak)2\/6ak+1 ’

where

m(ut) =12k(1 — 2ak)v6ak + 1+ du’ (\/chk F1+ak (—18@]4; 5VBak+1+ 1) + 1)
+3au;? (4k <a + 206k + 1) —3v6ak+ 1)

*2

One can easily check that lim,_om(u;) = 12k + 8u; > 0 and lim,_o.5,, m(u}) = lim,_0.5/x 3:—; —
12u; /k < 0. Since m(uj) is continuous, there exist thresholds 0 < a <@ < %2 such that when a < «,

m(uy) is positive; and when a > @, m(u}) is negative.

. on(uy) o .
By the implicit function theorem, 22 = _% Since %’}1) <0 by (EC.7) and g;; <0 by (11),
Bu;

ou’ our  Ouy ~

Thus, when o < o, w3 is decreasing in «; and when o > @, u} is increasing in . 0O

Proof of Proposition 3. e Combining the two best responses (11), we obtain (EC.5). On the one hand,

ag(uy)
ok !

a2u*2 . . - .
equal to — == — auj +2, is decreasing in uj since
9g(ui) 2
O7%r= _  2a%u;

ous Veak+1

a<0.

Since uj <1/a by Lemma EC.3 and

9g(ui) —1_ 1 >0,

6k uf:é \/1+60[k

we obtain
9g(ui)  Og(ui)
ok — 0Ok ut=

On the other hand, % < 0 by Lemma EC.7. By the implicit function theorem, using (EC.11), we
1

> 0. (EC.11)

Q=

obtain Pg(ut)
* glu
oui _ -0
Ok og(uy) ’
ouy

e Combining the two best responses (11), we obtain (EC.9). By the implicit function theorem,

Oh(ul)
* 2
duy —_ ok
Ok dh(ub)’
ouj

with
Oh(uy) _ ui(v6ak +1+4ak) — 4k (vVeak+1+2)
ok uid(l—2ak)v6ak +1 ‘




ecb

e-companion to Chen and Roels: Competing on Publication Frequency

Let
s(ui (k) 1= au’ (k) (V6ak + 1+ dak) — dak (\/6ak Fl+ 2) . (EC.12)
Accordingly, since af;(:f) >0 by (EC.10), % > 0 if and only if s(u}) < 0. By the squeeze theorem,

limy_ou; (k) = 0 since /2 < uj < 1.77,/E by Lemma EC.6 and lim, /2 = lim,_,1.77,/% =
0. Hence, lim,_,os(uj(k)) =0 and lim,_, o5 s(uj(k)) = 4au; — 8 < 0. Additionally, applying the total

derivatives,
. ds _ . 0s 0Os Ouj _ . . ou;
Mk~ A ok T gur o ame(faur —12)+azes = o
since by (EC.5),
Couws . 2D g qut)(aul +2)
lim =1 =lim - —2__ = |im ! L = +00.
T S BT S R ) >
Uy

Due to the continuity of elementary functions, there exist 0 < k < k < 075 such that when 0 < k < &,
then s(u%) >0 and u} decreases with respect to k; and when k < k < %5 s(u7) < 0 and u} decreases

with respect to k. O

Proof of Proposition 4. e Di erentiating Firm 1’s pro t (EC.6) with respect to auj and ak, we obtain

or; _  ak 1 oy 1 1
dou;  (aul)? 2 <0(by Lemma EC.6), dak  \eak+1 ou] <0(by Lemma EC.3).
Combining the two best responses (11), we obtain (EC.5). By replacing au; by x in (EC.5), g(-) can

be expressed as a function of z. Denoting au; by z* and applying the implicit function theorem, we

obtain

A 2_0‘“1(“‘3’%“) -0 (EC.13)
Oak 20 L (quj (9au; — 4 (VBak+1+1)) —6ak) '
since

s (9au; 4 <\/6ak F1+ 1)) ~6ak
<9 x 1772k — 420k (\/6ak Fl+ 1) — 6ak by Lemma EC.6
<9x 1.77%ak — 4V2ak (1+ 20k +1) —6ak  since vBak+1>1+2ak

maximized at ak=0

<0.

By the chain rule of total derivatives,

dm; _ on} Oau; + on} <o.

dak Odau; Odak  Oak
Similarly, consider Firm 2’s pro t (EC.6). Since lim,;_,0 %‘E =+o0 by (EC.13), we obtain, by taking
the total derivative,

lim dn; — lim ons + ons Oowu; _ 2 . 4 lim daus — oo,
ak—0 0ak  ok—00ak  Odau; dak  3(aui —2) 27(au; —2)? ak—0 Jak
Additionally,
. 2(6ak(VEaE+1-3)+yBak+i+1) 2
lim 75 = lim — lim #3=0.

ak—0 ak—0 27(2 — auy) T 27 ak—0s5

Therefore, 73 is non-monotonic in ak. Therefore, there exists a threshold ¢ > 0 such that = increases

in ok when ok <e. O
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EC.3. Publishers with Partially Differentiated Content

LEmMA EC.8. When the publishers share a fraction 5 of the same content, for any given publication
cycles u and prices r, suppose that au; <1 < au,. The customers’ optimal consumption portfolios solving
(4) with utility (13) is:

(0,0) rp>1-2 g, >

2au2
(0?1) T1>l—a7,7’2§2a1u2
(dﬁ(rau)awﬁ(rvu)) = (130) rp < 1- aul 2 > ﬁ(dﬁ(rlau) Tlvu) ) (EC14)
(66(7.1711)71) (1 B)(l agl) <7 < 1- aul T2 > < 5(6ﬂ(r1’u) 7"1,11)
1,1 r<Q=pA—-54),r2 < (1 B) 5o
where  6°(r.w) = - argmin g . ’lf o ewe20.8) _juloand  A(Sr,u) = (1 -

8) (r+ 23 — (1= B) — aB(1 = )uz) + (1 - B)va(uz, 1).

Proof. When au; <1 < au,, the customer utility (13) can be expanded as:

d((1—231)—r L —ry d<l-oo
(1=23) —m) +w (52 ) ST (gcas)
d((1- ) =) +w (8@ -d) (1 - A=) *2) + Q- Byl —m2) d21- L

For simplicity, we omit the conditioning on u and r. First, we consider the inner maximization problem in

UB(d,w;u,r)Z {

(4): d°(w) =argmax,., U”(d,w). We consider two cases, depending on whether w =0 or w = 1. By (EC.15),
o If w=0,

vran=a((i-5)-n) = we={y "I

o Ifw=1,

a((1-25) =) + (525 -2 d<1-L

UP(d,1)= .
(.1 d((1—2m)—p)+ 5(1—d)(1—(1—d)%)+(1—ﬂ)ﬁ—r2) d>1- 1

I Ifry>1— 23, UP(d,1) is monotonically decreasing. Thus, d’(w) =0.

I 1fry <1—22, UP(d,1) is continuously di erentiable and increasing for d <1 — a%u Given that
U?(d,1) is quadratic when d > 1 — i it is su cient to take the rst-order optimality condition
to nd the maximum. Accordingly, dP(w) =6°.

I 1fr=1-22 UPd,1)= —rg ford<1—— and decreases for d > 1 — ——. As customers
prefer buying when indi erent, dP(w) = 6%, WhICh merges with the previous case.

In summary,
1 nm<l-w
dP(w) =< §° r<1—S5tw=

0 ?"1>1—T1

Next, we consider the outer maximization problem in (4) with (EC.16): w® =arg mMaX,,c .1} U(d?(w),w).

(EC.16)

We consider three cases, depending on the value of r;.
o Ifry>1— 21 df(w) =0,Vw.

1 0 >
U0, w)=w ( —7'2) =w’ = { "2 2““ . (EC.17)
20 1 <

— 2aus
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e F(1-P)A—-1)<r <1-21 d%(w)= iﬁ w=(l). Note that U?(1,0) < U?(67,1) if and only if
w =
ro < P(87), after replacing vs(us, 1) with 5 — by (2) in ﬁ(cSB) given that au, > 1. Since #(6%) <
(2r1+au; — 2)8;:84uf32(2rl+au1 1) and (2ri1tau; — 2)80"*‘6152(2T1+au1 1) <L 2 if and only if1— ﬁ _ % <r <1-—
5%, we obtain that when 1 — 3 — 251 <r; <1— 251, 1y < 5(65) =1y < 5-—. Therefore,
1 rp< B(6°)
p= 2= : EC.18
v {o ry> 2(6%) (EC.18)
o If ry < (1-B)(1— 1), then UA(1,1) > Uﬂ( - —1) ie,d”=1and F(5%)=(1— B). Hence,
1 <(1-
(EC.18) simpli es to w? = r<(1=F)x, Zauz
0 ry>(1-f)y

Combining (EC.16), (EC.17), (EC.18) and this last case yields (EC.14). O

LEmMA EC.9. When the publishers share a fraction 5 of the same content, for any given publication
cycles u and prices r, suppose that au; < aus < 1. The customers’ optimal consumption portfolios solving
(4) with utility (13) is:

(0,0) rp>1— St g >1— 2
0,1) rp>1— 5y <1— %2

or 1—22 > >1+ Baug —1) — 25 ry <7y — $(uz —uy)
(1,0) 1-22 > > 1+ B(auy —1) — 54, re > 71— S (ug —u1)

(@ (e, w) = or (1 B)(L— 1) < 1y < 1+ Aoty —1) — 2 ry > A(0P(ry ), rayu)

orm <(1-B)1—2m),r>1-p)(1 —““2>
(0%(r1,u),1) (1—B)(L—28) <ry <1+ B(aus — 1) — %L ry < F(57(ry, 1), 71, 1)

(1,1) r<A-AA-4),r<A-5)(1- °“‘2)
(EC.19)
where 6°(ry;,u) and #(6,r,,u) are as de ned in Lemma EC.8.
Proof. When au; <1 and auy <1, the customer utility (13) can be expanded as:
fd,wiury=d ((1- 24 - aty oty
U(d, w;u,r) d((l : ) rl) +uw (,3(1 d) (1 (1—d) )+(1 3) (1 . ) 7‘2) (EC.20)

For simplicity, we omit the conditioning on u and r.

