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1 Introduction

The online advertising market is a major source of revenue for many digital publishers,

including news and review websites, blogs and app developers. In this market, a complex

chain of firms, referred to as adtech intermediaries, serves as the link between advertisers

and publishers.1 These intermediaries absorb a substantial share of the resources that

advertisers spend on digital ads, in what is generally referred to as the adtech tax.2 Despite

its key role, the economics of the adtech industry and its impact on the production of

digital content have not been fully explored to date. Our objective is to address this gap.

We focus on two issues that have drawn the attention of regulators and practitioners:

the high level of concentration within the adtech intermediation market and the integra-

tion of adtech intermediaries with major publishers that provide content and consumer

services (ACCC, 2019; CMA, 2020; Stigler Committee on Digital Platforms, 2019). A

striking example is Google which dominates almost every link of the adtech value stack

(IAB, 2017). Its adtech ecosystem includes indispensable adtech intermediation services,

as well as highly popular services such as digital maps (Google Maps), and video stream-

ing (YouTube). These aspects raise several mutually reinforcing concerns. First, an

intermediary integrated with important publishers may force advertisers to use its own

intermediation services to access its owned-and-operated ad inventory.3 Moreover, the

firm also has exclusive access to unique user data generated on its own websites (the

“walled garden”). This exclusive access to data allows for more effective allocation of

ads, not only when managing its own ad inventory but also that of third-party publish-

ers. A direct consequence of this data advantage is that advertisers may be willing to

pay more for placing ads to more precisely targeted consumers which compounds the

advantages conferred on the integrated firm’s services. These advantages translate into

market power which enable the (integrated) firm to extract a significant adtech tax from

advertisers and publishers.4

1This chain includes supply-side platforms (SSPs) that collect ad inventories from publishers and run
ad auctions; demand-side platforms (DSPs) that allow advertisers to buy ad inventories; publisher ad
servers, that manage publishers’ inventory and decide which ad to serve, based on the bids received from
SSPs and direct deals between the publisher and advertisers. See CMA (2020) for an analysis of this
market.

2The ISBA and PwC estimate that roughly half of the value bid by advertisers in programmatic
advertising auctions actually reaches the publishers carrying their impressions, see https://tinyurl.

com/4995vd4w. A recent study by the Competition and Markets Authority on the digital ad market
estimates that at least 35% of the value of the purchased advertising is captured by intermediary fees
(CMA, 2020). Gordon et al. (2021) point out that the share of digital ad spend going to intermediaries
is nearly triple the traditional agency commission.

3Google requires advertisers to use Google’s own Ad Manager to dis-
play ads on YouTube, and allegedly favoring its own ad exchanges.
For more details see, https://www.theverge.com/2021/6/22/22544921/

european-commission-google-antitrust-investigation-ad-tech-advertising-services?

utm_source=chatgpt.com
4In 2023, the U.S. justice Department sued Google for illegally monopolizing the digital advertising

market (see https://tinyurl.com/mvy8r2d8). The European Commission has also recently raised
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An emerging concern associated with the growing market power of integrated interme-

diaries is its broader effect on content provision by independent publishers (Cairncross,

2019). When independent publishers are subject to a higher adtech tax, their incen-

tives to invest in content quality are reduced. At the same time, the additional revenue

generated through the adtech tax may enable the integrated firm’s own publishing arm

to increase its investment in content quality. This, in turn, increases the proportion of

single-homing consumers in the integrated firm’s demand, thereby expanding the (inte-

grated) firm’s access to exclusive data. As a result, the integrated firm’s dominance in the

adtech intermediation market is strengthened, thereby enhancing its capacity to further

raise the adtech tax.

To address the above concerns, in this paper we study the connection between the

market power in adtech intermediation market and content creation. Our main contri-

bution is to provide a framework to study the interplay between competition in adtech

intermediation market and investment in content quality. In so doing, we analyze the

determinants of the adtech tax and its impact on content provision.

We propose a model with two publishers and two competing adtech intermediaries.

We first study the Vertical Separation case where all adtech intermediaries and publish-

ers are separate firms. For each ad impression, a publisher sends a bid request to both

intermediaries. In turn, the adtech intermediaries collect bids from the advertisers via

first-price auctions. We model diminishing returns to advertising deriving from exces-

sive repetition on multi-homing consumers.5 In equilibrium, each advertiser acquires its

impressions only via a single intermediary, which can thus fully control the frequency of

impressions, avoiding repetition. Competition among advertisers ensures that the inter-

mediaries extract all surplus from ads. However, the intermediaries must also compete

among each other to distribute the impressions. This allows the publishers to capture

the whole advertising surplus. Hence, the intermediaries cannot impose any adtech tax,

given that they are on a level playing field.