First, we consider the inner maximization problem in (4), leading to (EC.16). Second, we solve the outer
maximization problem for di erent values of r;.

o Ifry>1— 22 d°(w)=0,Vw. Hence,

0 1 ow
U0, w) = w ((1f %) 42) —wf= {1 :z Z e (EC.21)
2= 2

1 w=0

0 Comparlng U#(1,0) with U?(0,1), we have

o If1+[(auy —1)— 452 <ry <1-— 21 dﬁ(w)Z{

w? = {1 r2sm =5 —w) (EC.22)

0 7"2>T1—%(U2—U1).
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:(1). Note that U#(1,0) < U?(6%,1)

1 w
58
if and only if r, < 7(67), after replacing v, (uz,1) with 1 — <52 by (2) in  #(6”) given that au, < 1.

Moreover, as in Lemma EC.8, when (1 —8)(1 — %5*) <r; <1+ f(auz —1) — 251, rs < P(6°) =1y <

2
1— 232, Therefore,

o If 1)1 —2)<r <1+ B(auy —1)— 25t dP(w) =

)1 < P(6°)
wﬂ_{o s (EC.23)

o If r; <(1-p)1—-2),d?°=1and #(d°)=(1-p)(1—<). Hence, (EC.23) simpli es to
wh = 1 r,<(- ﬂ)(—“w).
0 rm>1-p)(1—22)
Combining (EC.21), (EC.22), (EC.23), and this last case yields (EC.19). O

LeMMA EC.10. When the publishers share a fraction 5 of the same content, for any given publication
cycles u, suppose that cu; <1 < aus. The pricing game (9) does not have a pure-strategy Nash equilibrium,

but it has a mixed-strategy Nash equilibrium yielding the following pro ts:

A-AL-2)— £ w< (w)

Ty (uy; ug) = (au1+ﬁ(2a;§;2) 2 jkl (u1) <ug <max{ (uy), 72572‘2;1+2 ) (EC.24)
(2— au;c)lflzzm 1) uil Uy > maX{ (ul); 2ﬁ—2(:;121+2
11—z Yoy g uz < (uq)
75 (uzuy) = § CEEAPR + (1 5) 2;u2 e () <w<max{ (w), 53}, (EC.25)
7(04”1-’8—2?55572) + (1 5) 2aus Ug > max{ (U1) 28—om; 42 2();1%1+2
in which
2-28— 1-8)(2—
()= 2200w 4 Q=B —aw)u (EC.26)
2a3 af

Proof. Throughout the proof, we omit the arguments u in the functions since the cycles are xed in

the pricing game. Since au; <1 < aus, the customers’ optimal consumption portfolios are given by Lemma

EC.8. Using (EC.15), we obtain that 22" WEOD > 06 <1— 4 + B(aus — 1) and UP(L,1) < U? (1— B )
if and only if r; > (1— ) (1—22). Thus (7) consists in approximating §°(r;) in (EC.14) with
e i1
5 :ﬂ i 71;2’: _ ! _ ! +1_5
7 (ry): argmin 5d 1 20y e, T abu, (EC.27)

U
e

Correspondingly,

28+ 2r + auy —2)?
8afusy

The relevant domain of #(37(ry),r;) in (EC.14) is ((1-23)(

increasing on its domain, it is invertible. Therefore, de ne

() 1) = 1-g-—=1+ V2aBus (e — (L= B)v(us, 1)) (1= B)v(ug, 1)+ aﬂul <1y <v(ug, 1)
7o ra < (L (s, 1) + 22

8ug

23 (r1),m) = + (1= Bo(uz, 1). (EC.28)

em) 1—2m]. Because “(3(r1),r1) is

(EC.29)
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Here, because aus > 1, v(ug,1) = by (2). First, we characterize the rms’ best response functions and

2au
then characterize the equilibrium.
Firm 1. Plugging (EC.14) with 3*(r;) into (8), we express Firm 1’s pro t in two cases, depending on the
value of ry:
o Ifry>5-—:Since, when 1 - — %t <y <1— 201, ry > o=— =71y > #(47), the optimal consumption

patterns are either (0,0) or (1,0). Thus,

k au
R LB ST e
1(risre) = 0_ k& _ oug

2au2

u T1 >1

Firm 1’s pro t is maximized at r; =1 — =t

o If ry < 2—, for some in nitesimal € > 0,
auy

- rp <max {(1—-B)(1—22),( 7)1 (r) —€}
1(ri;m) = T15B(T1)*j max {(1 -1 - 41)+e,( /) (ra)} < <19t (EC.30)
0— uy 1 >1-— a;l

It can be easily seen that (ry;72) experiences a downward jump at each of its breakpoints. The rst
piece is increasing; the second piece, 7,37 (r), is concave quadratic; and the third one is constant. If u, <

T2 g, 7, 5(r) s decreasing for all 7 > (1 - 8) (1— 5*). Thus, in this case, 1(r1;7,) attains

its maximum at the rst breakpoint. If 2*25% +u; <us < (uy), mdP(ry) attains its maximum

on the interval r; > (1 — B) (1— 24*), but its maximum, equal to G==1-25C1 cws)” 'js less than or

equal to (1 — ) (1— “2&); again, ,(ry;ry) attains its maximum at the rst breakpoint. Finally, if

us > (uy), the maximum of r13°(r;) is greater than (1 — B8) (1— 2%1). Since r13°(ry) < ry for all
ri < max{(1—B)(L—22)+e,( #)~!(r2)}, the maximum of (ri;r2) can be obtained by simply
comparing the revenue at ( #)~!(ry) —e (which is equal to ( #)~1(ry) —¢€) with the maximum of 7, 5% (1)
over the interval ((1 -B8)(1—1), 1~ %] Accordingly, we characterize Firm 1’s best response in two
cases, depending on whether uy < (uy).

| Case 1: uy < (uy). In this case, when ry < 1(ry; ) is maximized at the rst breakpoint |

1
2ccus !
either at r, = (1 — ) (1— %) or near r, = ( #)~%(ry), whichever is larger. Therefore, Firm 1’s

best response is

LB 2) 1< (- )yt +
)= ( ) M) —e  (L—B) g + L <y <

2aug 8us
T ro >

where € > 0 is an arbitrarily small amount.

2au2’

2au2

| Case 20 wus, > (u1). When ry < 201“2, comparing the maximum of r,3%(r;) over
(A-p8)A—2),1—=2] to ( #)~*(r2) — e gives the best response. In particular, r13°(r1) is max-
imized over ((1—B)(1— 25%),1— 25t] at ry = (2 — auy + 28(auy — 1)) if uy < 2252442 and at

2
2B—aui+2
s, Thus,

the second breakpoint, r; =1 —

2B—aui+2
x when uy < R

12— auy +28(aus — 1)) < BEEARAIG 2 4 (1 )

512a333u3 2aus
B — - 2B+au;+2 2
1 (T2) - ( ,6) 1(7.2) —¢ = z?;ag’gfu"{; : + (1 B) 2aus < T2 S 2a1u2 !

T ry >

2au2
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28—aui+2
x when uy > e
(aui+2aBu 2)2
1_% T2 < 18a36u2 +(1_B)2au2
B — _ +2ap 2 1 1
)= () ) e e q g 1oy <L
au
1 - Tl re > 2@112

Firm 2. From (EC.14), Firm 2’s pro t can be expressed as the following, depending on the value of r;:

o If r; <(1-p)(1—22), then 3°(r;) =1, and therefore, #(@’(r1),r1))=(1-p5) sy Accordingly,
k 1
ro — — ng(l—ﬁ)Q
. — ug auz . E . 1
2(ra;71) { 7% ry >(176)2m2 (EC.31)

o If(1-B)(1—29)<p <1 2w,

N e e < (@ (1), 7))
o(raim) = {0 s @) (EC.32)

o Ifry >1-— 31,

_ Kk < 1
o(ra; ) = {TQ w2 2au (EC.33)
0 _— T2 > Cyews
uQ augy
In all three cases, ,(r»;71) is maximized at the right end of the linear function. Hence, Firm 2’s best
response is
1- Bzt m<(1-p)(1- )
T auq] — 2 au
()= BT (L B)gl, (=P (- ) <m<1-
2a1u2 Ty > 1 - (“2‘1

aul

Equilibrium. When u, < (uy), the best-response functions cross only once at r} = (1 — 8)(1 —
ri=01- 6) . The equilibrium pro ts are

78 (urius) = (L B) (1—%)—% (i) = (1= f)— = * (EC.34)

2 200uy  Us
When wuy > (uy), the best response functions do not cross. Thus, the pricing game does not have any
pure-strategy Nash equilibrium. We construct the mixed-strategy Nash equilibrium with distributions F;
de ned on the supports r; € [r,,7,] for i =1,2.
o Ifuy< %, consider the following distributions

_ (@Btaui+2aBus—2)* 1 pyv(ug,l) =
F1(7”1) — 1 512a383u3h(r1) (1 ﬁ) h(ry) ry <1 <Ty ; (EC.35)
1 =T
(quy + B2 —2auy) — 2)° h™(ry) | auy —2(1—j) —
F: =11- + < EC.36
Q(TZ) ( 160&,8”2}7,_1(7"2) / O[,B’MQ 20(611/2 9 EQ ) < T2, ( )
where h(ry) := W + (1 — B)v(uz, 1, with supports
+5(2-2 2
= (a3 PO 20) 227 G 2oy + 250, - 1), (EC37)
16aBuy
_ 28+ auy +20fuy — 2)* (ouy +2(B + afuy — 1))?
Ty = 51203 3%u3 +(1-Bv(uz,1), 72 = 32au, + (1 - Bv(uz,1).