We then consider the scenario where an intermediary and a publisher are integrated

which we refer to as the Vertical Integration case. The integrated intermediary has ex-

clusive access to the ad inventory of the integrated publisher, as well as to the data that

consumers generate while browsing that publisher. Thus, the intermediary can leverage

the information gathered from its integrated publisher to match consumers with adver-

tisers and manage frequency more effectively than its rival. As a result, the integrated

concerns regarding Google’s dominant position in the ad intermediation market, see https://tinyurl.
com/3f748hzh. Furthermore, some U.S. States sued Google in 2020 for illegally monopolizing the digital
advertising market, see https://casetext.com/case/texas-v-google-llc. Most recently, Google
was the subject of a lawsuit launched by several media firms, claiming that “without Google’s abuse
of its dominant position, the media companies would have received significantly higher revenues from
advertising and paid lower fees for ad tech services”. See https://tinyurl.com/y2acf7e5.

5Decreasing returns in ad exposure imply that advertisers value the ability to manage the number of
times a user is shown an ad over a period of time (CMA, 2020).
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intermediary monopolizes the market and can now impose an adtech tax on the im-

pressions displayed on the independent publisher. This tax increases with the share of

multi-homing consumers because the integrated firm’s competitive advantage stems from

its unique ability to track consumers across outlets.

Using the above results, we examine the relation between vertical integration, the

adtech tax and investment in content quality. The independent publisher invests less than

in the separation scenario because the adtech tax reduces the revenue from attracting

consumers. The effect on investment by the integrated publisher is more subtle. Although

this publisher captures the full revenue from its own impressions in both scenarios, we

find that its incentive to invest is stronger with integration. This is due to the effect of

quality on the size of the adtech tax. By making its own content more attractive, the

integrated publisher increases the share of multi-homers in the rival’s audience. Hence,

the adtech tax increases, to the benefit of the integrated intermediary. These results

lend support to the concerns on integration that creates a feedback loop between market

power in adtech and in content provision.

In our model, keeping quality investment constant, vertical integration does not af-

fect total welfare, because the allocation of ads by the intermediaries is fully efficient in

both scenarios. However, due to the higher adtech tax under vertical integration, the

distribution of profits changes in favor of the integrated firm. When taking the effect

on content quality into account, we find that the impact of integration on social welfare

is mixed. Quality is under-provided under vertical separation, as each publisher only

internalizes the effect of quality on advertising revenue, ignoring consumer surplus. In-

tegration aggravates the under-provision for the independent publisher but alleviates it

for the integrated firm. The net impact on welfare depends on which effect prevails (see

Section 5).

We employ our framework to evaluate some policies intended to address the market

imbalances caused by integration. Consistently with the provisions in the DMA (2022),

we consider a policy forbidding data sharing among service inside an ecosystem.6 Another

possibility is to discourage self-preferencing inside the ecosystem by forbidding exclusive

sale of own inventories. We find that neither measure would work by itself, but deploying

them concurrently would restore the same market outcomes as with separation. This

finding highlights a trade-off between reducing the adtech tax and consumer privacy, and

points to a possible unintended consequence of privacy regulation, such as the GDPR

(see European Parliament (2016)).

In the final part of the analysis, we extend the baseline model in several directions. We

consider the possibility that independent publishers allocate their impressions through

direct contracts with the advertisers, rather than online auctions, or impose a reserve

6The DMA (2022) prevents “gatekeepers from unfairly benefiting from their dual role” and emphasizes
interoperability as a way to boost contestability of markets.
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price. Both measures would reduce the adtech tax, and improve investment in content of

the independent publisher, though they would not eliminate this tax completely. We also

consider the effects of a merger between the independent publisher and intermediary,

creating competing vertically integrated ecosystems. We show that, while this would

eliminate the adtech tax, it would also reduce the overall efficiency of the ad market, by

reducing the ability of the ecosystems to track consumers across outlets.

The remainder of the paper is structured as follows. In section 2, we discuss the related

literature. In section 3, we present the model setup. In Section 4, we present the analysis

for the vertical separation case and the vertical integration case. In Section 5 we derive

the welfare effects of vertical integration. In Section 6, we study policy interventions.