(EC.38)
Here, because auz > 1, v(uz,1) = 57— by (2).
Given Fi(-), by (EC.32), Firm 2 S expected pro tis:
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I If T2 S [ﬂz,?g],

(o L) =7 B (2 < () +0-B (1 > h(r)) — -

=79 ']P(Tl > hil(rg)) — E
U2

=T (1— lim F1 (’l")) _uﬁ

r—h=1(ry) 2

28 + auy +20Bugy — 2)* 1 k
=@ rom+205u, 22 5 1K
512a333u3 2auy Uy

I If o >To,

k (28+au, +2abBuy —2)* 1 k

2(r2; F1(°)) Uy < 51203 3%u3 1= 20uy U
I If ro < Ts,

k (28+aus+2afu; —2)* 1 &k

o(re; F1()) =12 " < 51203 3343 a-5 20Uy Us

Given Fy(-), by (EC.30), Firm 1’s expected pro t is:

I If r e [ﬁl,Fl],

B =B (ra > W) + 11 (1 -

oo —2(1_5)> -P(ry <h(ry)) — uﬁ

OZﬂUQ 20(5’[1,2
r au —2(1 — L
=T -(1—F2 (h(Tl)))+r1 1— 1 1 ( ﬁ) " (h(rl))_i
afBuy 2aBus -
o au; —2(1-5) L
o N By (W) — &
rL—T1 <aﬁu2 2a8us 5 (h(r1)) -
_ (quy + B2 —20u) —2)* k.
B lGa/BUQ uly
|17 <r <1-—24 as7 =argmax, ry (1_ o _%ﬁf{ﬁ))
n__ow—20-p\_k
.F . = l_ _ k
RO = ( aBug 2aBus Uy
(1o T _am =208\ k
afusy 20Bus ”
_ (auy + B2 —2auy) —2)? k
16Oéﬂu2 ul,
1fr >7 =122,
k s + B(2 — 20u.) — 2)2 L
(i Fa()) =0 - < am+ X DR
th 160[ﬁu2 U
Hfri<r = (au1+51(§;62:;2)72)2’

k +p8(@2-2 -2k
1(r Fe())=r——< (o + A€ o) —2) -
U 160(611;2 Uy

Hence, (EC.35)-(EC.36) constitute a mixed-strategy Nash equilibrium, and the equilibrium pro ts are

equal to

w1 (ur; ug) =

(auy + B2 — 20us) — 2)? _k (28 + auy + 2aBus — 2)4 1k

+(1-5)

20Uy us
(EC.39)

160 Bus u’ ma(u2in) = 51203 33u3
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o If uy > 222442 consider the following distributions
Fl(rl):{l—W—a—ﬁ)MiW LiS7<T (EC.40)
1 =T
Fo(rs) = <1 _@ _235212(_01“(‘:2)_ 1)> / (ha;gj) + aulz_a;(;_ b )) Ty <1y <Ty. (EC.41)

with supports

_(2- aul)(aug—l) —q_ 0w _ (cuy + 2aBuy — 2)? +(1-B) 7= 1
- 200us = 2 2 8a3Bu3 Zau 27 20,
Given Fi(-), by (EC.31), Firm 2’s expected pro tis:
I If ry €ry, 7],
k
2(ro; F1 (1)) =72 - P(ra < h(r)) +0— "
2
=Tg- P (’1“1 Z hil(’l"g)> — £
Uz
k
—To- <1— lim F1 (T))
r—h—1(ry) UQ
(cuy + 2aBuy — 2)? k
= 1-— - —.
8a?ful +(1-6) 2au2 Us
I If o >To,
(au1 + 208uy — 2)? k
F - — 1-— - —.
2(r21 1( )) 0 Us 80&3/8 g ( 5) 20['1,&2 Us
I If T <£2,
oy + 20Buy — 2)? k
o Fi )=y - o (OMTZIR A g gy 2K
Us 8a3 Bu3 201U2 Uz
Given Fy(-), by (EC.30), Firm 1’s expected pro tis:
I If 1 S [217?1]
r au; —2(1— k
W F()) =m0 Py > h(r))+rm (11— —— — —2 1=5 P (ry < h(ry)) — —
afug 2aPusg Uy

afug 2aBuq

_ r1 au; —2(1—pB) k
= (o ) Re) -

_ 2 — auy)(auy — 1) B ﬁ

200us Uy

=r1~(1F2(h(r1)))+r1(1 ry aul2(1[3)).}72(,1(7"1));€

Ilf’l"1>'f'1— — 2

1(ri; Fo(l))=0— (2 auy)(aus —1) ﬁ

200U Uy
I If 7"1<7" — (2 aui)(auz—1)

2aug !

(2 aul)(aug—l) k
1(r Fe () =71 — U1 —

200Us Uy

1
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Hence, (EC.40)-(EC.41) constitute a mixed-strategy Nash equilibrium, and the corresponding pro ts
are equal to:

(2 — auy)(auy — 1) B £7 o (it 1y) = (auy + 20 Buy — 2)? +(1-p) k

205 Uy 8a3ful

Summarizing all cases yields (EC.24)-(EC.25). O

my(uq;uz) =

Zaug Uy

LEmMA EC.11. When the publishers share a fraction g of the same content, for any given publication
cycles u, suppose that cu; < auy < 1. The pricing game (9) does not have a pure-strategy Nash equilibrium,
but it has a mixed-strategy Nash equilibrium yielding the following pro ts:

ﬂ—f(ul; u?) = {((iu1+53)((21 2(1::; )2) k 2 S (U1) 5
16aBus o U2> (uy)
5 (ug; uy) = {((iﬁ+5t)1<<|*20¢_,3u0;u22))4_ w uz s () 7
sy - A0 (1-52) — o) we> (w)

where (u,) is de ned by (EC.26).

Proof. Throughout the proof, we omit the arguments u in the functions since the cycles are xed in
the pricing game. Since au; < auy <1, the customers’ optimal consumption portfolios are given by Lemma
EC.9. Using (EC.20), we obtain that w >0 <1—24 and U(1,1) <U”? (1— u 1) if and only
if 1> (1—p)(1—2%). Thus, (7) consists in approximating 6"(r1) in (EC.19) with &°(r,), as given by
(EC.27). Let #(3°(ry),r1) be given by (EC.28) and ( ?)~'(r;) be given by (EC.29) with v(uz,1)=1— 232
by (2) since au, < 1.

Because  7(8°(r1),ry) is increasing, when (1 — B)(1 — %) <7 <1+ Blaus — 1) — 251, 1y <

BP(ri),r1)=>r.<1-B+ (5 — %) aug. Accordingly, by Lemma EC.9, Firm 1’s pro t can be expressed as:
o Ifry <13+ (8- 3)aus,

r— L ri<max{(1—p8)(1—241),( #)"(rz) — ¢}
1(r;m2) = 7‘13’6*(7‘1)*% maX{(l 5)( 7%1)"'5( 6)71(T2)}§T1<17%+5(au271>'
0- & P> 1 S Baus - 1)

e If1-B+(B—1)aus<ro<1-— 22,

1(r1;m2) = o _ﬁ h <T2+%(u2—u1).
- >+ S (ur —u)

ul

o Ifry>1-—ou2

_ k. _ aug
1(riire) = " ot =t 2
_ Kk Otu1
0 ™ ry>1—

Following a similar analysis to the proof of Lemma EC.8’s, Firm 1’s best response is then:
o Ifuy < (uy),

8ug

L-A-)  r<@-B) 1)+

Tﬁ(Tz): ( 7)Y M(ra)—e (1_5)(1_%) aﬂu1<7“2<1 5+(ﬂ )aug.
' ro+S(us—u)—e 1-B+(6—-3)au 2<7”2<1

_ auy _ aug
1 - ro >1 >
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o If Ug > (Ul),

12— oy +2B(aus — 1)) vy < GOty (g gy (1 o)

512a3p3u3 2
)= (D7) —e CE gt + (- A (1-25) <ra<1-f+ (6 - 5) aus
ro+ S(ug —uy) —¢€ 1—ﬁ+(ﬁ—%)au2<r2§1—%
1 ro >1— %2

2
where € > 0 is an arbitrarily small amount.

Firm 2’s pro t can be expressed as:
o Ifr <(1-p)(1—=3),

(ro;m) =4 2 ra < (1—B)(1— 222)
22,71 0 T2>(1—ﬂ)(1_%)'

o If (1-B)(1—452)<ri <1— 25+ B(auy — 1),
oy )2 T2 < P(3(ry),m1)
2(’“2'“)‘{0 ra> P00
o If 11+ fB(auy —1) <rp <14,
v )2 T2 <11 — 5 (u2 — )
2(7‘2,7“1) {0 7‘2>7‘1—%(u2—ul)'

o Ifry >1-— 31,

0 T2>1—w

T2 T2 <1*Lu2

. = = 2

2(rasr) = .
2

Therefore, Firm 2’s best response is:

@-Aa-2) n<@-H-23)

s v )70 1-B(1-2)<r<1-22+p(auy—1)
7"2(7‘1)— o auy aul '
ri—5(uz—uy)  1—+B(auy —1)<rp <1-—95t

1- 22 rp> 1 em

2

The analysis hereafter is similar to that of Lemma EC.10. The pure-strategy Nash equilibrium when
us < (uy) is similar to the pure-strategy equilibrium in Lemma EC.10 with r{ = (1 — ) (1—-2%) and
ry = (1— B) (1—222), yielding equilibrium pro ts =/ (u;u_;) = (1 — B) (1 — 2%) for i € {1,2}, similar to
(EC.34). Otherwise, when uy > (u1), there only exists a mixed-strategy Nash equilibrium characterized
by distributions (EC.35)-(EC.36) and supports (EC.37)-(EC.38), yielding equilibrium pro ts (EC.39). In

(EC.35), (EC.38), and (EC.39), since aus <1, v(uy,1) =1— 2% by (2). O

LemMA EC.12. Suppose that uf <uj. If 7f(uf;u5) >0 and w5 > 1, then, auf <1.

Proof. We prove by showing that setting u; > + is strictly dominated.

Customer Choice. Suppose u; > L. Thus, us > L and q(u) = q(uz) = ¢:= 5. Let n:= %2 and p; = riu;
for i € {1,2}. Accordingly, the customer’s utility (13) when buying d € {0,1,...,n} units Product 1 and
w € {0,1} units Product 2 every u; period is

s _ Jd(g—p1) +w(qg—p2) d<n-1
0% ) {d(q—p1)+w((1—5)q—pz) d=n
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Customers always buy Product 1 when Product 2 is not released if and only if p; <g¢. At the release times
of Product 2, customers have three options: (i) Buy Product 1 only; (ii) Buy Product 2 only; (iii) Buy both
products. Accordingly, customers prefer
() Buying Product 1 if ¢ > p; and
o (i) = (i)
q—p1>q—p2<p1<p2 and
o (i) = (z31)
q—p1>@2—=B8)g—p1—p2ep2>(1-P)g.
(i) Buying Product 2 if ¢ > p, and
e (id) = ()
q—p2>q—p1<p2<pi; and
o (i1) > (iii)
q—p2>@—P5)qg—pi—p2ep1>(1-P)g
(iii) Buying both if ¢ > max{p;,p2} and
o (i1i) = (z)
(2-B)g—p1—p22q—pr1=p2<(1-pP)g and
o (i1i) = (i1)
(2—=PB)g—p1—p2=q—p2=p1 <(1-P)g.
In summary, given prices p; and p, and cycles «; and u,, the customers choose to consume (d?, w?) units of

each product in a cycle of duration wu,:

(TL71) P1 S (1 - ﬁ)QJQQ S (1 - B)q
(n—11) ¢>pi>A-P)g,p2<p1

(d?,w”)=<¢ (n,0) q>p2>A—P)g,p1 <pz Orps>q>p; . (EC.42)
0,1 P1>q>D2
(0,0) P1>q,p2>4q

Pricing Game. For any ¢ € {1,2}, setting p; > ¢ is strictly dominated because it generates zero revenue.

Hence, we restrict our attention to p; < ¢ for i € {1,2}. From (EC.42), Firm 1’s average pro t can be written

as.
o Ifpp <(1-75)q,
k 1 np1 plf(l_ﬁ)q
1(101;]?2):—171"‘172 (n=p; 1-Pg<pi<q; (EC.43)
0 p1>4q
o If(1-PB)g<p2<gq,
L 1 np1 p1 <Dp2
1(P1?p2)=*u*+u* (n=Dp1 p2<p1<q. (EC.44)
1 2
0 pP1>4q

Therefore, for € > 0 arbitrarily small, Firm 1’s best response is:
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e lfp<t,

s v ) A=B)q p2<(1-P)q

P {Pz —¢  (1-Ba<p<q’
o If 5> %,
3 _ )4 p2<(1—1)q
p1(p2) {pg—e 1- %)q<p2 <q
Similarly, from (EC.42), Firm 2’s average pro t can be written as:

e Ifp1 <(1-5)g

Nk 1 )py p2<(1—-PB)q )
2(p2,p1)—u2+uz{0 A Ba<pr<q’ (EC.45)

o If (1-pB)g<p1<yq,

: = + = . EC.46
2(p2ip1) 0 p2>p1 ( )

Uz Uz

k 1 {pg P2 <p1

Accordingly, Firm 2’s best response function is:

s v— JA=Pa p1<(1-PB
p2(p1) {pl_g Q-B)g<pi<q

Next, we next characterize the di erent Nash equilibria based on the value of 3.

e When 3 < % the best responses cross at (p?,p5) = ((1 — B)q, (1 — 3)q); the corresponding equilibrium
pro ts are

1 ko 1- k
T (uis) = —n(d— B)g — —- =10 ;
U2 up 2au; ug
1 E_1- k
i) = (A f)g— £ =12F_E
Uz Uy 20Uy Us

e When g > % the best responses do not cross. We construct a mixed-strategy Nash equilibrium with

distributions F; and supports p; € {gi,@}. Consider the following distributions:

1y bg<p < n—1q (n—1
Fpy={t" m TSRSt py=y 02D 0D o g (Eca)
1 P1=4q P2 n
with the following supports
n—1 _ .
p,=——4 P,=¢ Vie{l2}.

Given F5(-), by (EC.43)-(EC.44), Firm 1’s expected pro tis:
I If =2¢<p <q,

n

(1 F) =uiQ(npl(l—Fz(pl»+(n—1)p1F2<p1))—uﬁl

1 k
= — (np1 —p1 F2(p1)) — —
Uo Uy
_(n-1q k.
U2 'U,ll
I 1fp.>q,
k n—1 k
1(p1; F2)=0— — < M—*§

Uy U2 Uy



ecl8

e-companion to Chen and Roels: Competing on Publication Frequency

I prl < %q!

n k n—1 k
1(]31;F2):ﬂ—*<7( )q—*-
Uo Uq U2 Uq

Given p; ~ F (%), by (EC.45)-(EC.46), Firm 2’s expected pro tis:
I If =2¢<p,<q,

1 k
2(p2; F1) = —p2 - P(p1 > p2) — —
U2 U2

1 . k

=—ps- (l— lim Fl(p)) -—

U p—py Uz

S N S P
Uo np2 U2

I 1fp2>q,

k n-—-1¢q k

o(p2s F1)=0—-—< _— -
U n Uso Ug

I Ifpo <21,

k n-1 k

2(p2;F1):p*2**< 4_=

Uy U n Uz U2

Hence, when 3 > % and u; < uq, (EC.47) is a mixed-strategy Nash equilibrium, and the equilibrium
pro ts are
5 n-1g k 1 /1 1 k
)= L= (22 )T
Uy up  2a \up Uy Uy
s, . (n—1) g k 1 us—uy k
75 (g ur) = - ——=— = —.
no us Uy 200 uj Us
Combining the two cases (8 < £ and 3> 1), when u; >u; > 1, the equilibrium pro ts are:
L(L,L),L uy < Bu 1-6 & Uy <y < W
7y (u; up) = e ' ’ pomy(ugiun) =4 L2, Swm ? . (EC.48)
Doy ur Buz <ug <ug 20 uZ v U273

Publishing Game. When u; < Bus, 7% (u1;us) is decreasing (since ok < 0.5 by assumption). When Bu, <
uy < ug, mh(ui;uy) is either nonincreasing and nonnegative if 1 — 3 > 2ak or increasing and negative if
1— B < 2ak. Hence, when 1 — 8 > 2ak, 7 (u1; u2) is nonincreasing, and it is optimal for Firm 1 to set ] < l
When 1 — 3 < 2ak, it is optimal for Firm 1 to set uf < L if max,, .1« (u1; us) > 77 (ug;ug) = 52 — £

2aug ug "

Since the latter is negative when 1 — 3 < 2ak, itis su cient to require that max,, - 1 7% (uy;ul) >0 for Firm

1 to set uj < L. Since m(uf;up) >0 if uy > L by assumption, we must have that max,, 1 m{ (us;u5) > 0.
]

Lemma EC.13. Suppose 0 < <1 and 52 < ak < 0.5. The following set of equations
_ \/W _ @2—aw) (2,6’+ B(4ﬁ+6ak—3))
TV, -1 T 203(L— 2ak)

has a unique solution (u{"?,u5'?) such that 0 < u; < L. Moreover, /2t < u;"? <min {2\/5, i} and uy? > 2.