Section 7 provides some extensions. Then, Section 8 summarizes the conclusion of the

analysis, the managerial implications (see Section 8.1) and the policy implications (see

Section 8.2). The proofs are available in the Appendix.

2 Related Literature

This work contributes to the recent literature on intermediaries in the online advertising

market. Sayedi (2018) studies the allocation of the ad inventories of digital publishers

between real-time bidding through intermediaries and reservation contracts. D’Annunzio

and Russo (2020) model an ad network with multi-homing consumers and advertisers,

studying how the ad network affects the intensity of advertising on the publishers’ content.

Marotta et al. (2022) consider a platform that shares consumer information with advertis-

ers and study its affects on competition in the product market.7 This literature has also

considered the incentives of intermediaries to retain information in ad auctions (Rafieian

and Yoganarasimhan, 2021; Decarolis et al., 2023; D’Annunzio and Russo, 2023).

Only a few recent papers have considered competition among intermediaries. Sharma

et al. (2025) consider two intermediaries that are horizontally differentiated (from the

perspective of publishers). In such a setting, they consider the impact of data regulation

on asymmetric intermediaries and publishers. Despotakis et al. (2021) considers how

industry moves to header bidding encourages intermediaries to transition from second- to

first-price auctions. Decarolis et al. (2024) study search auctions and find that advertis-

ers find it profitable to use platforms with more data and more sophisticated algorithms.

Zeithammer and Choi (2024) considers competing adtech intermediaries and elicit the

(vertical) inefficiencies associated with the presence of intermediaries. We contribute to

this literature by studying integration between an intermediary and a major digital pub-

lisher, considering the effects not only on competition in the adtech market but also on

the market for content, and evaluating the impact on investment in quality by digital

7In related work, Bergemann et al. (2025) study the allocation of advertising budgets by firms using
auto-bidding algorithms.
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publishers. More specifically, our analysis characterizes the link between vertical inte-

gration and the adtech tax, the interplay between this tax and content quality, and the

ensuing market outcomes.

Our work is also related to the literature on multi-homing in media and advertising

markets (Ambrus et al., 2016; Athey et al., 2018; Amaldoss and Du, 2023). These papers

are centered on the observation that ad campaigns exposing consumers to multiple ads

on multiple publishers produce inefficiencies. We contribute to this literature by studying

how multi-homing affects competition at multiple levels, i.e., among digital publishers as

well as ad intermediaries. Moreover, we explore the key role of multi-homing by consumers

and advertisers in driving the relationship between the adtech tax and investment in

content quality.

Taking a broader perspective, there is a large body of literature on vertical integration

and exclusive agreements in media and digital markets characterized by network effects

(see, e.g., Weeds, 2016, D’Annunzio, 2017, and Carroni et al., 2023). We contribute to this

literature by studying vertical integration in the adtech industry, which has so far been

overlooked. In so doing, we focus on exclusive access to ad inventories and consumer data

as key competitive advantages for an integrated ad intermediary. Moreover, we examine

a novel link between integration and investment in quality. This relates to how quality

affects the composition of audiences (single- vs. multi-homing consumers), and, through

this, the adtech tax that the integrated firm can impose on independent publishers.8

Finally, our study contributes to the growing literature on regulation in the adtech

sector. Witte and Krämer (2025) discuss multiple anti-competitive concerns associated

with Google’s dominance in the adtech market and propose regulatory remedies. Latham

et al. (2021) considers the adtech market in stylized setting and discusses how anti-

competitive conduct reinforces each other. Our paper builds on these ideas and formalizes

them in a game theoretic model, which helps in evaluating the claims presented in these

influential works.

3 The model

We consider a setting with two intermediaries, denoted by Ii, with i ∈ {1, 2}, and two

digital publishers, denoted by Pp, with p ∈ {1, 2}. We study two market structures:

one where each firm is independent (denoted by V S), and one where intermediary I1 is

integrated with publisher P1 (denoted by V I) (see Figure 1).

8For earlier literature on vertical integration and exclusivity, see Mathewson and Winter (1987),
Ordover et al. (1990), Hart et al. (1990), Bolton and Whinston (1991), Segal and Whinston (2000), and
Spector (2011).
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Figure 1: Market Structures

Consumers. There is a unit mass of consumers, who get the following net utility from

visiting publisher p ∈ {1, 2}:

Vp(up, qp) = up + γqp − c.