(EC.49)
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Proof. Combining the two equations in (EC.49), the solution, if it exists, is a root to the following cubic

equation:
9% () = 3a2u® — u? (—40¢ﬂ + 60+ 20\/B(48 + 6k — 3)) ~ Gaku,y + 12k. (EC.50)
since 22(2) —g_ 68~ (since =2 <ak<05 by assumption, we obtain that
dak \/B(48+6ak—3) 2 = ’ !
gﬁ<1)245—2w/6(4ﬂ+6ak—3)+6ak—3<g5<1> o
« « « ak=0.5
Additionally,

¢?(0)=12k >0, lim ¢”(u;)>0.
U1 —>00

Hence, because g”(u,) is cubic, there is only one root to g°(u;) =0 in u, € (0, 2). Let (uf’?,u5?) denote the

corresponding solution. We obtain that %" > 2k because

g° (ﬁ) = k(85 —4+/[(45 + 6ak — 3)) > 0 when ak < 0.5.

Additionally, u’? < 2\/5 because

95<2 Z>=4k‘<46—2 5(4ﬂ+6ak—3)+3\/%—3)
S4k<25+3 125—3> Whenak2¥

<0,

given that 23+ 3,/ % — 3 is concave, maximized at 5= % and negative at its peak.

Consequently,

L, @—aul?) (28+/B@AG+6ak—3))
e

2 2a8(1 — 2ak)
2 — 2v/ak) (2/5+ . /6(4B+6ak—3)) - -
> 208 —20%) since uy” <2 .
(2—2Vak)-3p 1-8
> m when ok > -
zw since 0 < ak < 0.5
4oy
~2 o
«

- 2(1-8)(14+2(1+v2)8)
LEMMA EC.14. If 0< < £ and 0 < ak <0.5, then %g Trip—15 )

Proof. For 0< <+ and ak >0,
o - 2(1-B) (1+2(vV2+1) )
Vis = 1+48 — 4p32

_20-pp (1+2(v2+1)6)’
ST a4y

= p(B).
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Since
9p(B) _ 2(1 - B)? (2 (vV2+1) B+1)n(B)
aB 1+(4(1-p)B)? ’
in which
n(8) =8 (vV2+1) 5°—4(2v2+3) 3 +2 (1-5v2) g +4v2 -7,
and
1(0) <0, 3’;7([3@:24(\@+1> 52_8(2ﬁ+3>6+2<1—5\/§) <0for0< <05,

we get %ﬂﬁ) <0 for 0 < 8 < 1/2 and therefore p(5) > p(1/2) = % ~ 0.73. Since ak < 0.5 by assumption,
ak < p(B) is guranteed. O

LemMa EC.15. When 0< < 1,

,6’712 [0.5 (—48° +115% —88+2) — (1 — B)/(1 — B) (—3p + 832 _55+1)} < #
Proof.
& 0545+ 1152 -85+ - (- 9T~ AP +8F 554D < ”

& (AP +11°-85+2) - 2(1- f)/(1 - P) (333 +832 —55+1) < [*(1-f)

o= 2(1-8)V/(1—B) (-3 +832 —55+1) > —338%+1082 —88+2
>0 >0

& 336 — 835 + 434 >0

& 332 -88+4 >0,

which is always true when 0 < g < 1. O

LEMMA EC.16. When 0 <3< 1 and 0 < ak < 0.5, (1 — ) — /21 — B)ak > /3;1(1:2;;) if and only if 0 <

B < 3 and

ok < 5 (05 (~45° + 1157 ~83+2) - (L 7)} /=37 + 8 55 +1]. (EC51)

Proof. Given 0< <1 and 0<ak<0.5,
B —2ak)

1-p8)— 21— B)ak >m
< 2(1-8)2-2(1-B)v/2(1 - B)ak > (1 —2ak)
& 21 - 8)? - B(L - 2ak) >2(1-B)vV2(1 - p)ak. (EC.52)
The validity of (EC.52) depends on whether its left-hand side is greater than 0. To be speci c,
o If B< % 2(1-B3)? - B(1—-2ak) > 2(1 - B)? — 3> 0. Therefore, the left-hand side of (EC.52) is positive,
which yields:
(EC.52) & 1 -p6)? - B —2ak))? —22(1 - B)?2(1 — B)ak >0
& 4B%(ak)? + (—45° —8(1— B)° +8B(1 - B)*) ak + 32 +4(1 - B)' —4B(1 - B)* >0.

Since the left-hand side is convex quadratic in ok and is equal to —4(1 — 3)38 < 0 when ak = 0.5,
(EC.52) is equivalent to (EC.51).
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e If 3> 1, the left-hand side of (EC.52) is greater than 0 if and only if ak > M Hence, we discuss
in two cases:

I When ok < =28°£20=2_(EC 52) does not hold.
I When ak > %555*2, (EC.52) is equivalent to (EC.51). For (EC.51) to hold, we need:

=26"450=2 <G [ 5 (45 +115° =85 +2) — (1 - §)} /=35 + 857 —55+1|
< B(—28*+53-2) < (—4B° +115% —8B8+2) — 2(1— B)\/(1— B) (—3p° + 832 — 53+ 1)
& (1-P)/(1-B)(-3p3+8B%—58+1) <(1—-p)°
& —38°+832—58+1 <@-p°
o B(—28% +58 —2) <o.

However, —23% +55 — 2 >0 for all % < B < 1. Therefore, (EC.52) does not hold.
Combining the two cases (8 < 3 and > 1) completes the proof. [J

LEMMA EC.17. When 0 < § < % f[o 5(—44° + 1152 — 86+2)7(175)\/(1713)(7363+85275[3+1)}

21 52
is decreasing in .

Proof. Taking the rst-order derivative, we have

d [0.5 (—43% + 1152 —88+2) — (1— B)/(— B) (—35° + 852 — 53+ 1)]
dp
_(A-p)(-6p"+53°+164% — 168 +4+4(3*+ 5 1) v (1 —B)(=33%+832 —53+1))
26%\/(1—B)(—33° + 85> —53 +1) '

We prove that the rst-order derivative is negative for all 0 < g < % by contradiction. Suppose not, we should

have

—64' +58°+1682 —168+4 > —4(B>+5—-1) /(1 - B)(~3B°+832 —53+1)

& (B4 +53+1682—168+4)>  >42 (8 +5—1)"(1—B)(-35° +852 —53+1)
& (2-P)B°(1 - 2B)(65° +55% — 65 +4) <0,

which is a contradiction since 64° +53> —68+4>0forall 0<fg<i. O

Proof of Theorem 3. Without loss of generality, denote Firm 1 such that «/ < 5. Suppose a priori that
7 (uf;ud) >0, an assumption we will check a posteriori. By Lemma EC.12, if auj > 1, au} < 1. Combining

Lemmas EC.10 and EC.11, the pro t expressions when u; < uy are

1-/A-5) -3 uw< (w)

1

7 (ug;ug) = <a“1+3(2agj;2) 2)? -2 () <up <max{ (u), Pt} (EC.53)
Growllon, ) _ & up > max{ (uy), 222t
(1 —B)v(us, )—g uz < (u1)

78 (ug;up) = (26+(§T§:3»2§3B1§2 2 "'(1—5)71(U271)—i2 (u1) <wg <max{ (u1), W ,  (EC.54)
%m Byo(us, 1) — £ uy>max{ (u), 2put2)
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in which, by (2), v(us,1) =1 — 252 if up < - and v(us, 1) = 57— otherwise, and  (u,) is de ned by (EC.26).

When wu; = uy, the pro t expressions are obtained either directly from (EC.48) if cu; > 1 or using a
similar argument if au; <1 to yield:

7 (uiu_;) = (1= Bo(u,;, 1) — uﬁ (EC.55)
De ne /

i) =20 (EC.56)

t;1(B) == é [0.5 (—4p°+11p>-88+2) — (1— B)V/(@A—pB)(—333+8B2 —53+1)|. (EC.57)
By Lemma EC.17, t; () is decreasing in 3 when 3 € (0,1/2). Hence, when 3 < 1/2, ak < t;*(8) if and only
if 8 <ts(ak).

Next, we next characterize the equilibrium in two regions of the parameter values, and check that

i (ud;ug) > 0.

Region 1:
1
0<pB< 5 and ak < t; (). (EC.58)

By Lemma EC.15, if (EC.58) holds, ak < t; (). Consider the point

2k
ult=yfl =yttt = EC.59
1 2 (1 _B)Q ( )

Since ok < t7'(B), u”! < L. Accordingly, by (EC.55), the corresponding pro ts are
=t =1 - B) - 2@ - Pak, (EC.60)

which are positive since ak < t7(3).
Because
81 _9(1— _ — auB )bl — 432 _
WPl < (uﬁ,l) <:>0zu 2(1-5) < 1-3)2—auft)u = autl < 2+2p3—-403 +4\/§(l B)3
2a03 af 1+4(1-p)8
and because the latter condition holds when ak < 0.5 and (EC.58) holds by Lemma EC.14, we obtain that

1 1
upt < (uph).

Next, we next show that (EC.59) constitutes an equilibrium by showing that no rm has an incentive to
deviate. First, u® maximizes (1 — ) (1 — ) — uﬁ for i € {1,2}, so it attains a local maximum for both
rms (since u?! < i). In fact, by (EC.53)-(EC.54), this is a dominant strategy for Firm 7 as long as u; < u”’}
and v” < (u;)oraslongaswu;, >u_;andu, < (u?}), for any i =1,2. In the following, we assume, without

loss of generality (since rms choose the same cycle in equilibrium), that u; < wu..