The parameters up ≥ 0 capture the idiosyncratic preferences for publisher p, and are

distributed according to a joint distribution with smooth density h(u1, u2). The variable

qp is p’s content quality, γ > 0 is the marginal value from each unit of quality and c > 0

is the cost of visiting (opportunity cost of time and/or nuisance from ads).

We denote as Dp the quantity of consumers who visit only publisher p (single-homers),

as D12 the quantity of consumers who visit both (multi-homers) and as D0 the quantity of

consumers visiting no publisher (zero-homers). These demands are specified as follows9

Dp(qp, q−p) = Pr(Vp ≥ 0, V−p < 0) for p,−p ∈ {1, 2} and p ̸= −p, (1)

D12(q1, q2) = Pr(V1 ≥ 0, V2 ≥ 0), D0(q1, q2) = Pr(V1 < 0, V2 < 0). (2)

The demand system has the following notable properties. First, an increase in qp

attracts more consumers to p, who were either single-homing on the other publisher −p,

or zero-homers. Formally, we have ∂Dp

∂qp
≥ 0, ∂D12

∂qp
≥ 0 and ∂D−p

∂qp
≤ 0. Second, while

the composition of publisher’s −p audience changes with qp, its total size does not, i.e.,
∂D12+D−p

∂qp
= 0.

We assume each visit exposes the consumer to one ad. Hence, single-homers see one

9In the following, we omit the arguments of the demand functions for ease of exposition, unless strictly
necessary.
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ad, whereas multi-homers see two ads, one on each publisher. Each consumer is charac-

terized by a type, θ, summarizing a set of characteristics, such as interests, demographics

and location, which determines her/his relevance to the advertisers. The parameter θ is

distributed according to a smooth distribution F (θ), which is independent of the distri-

bution of (u1, u2).

Advertisers. We refer to each θ as an advertising market. In each advertising market,

there are n ≥ 6 identical advertisers.10 For each θ, the advertisers have a message that

generates a positive return only if it reaches consumers of the right type (e.g., information

about a product or deal that type-θ consumers care for). The return from informing

consumers in ad market θ with the proper message is v(θ) ∈ [0, vH ], which is private

information of the advertisers. There is no return from informing consumers with the

wrong message. Let v ≡
∫ vH
0

v(θ) dF (θ) be the mean value of v(θ). We assume one

impression is enough to inform a consumer. Hence, impressing the same consumer twice

with the same ad is wasteful (Ambrus et al., 2016).

Publishers. At the start of the game, each publisher chooses the quality of its content,

qp, while facing an increasing and convex cost kp(qp). The publishers are entirely ad-

financed and must rely on an intermediary to sell their impressions. In the baseline

model, we assume the publishers allocate their impressions to the intermediaries via

auctions.11 In the V S scenario, every publisher makes each impression available (i.e.,

sends a bid request) to both intermediaries. In the V I scenario, P1 makes its impressions

available only to I1 while P2 makes its impressions available to all intermediaries.

Intermediaries. When receiving a bid request from a publisher, each intermediary

collects bids from the advertisers, and then sends its own bid to the publisher. All auctions

are first-price. The publisher assigns the impression to the intermediary submitting the

highest bid, and the latter allocates the impression to the advertiser sending the highest

bid. If the top bids are equal, the impression is allocated randomly among the top bidders.

Let bip be an advertiser’s bid for an impression on publisher p auctioned by intermediary

i, and Bi
p be the bid that intermediary i sends to publisher p for that impression.

When auctioning an impression, the intermediaries disclose the information they pos-

sess about the consumer to the advertisers. We assume that if the intermediary receives

bid requests from both publishers, it can track the activity of each consumer on both

websites (e.g., with third-party cookies). That is, the intermediary can observe whether

10We assume n ≥ 6, so that there is always an equilibrium with at least three advertisers bidding
for impressions on each intermediary. This assumption ensures that intermediaries prefer to fully reveal
consumer information to advertisers, despite the market-thinning effect (Levin and Milgrom, 2010 and
D’Annunzio and Russo, 2023).

11In an extension, we consider a setting where publishers can directly contract with intermediaries
instead of auctions (see Subsection 7.2).
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the consumer is a single- or multi-homer and control which other impression (if any)

she receives when visiting the other publisher. However, an intermediary cannot observe

which ad a consumer is exposed to if delivered by the other intermediary.12 Moreover,

the ability to track consumers on both publishers allows an intermediary to identify the

type θ of the consumer and get an expected return v(θ).