Second, Firm 1 has no incentive to set u; such that u5' > (u;) while keeping u; < u3' because, since

B<1/2 by (EC.58),

2—-28—au,y +
2af3

s (1-28)au; >2(1—p) —2apus’

uyt > (uy) = uyt > Uq

=1 -28)auy’ >2(1—p) —2aBus’

2(1—-
> 200,

=
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which never holds since u5"' < 1
Third, Firm 2 has no incentive to set u, such that u, > (u5"'). To see this, let ub(u,) := 72*223;8““1 + Uy

and note that  (uy) > ub(uy). Because ub(u,) is linear and 3 < 0.5, ub(uf"") > u4(0) = 2=2. For any u,, Firm

2’s pro tis bounded from above by the average net information minus the publishing cost, i.e., by -1 — £,

2cus ug

which is decreasing in u, since ok < 0.5 by assumption. Hence, for any u, >  (uy), since  (u}") > ub(u?') >
ub(0), mo(ug;ult) < m ,(0) On the other hand, by Lemma EC.16,
1 k
1-5)—+v2(1— k —
Q-5 —-v21-pak> 2oL () 1 (0)
if and only if (EC.58) holds. Since 75" = (1 — 8) — /2(1 — B)ak by (EC.60), we conclude that Firm 2 does

not have a pro table deviation such that u, > (u?"!

Hence, no deviation is pro table, therefore, (u"!,u5") is a Nash equilibrium. One can show its uniqueness

by applying a similar logic to the argument above; details are omitted.

Region 2:
1 _
0<f<1and Tﬂ <ak <0.5. (EC.61)

Consider the pair (u}**,u5?) solving (EC.49). By Lemma EC.13, when (EC.61) holds, the solution (uf"?,u5"?)
is unique on 0 < uy < E, ; <uf? <min {2\/5 } and uj? > =. Moreover, (u1 Juy ) is feasible in (10)

since 2u}® < 4. Furthermore,

W= 5 (2(1 5+ /50 - D@ aufh) - aut*a-29))
< ﬁ (2 (1 —B+/= 5)5) —auf?(1— 25)) since au’2(2 — au?) <1
<ﬁ (2(1—ﬁ+\/(1—6)[3>+1> since au’? <1and S <1
concave, maximized at 8= 0.5, and the maximum is 3
6 — 3oy _
%ﬁul since u;? <1/a
@—aui?) (28+/F@EF+Bak—3)) o d (26+ W)
= 203(L—20k) sinee dok =0
and ak > # under (EC.61)
= u5*(u)?) by (EC.49).

Therefore, u5? > (uf?). On the other hand,

L, @—au?? (25 +/B@p + 6ok — 3))
uy” = 20[5(1 — 2ak) by (EC49)
S 6 — 3o}’
- 2ap
2+ 23— au?
2a3

under (EC.61)

since 5 <1 and au?? <1 by Lemma EC.13.
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Thus, by plugging u5?(u??) from (EC.49) into the pro t functions (EC.53)-(EC.54) when uy >  (uy)

and uy > % we obtain the equilibrium pro ts as a function of uf*Q:
au? 1 k
Py =1-—— -2 (25 —V/BAB +6ak — 3)) - 53 (EC.62)
2 3 Uy’
26°(1 — 20k)? (26 + /BAF +6ak —3) + 20k — 1)
3 .
@2 — au? (25 +/B@p +6ak — 3))

One the one hand, note that =* () =1 -1 (26 — W) — ak is positive since it is strictly
decreasing in ok and equal to 0 when ok = 0.5. Because 7} %(u,) is strictly decreasing for u, > \/2k/a and
V2k/a <uf? <1/a by Lemma EC.13, we have 77*(u;"?) > {"? (1) > 0. On the other hand, 75%(u{?) >0
since 23 + /B(45 +6ak — 3) + 2ak — 1 is increasing in ok and is thus greater than 23 > 0 (evaluated at
ak = (1-3)/2, the lower bound on «k under (EC.61)).

2 (wi?) = (EC.63)

Next, we next show that (uf’2,u§’2) constitutes an equilibrium by showing that no rm has an incentive
to deviate. We consider the following scenarios:
(1) uz> (u1) and ug > 2uy;
(i) uy > (u2) and uy > 2uo;
(iii) uy < (uy) and ug > 2uy;
(iv) u; < (ug) and uy > 2uy;
V) u; =us.
Case (i): us > (uy) and us > 2u;. We consider in turn deviations by Firm 2 and Firm 1 within the

region us > (uy) and wuy > 2u;,. First, consider Firm 2’s pro t expressions (EC.54) when u, > (u??) and

Uy > 2uf"2.
28—auf 242
e When u, < W
. B2 (—3au? 2 +28(aus —3)+6) (aul +2(B+aBua—1))>  «(1-8) & 1
Oma(uz;uf ): : 51203 5l T3tz W <
ou (—3au5’2+2[3(au2—3)+6)(au 24 2(B+afus—1))3 1 _1-8 1 :
2 ! 512&3B3u§ + u% (k 2 ) Uz > «
Note that
I oui? +2(B+ aBuy — 1) > auf® +2(8 — 1) + 2(1 — B) — o] + 2aBu? > 0 since uy > (uf?) >
2-2f—au}? 8,2.
2apB + ul !
I —3au??+28(cuy —3) +6 > —3au?? + 28(2au?? —3) +6 =3(1 — B)(2 — au’?) + Bau?® > 0 since
1 2 Uy auy = ouy oauy” >
2.
uy > 2ul?;

| 252+ &> 2028 4 o2k >0 under (EC.61);
2
I £— L2 >0 under (EC.61).

. . . 28—au? 242 28—au? 242
As a result, 7, (uy; us %) monotonically increases in u, when uy < % Therefore, uy > %
in equilibrium.
28—au 242
e When Uy > 2p—auy 42

2a8 1
Oma(ug; ul ) _ —4aBus(aus(l - 2ak) +2aui? — 4) — 3(au)? - 2)?
Qua B 8a’fuj :
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The numerator is concave quadratic in u, and 8w2(u2;u‘f’2)/8u2 is positive at uy, = (26 — aul
2)/(2aB). Thus, the rst-order optimality conditions are necessary and su cient (within the region
uy > (u)?) and uy > uf?), yielding uj?(u)?) as given by (EC.49).

As a result, Firm 2 has no incentive to deviate from u5* within the region u, > (u??) and u, > 2uf"?.

Second, consider Firm 1’s pro t expressions (EC.53) when u5? > (u;) and uy? > 2u;.
o If 0< <2, since

@ — au’ )(25+,/5(45+eak 3))

20, 8,2
uy?(uy ) =

2a8(1 —2ak)
263+ /B(4B + 6ak — 3)
> 20501 — 20) since uf? <1/a
2+ 5
> 250 under (EC.61)
J1+8 V2
2 Ba when 3 < >

2(14-8) —2Bau’ ? 2(14-8) —2Bauf 2
« «

the expression
B,
pro t in (EC.53) when u; > % we have
i) (a2 LY,

2 2
Ouy ui o ul

is negative. Hence, u; > . Thus, di erentiating Firm 1’s

5771@1;“52)

Since monotonically decreases in u;, and

Ouy
i ImiEt) | omGuid®) 20k (e +aud? _1-(aufY+ang?
u;—0 aul ’ 3u1 u1= ug 2 20((’(1,[3’2)2 20{(165’2)2

when ak < 0.5 and auf?® > (1+ )/, Firm 1’s best response (within u5? > (u;) and uj? > 2u,) can
be obtained by solving the rst-order optimality condition, yielding u%*(u5?) as given by (EC.49).

o If ? < <1, di erentiate Firm 1’s pro t in (EC.53) when u, > (u;) with respect to u;:

b auy+B(2—2au?)—2 28—2apul 2 +2
om1(uq; Ug’Q) R + 8pul? ? ur < a62
— K = B2 5 -
ou 1(_ 1 2B —2afuy " 42
1 2 2 Uy > ap

Firm 1’s pro tis pseudo-concave. Thus, Firm 1 has a single best response, which can be obtained from
solving the rst-order optimality condition. When 3 =1, since 23 —2afuy? +2 =4 —2auj? <0, there
does not exist any u; > 0 such that u; < (23 — 2aful” +2)/(a). Thus, we focus on 0 < 3 < 1 for this
case.

| Ifu < % (which implies that u5? < +£2), m (uy; us?) is strictly concave since

Pmy(uuy®) o« 2k
ou?  8Buy?  u}
< Q—Q — % since 2>2
166 oy’
2 3 + _ 8,2 —
L _a k since u, < 2(1+ B) — 2Baus - 2(1-8)
168 4(1-pB)3 a a
a? (1 2 . 1-3
< — |- < EC.61
<16 (ﬂ (1_5)2> since ak < 5 under (EC.61)

<0 since v2/2 < < 1.
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omy (u1 u2 )

Evaluating at the threshold, we have

Oy (ug;us®) 1, 2ak AR
uy  luy=20am 28wy T 5 (28 — 2apul® +2)2 ul?

B

1

1 20k 1) +
2 (“(<Zﬂ4ﬂ+2>2 B )
> % <a (1_5 - 1) + m) under (EC.61)

1+

o 2
Pt as 2 < auy® <
"'5) B

(26 —45+2)? 1+
B
4(1-pB)(1+5)
> 0.
Therefore, %ﬁ‘éﬂ) >0, and Firm 1’s pro t monotonically increases for all u; < %f?”.
Hence, in equilibrium, u;, > (28 — 2aBuf* +2)/(aB).
I Ifu > 28-208u3 742 , the pro t-maximizing publication cycle u?*(u5?) is given by (EC.49).

af
As a result, Firm 1 has no incentive to deviate from «}? within the region u5? > (u1) and uj? > 2u;.