In the V I scenario, the data generated by consumers visiting P1 is unavailable to I2,

which cannot track them across outlets. This puts I2 at a disadvantage compared to I1.

First, I2 cannot distinguish between single- and multi-homing consumers. Moreover, as

I2 has access to fewer data about consumers, it can identify their type with less precision.

Accordingly, the expected return from an impression sold by I2 is z × v(θ), with z < 1.

This parameter captures the reduced ability to identify consumers with a lower amount

of data.13

Timing. We summarize the model by describing the timing of moves:

t=1 The publishers set qp.

t=2 Consumers visit the publishers and all impression opportunities are generated si-

multaneously. In V S, each publisher sends a bid request for each impression to

both intermediaries I1 and I2. In V I, only P2 does that.

t=3 For each impression, the advertisers submit a bid bip to the intermediary.

t=4 For each impression, the intermediaries submit a bid Bi
p to publisher p.

t=5 All payments are made and consumers are exposed to ads.

Equilibrium concept and multiplicity. The equilibrium concept we adopt is Subgame-

Perfect Nash Equilibrium. To avoid equilibrium multiplicity at stage 3, we assume that

(i) when choosing between multiple strategies that yield identical profit, the advertisers

prefer one-stop shop campaigns, i.e., to acquire impressions from a single intermediary;14

(ii) if still indifferent among these strategies, advertisers prefer to acquire the largest

12This assumption captures the difficulty of managing the frequency of exposure to ads for multi-outlet
advertising campaigns when using multiple intermediaries.

13There are other factors that may make the advertisers to value impressions delivered by integrated
intermediaries such as Google at a premium. These include data advantage, ease of use, access to
advertising slots on highly popular websites (e.g.,Youtube), integration with Google’s Analytics tools
and the ability to de-duplicate data from across the Google stack (Witte and Kraemer, 2023; Aridor
et al., 2024). We do not consider these factors for simplicity but incorporating them in the model would
not affect our results.

14This assumption is consistent with the difficulties that advertisers face when running campaigns using
multiple platforms. CMA (2020) reports in paragraph 5.219 that using a single demand side platform
(DSP) allows advertisers to manage frequency caps over the entire campaign and facilitates audience
management and reporting.
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volume of impressions. These assumptions are inconsequential for the results. Their pur-

pose is only to rule out equilibria where advertisers acquire impressions on single- and

multi-homers via multiple intermediaries in the V S scenario. These equilibria yield the

same prices and revenues for all parties as the equilibria we characterize below.

3.1 Discussion of the setup

Our focus is on the fully automated segment of the advertising market, in which the

allocation of impressions takes place through subsequent online auctions. This part of the

market is populated by relatively large publishers.15 In the V I scenario, we assume there

is “self-preferencing” by the integrated publisher, that makes its impressions available

only within its own adtech ecosystem. This captures the current market configuration

regarding “owned and operated” advertising inventories of large ecosystems like Google.

See Section 7 for a version of the model where the publishers engage in direct contracting

with the intermediaries, rather than sell their impressions via auctions.

Unlike the intermediaries, publishers cannot track consumers across outlets and lack

the necessary information to match them to the advertisers. In addition, publishers have

no visibility on the outcome of the auctions run by the intermediaries. These assumptions

reflect typical information asymmetries between publishers and intermediaries. However,

the publishers may have aggregate information about the distribution of advertising re-

turns, which they can use to set a reservation price. We allow for this possibility in an

extension (See Section 7).

We assume diminishing returns to advertising to focus on the inefficiencies gener-

ated by imperfect frequency capping and excessive repetition.16 In some markets the

advertisers may want to place multiple ads on the same consumer to ensure she retains

their message. Moreover, returns from informing a consumer may depend on whether

she is exposed to ads by competitors. We ignore these possibilities for simplicity but

incorporating them would not qualitatively affect our results.

4 Analysis

We begin by studying stages 3 and 4, taking the outcome of the previous stages as given.

In so doing, we focus on the effects of integration on publishers and intermediaries given

the quality of content. We then study the choice of content quality at Stage 1. Consumer

demands at stage 2, given q1 and q2, are as characterized in equations (1) and (2).