Case (ii): u; > (u2) and u; > 2u,. We consider, in turn, deviations by Firm 1 and Firm 2 within the
region u; > (ug) and u; > 2u,. First, we check that Firm 1 has no incentive to set u; such that u; > (u§’2)
and u; > uj5®. Suppose that u; > 2uj?. Since u5? > L, Firm 1’s pro t is bounded by the average information
accumulated, given by (2), minus the publication cost, thus,

1 k
< -
m(ul’% )_ 20u1 U1
< % _ % since ak < 0.5 and u; > 2u5"?
4ausy’ 2uy’
_ 2
= A — 2ak) using (EC.49)
22— aut? (25 +/B@B +6ak — 3))
B(L - 2ak)?

since uf? < 1/a

2 (25+ ﬂ(4ﬁ+6ak—3))
B—2akB 1 SRR
).6(_45+2 B(4B+6Bak —3) — 3~ 6ak +6)

B(4B + 60k —3
<B<1 under (EC.61) >0 since this term is increasing in ak and by (EC.61)
—48+2+/B(48 +6ak — 3) — 3au ——+6 since ——— = <0 foru; >/ —
duq «
and u?® > \/2k/a by Lemma EC.13
w2y ).

Therefore, Firm 1 has no incentive to set u; such that u; > (u5?) and u; > u5. Next, we show that Firm
2 has no incentive to set u, such that uf’Q > (up) and uf’Q > uy. When uf’Q > ug, Firm 2’s pro ts are similar

to Firm 1's pro t in (EC.53). Using that u%? > (us) and that u, < u®? < 222=" (since %2 < 1/a)

2apB
yields:
+5(2-2 2?2 k
7 (ug;ul?) = (orug + fR2 —20uy™) =2 K (EC.64)
16 fu’? Uy
If 3<0.5, since uf"* > (ug) > 24 =2 +uy and u/? < 1/a, we have
£>2—257—O[U2+u2:>au2>1,

« 2a3
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which is a contradiction since u, < u?? < 1/« by assumption. Therefore, we restrict our subsequent analysis
to 0.5 < 3 < 1. Thus, using (EC.64), consider the following cubic equation:

h(us) := ma(ug; ul?) - 16afus?usy
=o?ul —4a(l— Bl — auf?))ui+4 ( - B(- Ocu[f’Q))2 ug — 16afku’?.

On the one hand, h(0) < 0. On the other hand, & (w) <0 and w > 20”2, Hence,
for Firm 2 to make a positive pro t somewhere in u, € (0,4??), the discriminant of h(uy) must be positive.
The discriminant is equal to 256a*Sku?*(1 — 2ak) (B), in which

B)=-5 (3au 2(9ak —2) — 232 (o} ? — 1) —63(auf? —1)? + 6) +2.
It is easy to check that (-) is monotonically decreasing in 5. Note that

<1) 1(1+au§*2(3 54ak) +3(auf )’ + (auf )’

2
: d (1+z(3 —54ak) + 32> +2°
%(1+6ak+3\[\/ F—52v/2(ak)? ) since 417 d(;) vHT)
and au}? > v2ak
1-8 1
<0 whenTgak<0.5and,B——

Thus, (3)<0,V0.5<p8<1.Asaresult, h(us) <0, Vu, < u??, 0.5 < B <1, which implies that 7, (us; u}?) <
0, Yus < uf?, v0.5< <1, i.e., Firm 2 cannot make a positive pro t. Hence, Firm 2 has no incentive to set

uy such that v)? > (uz) and u}"® > u,.

Case (iii): uz < (uy) and ug > 2uy. If uS’Z < (uy) and ug’Q > 2uq, ﬂl(ul;u§’2) =1-51—-au/2)—
k/u,, which is smaller than max, (1 — 8)(1 — au/2) — k/u= (1 — B) — \/2(1 — B)ak <0 by (EC.61). Hence,
Firm 1 has no incentive to set u; such that u5> < (u;) and u5> > 2u,. Now, consider Firm 2. If u, < (u}?)
and uy > 2uf? and uy < 1/a, then my(uy; ui?) = (1 — B)(1 — aus/2) — k/uy, Which is also nonpositive using a
—k/us, which
is strictly increasing in u, under (EC.61), showing that there is no best response in that region. Combining

similar argument. If u, < (u}?) and uy > 2uf? and uy > 1/a, then m(ug;uf?) = (1 — B) 5=

2aun

these two cases, Firm 2 has no incentive to set u, such that u, < (u}?) and uy > 2u}?.

Case (iv): u; < (u2) and u; > 2uy. Consider rst Firm 1. Similar to Firm 2 in Case (iii), its pro t,
when u; < (u§2) and u; > 2u§’2, is ﬂl(ul;u§’2) =1-5)

Saur ﬁ which is strictly increasing in u; under
(EC.61), showing that there is no best response in that region. Hence, Firm 1 has no incentive to set wu;
such that u; < (u5?) and wuy > 2u5®. Now consider Firm 2. Similar to Firm 1 in Case (iii), its pro t is

7o (ug; ul?) = (1 — B)(1 — auy/2) — k/uy, which is nonpositive under (EC.61). Hence, Firm 2 has no incentive
to set u, such that u/? < (u,) and uy > 2u5?

Case (v): u; =u,. By Lemma EC.12, setting cu; < 1 is a best response to u5? since au’? > 1. Hence,
Firm 1 has no incentive to set u; = u2 . Now, consider Firm 2. If it sets uy = u1 , then uy < 1/a. By

(EC.55), Firm 2’s pro t is my(u??;uf?) = (1 — B)(1 — au}?/2) — k/u?, which is smaller than or equal to
max,(1—- )1 —au/2)—k/u=(1- ﬁ) —/2(1 - B)ak <0 by (EC.61). Hence, Firm 2 has no incentive to set
8,2

Ug = Up"" .
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Hence, no deviation is pro table. Therefore, assuming that Firm 1 publishes more frequently, (u?"?, u5?)
is a Nash equilibrium. Since the roles of the rms can be inverted, there exists a pair of Nash equilibria. One
can show uniqueness of this pair of equilibria by applying a similar logic to the argument above; details are
omitted. O

Proof of Proposition 5. For notational simplicity, we use superscript 5 in place of (3,2).

e Applying the implicit function theorem to the pair of best responses in (EC.49), we obtain:

1 vk | reu 0
V 2“2(0‘“571)3/2 W = 3 27(xuﬁ
3 1 ull _ 3Qew) |
46—-2./B(45+6ak—3) 28 4aBr/B(48+6ak—3)
yielding
oul 1 ——— 0
[8%] -1 s V/2uf (auf —1)3/2 [ 3(2—auf) ]
T; 74B72\/B(4B+6ak73) 4apBy/B(4B+6ak—3)
B k.
_ 1 32 — au) V2l (auf—1)3/2 ’
D4a,8\/ﬁ(4ﬁ+6ak—3) 1
where

=1-— 3 . \/E
45—2\/6(4ﬁ+6ak—3) 2u§(au§—l)3/2

(EC.65)

1 3ak .
=1- sing (EC.49
aug—l\l 22— au?) <746+2(\/6(46+6ak—3)+3) 73auf> sing ¢ )
>0

since au} <1 by Lemma EC.12, auj > 2 by Lemma EC.6, ak < 0.5 and

4B +2 (\/ﬁ(4ﬁ ¥ 6ak—3)+ 3) —3au’ > —48+2(8+3) — 3au? under (EC.61)
>1 by Lemma EC.12 and since g < 1.

Thus, 24 <0 and 24 >0
" BB o~ O

e Now, let us consider the pro ts in (EC.62). By the envelope theorem,
dmy (uf;uf) _ Omi(ufsul) ouf | Omi(uf;uf)
ds ouj 0B B
As, using the pro t expressions from (EC.62),

om (Uia uj) _2- au;f >0, ai‘; >0, Om (ug; uz) =0,
Ousy 20zu§ B op
we have
dwl(u’f;ug) < 0.
dg
Similarly,

dmy(uy;ul)  Omo(ul;uf) 871/13 + oy (ufy;ul)
dg ol B op
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As, using again the pro t expressions from (EC.63),

B. B B4 2 B _ 2 B
8772(%5, uy) _ auy aﬁu; -0, Ouy <0,
duy 4o Bul op
and
Omau,uf) __@—au)’
=_ 5 ,
ap 803 82uf
we have

dma(uf, u5)
ds
e It is straightforward that «%"' and u5" increase in 8 and that the corresponding pro ts ="' and 75!
in (EC.60) decrease in 8. O

<0.

EC.4. Publishers with Different Fixed Costs
THEOREM EC.1. Suppose that k; < k,. There exists an equilibrium in the publishing game (10) in which

Firm 1 publishes faster than Firm 2. The equilibrium publication cycles solve:

= 2k uk o = (VBak, +1+2) (Zfau’f).
! auf -1 2 2a(1 — 2aks)

Proof. Since the pricing game does not involve the xed publication cost, the pricing equilibria are

(EC.66)

identical to those presented in Lemma EC.2 (when au; <1< auy) and Lemma EC.5 (when au; < aus < 1),
with with k replaced by k; in 7;(u;;u_;) for i € {1,2}.

In the publishing game, the best response functions (EC.66) can be derived as in Theorem 2; following
the rationale of Lemma EC.6, the best responses (EC.66) cross only once with u* € [O, i] and like Theorem
2, the leapfrogging incentives are only weaker because Firm 2 has a larger xed cost. [

Proof of Proposition 6. e Applying the implicit function theorem to the pair of best responses
(EC.66), we get

l \/a Bu’f ué
\/2u§(&u§—1)3/2 [ak ‘| — 2k (au
3 Ouy ’
4-2,/6ake+1 1 Y 0
which yields
[‘9“]16‘| 1 uk 1
ok — 2
M=\ oy o Ve
ou k ’
e D\ 2k (aub —1) T ok k132
—1_ 3 ) kL . . .
where D=1 y= 2\/6ak2+1 NET P > 0 following the same rationale as in (EC.65).
Thus, 2 aT . >0and 8“2 < 0. Similarly, one can show that 8"1 <0 and 8“2 > 0.
e Similar to Lemma EC.2, the equilibrium pro ts are:
2— 1) k ky2auk —2)2 Kk
T B R .
2ccuk ub 8adub us

Taking derivatives, we have

orr  2—au® ork  auf +2auk -2
1 1 >O7 2 - 1 2 >0’

E 2 k 3
Ous  20uk Ouy 4a2ul
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and, for i =1,2,
om - 1 g
ok,  uk

Applying the envelope theorem,

drk  ont Ouk, N ork <0
dk, ~ OuF, Ok, Ok
—— Y~ =

dr*, ok, Oul +87TEZ. S0 O
dk,  ouF Ok, Ok, ~

+ o+ 0

EC.5. Publishers with Different Time Sensitivity
THEOREM EC.2. Suppose that «; < . There exists an equilibrium in the publishing game (10) in which
Firm 1 publishes faster than Firm 2. The equilibrium cycles solve:

o= 20z kug o = (VBazk +1+2) (ayus —2) (EC.67)
! ar(apug —1)7 2 20520k — 1) ' '

Proof. The proof is similar to that of Theorem 2. Similar to Lemma EC.3 and Corollary EC.6, one can

show that in equilibrium o;u$ <1 and asu$ > 1. Hence, we obtain, similar to Lemma EC.2, the following
equilibrium pro ts:

(1u1 —2agug)? k < 4=2aup (a1ui+200uz)* & w, < Amoawm
Cas) = 1 - Uy = . Cy— 512a5ud uz 2> T,
w1 (U ug) = 6oz v o1 mo(uy; ug) = 2
T2 Qoaqui)(agua=l) k. 4-2azus ’ 2101 T2 (c1u1+2a0up—2)2 k d—ajuy °
Seon — uy > So3.3 - Ug > —5
2ug uy %1 asuy ug (o]
(EC.68)

By analyzing the rms’ pro ts, we obtain their best responses (EC.67), which are analogous to (11). In
particular, we have i—’: <uf < 2\/%, similar to Lemma EC.6.

The proof of existence and uniqueness of the Nash equilibrium proceeds in three steps: establish that the
best responses cross exactly once, show that Firm 2 has no incentive to set u, <u§, and show that Firm 1

has no incentive to set u; > ug. All three steps are similar to the proof of Theorem 2. O

Proof of Proposition 7. Change in a;. We rst characterize u§(a;), then u§(aq), and nally 7§ («;) and
W;(al).

e Solving (EC.67) for u$, we obtain that «§ must solve g*(u;) =0, in which
g“(u1) == —2a3u? (\/6]43()&2]{3 +1+ 1) —6a’kuy + 12ak + 3adud. (EC.69)

Since 22" equal to ay (uy (9arur — 4 (VBagk +1+1)) —6k), is convex in uy, its maximum is
1
attained at either end of the boundaries. Because 0 < u{ < 2, /ai1 (see the proof of Theorem EC.2) and

Qg 2 Q,

dg(u?)

ug=0 Ou$

dg(us) _ { 9g(u)

ouf ouy

u‘l“—Z\/Z}



e-companion to Chen and Roels: Competing on Publication Frequency ec3l

=max { —6a,k, 1201k — 4v/2\/ark (\/604214: Y1+ 1)

<0

< max w,@(u@%ﬁ (\/m+ 1))
<0

increasing, maximum=-8.4 when a;k=0.5
<0.
Thus,
dg* (ug)
ous
Since u—ll%“l”), equal to 2 (u; (Barus —vBask+1—1) —3k), is convex and 0 < u§ <
min {21 /ail, L% (see the proof of Theorem EC.2) and a5 > a4, We obtain

oy

10¢°@d) _ { 109@d)| 1 dg(uf) }
u¢=2,/k
1 g

uf daq T uf Oax lug=0"u$ daz

<0. (EC.70)

2k

= max {—Gk, 6k — 2
a1

(\/W+l)}

<max ] 6k, \/E [ovark—2v2 (Ve 1+1)]
a1

concave, maximized at a1 k=0.5 and the maximum is —4.24

<0,

which implies that

99 (uf)
——= <0.
80{1
Thus, by the implicit function theorem,
ous _ agaxl <0
day 9o (ug)
ouf

e Substituting au; by z =au, in (EC.69), we have

9% () = 1201k — 222 (\/604216 F 1+ 1) — 6aska + 32°.
Let 2® = au§. Since
99°(z%) _

S = Ot =2)>0

and
89;£fa) = 6ok — 4z° (\/Gagk ¥ 1+ 1) +9(27)?
< max{ —6ayk — 4a° (\/Gan F1+ 1) +9(z")>
=0

—6ask — 4z° (\/6a2k+1+1) @ k}
Smax{—6a1k730a1k:—8@(\/6a2k+1+1)}

)

<max{ —6ark, \/ark [30@- 8 (\/m+ 1)}

increasing and negative when a;k=0.5

<0,
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we obtain, by the implicit function theorem, that

ox™ LQSQ)
o —gaiay >0
ox™
Because
o (VBak+1+2)2—oqug) _ (VBazk +1+2)(2—a°)
Y2 = 205(1 — 20k) - 200(1— 200k)
we have

oug _ bagk+1+2 dx°

day 2a5(1 — 2a0k) . Oay

e Consider Firm 1’s pro t in (EC.68). By the envelope theorem,
dry _ Onf Oug . ony

dal_aug da;  Oay
= 2-oup 8ug‘+u‘f< 1 1)<0

<0.

20us? "o, 2 asug
—_—— =
+ since ajuf<1 - — since azugy >1
Plugging the inverse of Firm 2’s best response in (EC.67) into Firm 2’s pro t in (EC.68), we obtain
aN — _a a—1 - - _-60{2]{+\/60[2k+1+1
g(us) i=my (uy ™ (ug),uy) = 9 o .
QoUsg

Thus, by taking the total derivatives, we have
dg(us) _ Og(ug) dus | 9g(u3)

dag ou§ Oan ooy
=7—6a2k+\/6a2k+1+1 .%+0>0.
9z (ug)? ooy
——

Change in ay. We rst characterize u§(az), then u$(as), and nally 7¢(az) and 75 (as).

e Consider again (EC.69). As
9g°(ug) _ 6ajku?

das ok +1
and % < 0 by (EC.70), we obtain, by the implicit function theorem,

<0

ou 9g% (uf')
Uy _ __ Oap < 0
Oay 992 (ug) '
ug

e Applying the implicit function theorem to (EC.67), we get

1 air/ask Sue o a4/ kug
1
\/211,2((:1(04211,2—1))3/2 Ba& — V 20‘2(0‘1(&2'“'2_1))3/2
Yoy Lo+ /Gag il guz (Qw/6a2k+1—a2k(18a2k+8 6a2k+1+1)+1)(2—a1u1) )
2az—4a3k 1 o2 202 (200k—1)2/6azk+1
which yields that
uf 1 _ ary/azk o ay4/kug
Ba(o; — i v/ 2uz (a1 (agug—1))3/2 20z (a1 (azug—1))3/2
qu D 2aytogr/Gaghil 1 (2,/6a2k+1—a2k 18ask+8 6a2k+1+1)+1)(2—a1u1)
o2 T 2as—4aZk 203 (2a2k—1)24/6azk+1 ’
Vazk 201 +a1/6ak+1 . . .
where D =1 — Ny LTV S 0 following the same rationale as in (EC.65).
V/2uz (a1 (agug—1))3/2 20 —dogk

ous
dag

When ask < 0.23, 2¢/6ask +1 — ask (18a2k +8y6ask+ 1+ 1) +1 > 0 and therefore <0.
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e Plugging Firm 2’s best response in (EC.67) into Firm 1’s pro t in (EC.68), we obtain the equilibrium
pro t
f@?) = (us,us(@y)) = % (2\/6042]6 +1-— Z—Iz —3aquf + 2) .
1
Taking the total derivatives, we get
df(us) _ 0f(up) dus | 9 (us)

das ous Oasy Oauy

= (F 041) out , kg
ug? 2 Oas  Bagk+1
—— N —, W, —
2k - +

— 1 [e3
, since u{*> a1

Consider Firm 2’s pro t in (EC.68). By the envelope theorem,

drs _ Ong Oug . ong
day, oug day  Oag

ag(aqud +20us —2) ousd  (aiud +2aus —2)(Baud + 205us — 6
— 1 2 ouy 1 2 1 2 <0
dadug? Oy 8asug® ’

+, since agug>1 -

since

(60[216 +/6ask+1— 1) 2 —ajuy)
1-— 205k

>0 since acug <1. O

3ouf +2auy —6= using (EC.67)
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