15See CMA (2020), Appendix M, and https://www.publift.com/blog/

google-adx-vs-google-adsense.
16For anecdotal evidence on the relevance of this issue to the advertising industry, see https://

tinyurl.com/ycyfphk4. On the concerns expressed by industry bodies see (https://tinyurl.com/
48wec992), and on those expressed by ad agencies see (https://tinyurl.com/bdh4hc5a).
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4.1 Stages 3 and 4: the effect of V I on the ad market

4.1.1 V S scenario

Stage 4

Consider an impression on publisher p ∈ {1, 2} and let b
i

p be the top bid received at stage

3 by Ii for this impression. This is also Ii’s willingness to pay to acquire the impression

from p at stage 4. The impression is won by the intermediary with the highest willingness

to pay, and the equilibrium price paid by the winning intermediary to publisher p, Bp,

equals the second-highest value of b
i

p, for i ∈ {1, 2}.

Lemma 1 In the V S scenario, at stage 4 each impression on publisher p is acquired by

the intermediary that receives the highest bid from the advertisers (i.e., max(b
2

p, b
1

p)) at a

price Bp = min(b
2

p, b
1

p).

Stage 3

Consider the willingness to pay of an advertiser for an impression in market θ that takes

place on Pp and is auctioned by Ii. If the impression falls on a single-homer, all advertisers

are willing to pay v(θ) for it. Hence, we have b
i

p = v(θ),∀i, p.
Now suppose the impression falls on a multi-homer. Ii can inform each advertiser

if it is already sending an impression to the same consumer when she visits the other

publisher, P−p, provided this impression is also distributed by Ii. If the advertiser knows

the impression is repeated, its willingness to pay for it is zero. Hence, if the advertiser

acquires all its impressions via the same intermediary, there is no possibility that it buys

repeated impressions on the same consumer. However, if the advertiser acquires some

impressions via the other intermediary, I−i, there is such possibility. This is due to the

lack of information sharing between the intermediaries. More precisely, even if it is not

sending an impression to the same consumer via Ii, the advertiser’s willingness to pay for

an impression auctioned by this intermediary is v(θ)(1−δ−i
−p(MH)), where δ−i

−p(MH) is the

share of impressions on multi-homers taking place on −p acquired by the advertiser via

I−i. This equals the probability that the consumer is already exposed to the advertiser’s

message on the other publisher.

The above discussion establishes that, due to the risk of repetition, impressions on

multi-homers sold by different intermediaries are perceived as substitutes by the adver-

tisers. Given this substitutability, we show in Appendix A.1 that in equilibrium each

advertiser acquires impressions only via one intermediary: some advertisers place win-

ning bids only on I1 and others only on I2. By so doing, each advertiser ensures that

its impressions are allocated efficiently, because the intermediary can fully control the

frequency of exposure on multiple publishers. Indeed, there is no repetition in equilib-

rium and all impressions generate the maximum advertising surplus in each market, v(θ).
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Furthermore, v(θ) is the equilibrium price of each impression. Even for impressions on

multi-homers there are at least two advertisers who are willing to bid this much, as they

cannot already be impressing the same consumer when she/he visits the other publisher.17

Lemma 2 In the V S scenario, in each ad market some advertisers acquire all their

impressions from I1 and some from I2. No advertiser acquires impressions from both.

Each impression generates the full value v(θ) to the advertisers, that pay a price b
i

p(V S) =

v(θ), ∀i, p to Ii.

Combining the above with Lemma 1, and recalling that v ≡
∫ vH
0

v(θ) dF (θ), we establish

the following:

Proposition 1 (No adtech tax with V S) In the V S scenario, b
i

p(V S) = Bp(V S) =

v(θ) for each impression in each market. Hence, there is no adtech tax. The publishers

obtain the full revenue from their impressions:

Rp = v(Dp +D12), p ∈ {1, 2},

while intermediaries and advertisers make zero profits.

In the V S scenario, intermediaries are on a level playing field, because they have equal

access to ad inventories and consumer data. As a consequence, when bidding to acquire

the right to distribute the impressions, the intermediaries compete away all the revenue

they extract from the advertisers, to the benefit of the two publishers.

4.1.2 V I scenario

Stage 4

The analysis of this stage is very similar to the V S scenario, except that only P2 makes

its ad inventory available to both intermediaries (see Figure 1). Instead, impressions on

P1 are sold exclusively by I1. We can therefore state the following:

Lemma 3 In the V I scenario, any impression generated on P2 is acquired by the in-

termediary that collects the highest bid from the advertisers (i.e., max(b
2

2, b
1

2)) at a price

equal to min(b
2

2, b
1

2).

17The advertisers could avoid repetition also by acquiring their impressions via a single intermediary
for multi-homers, and another intermediary (or both) for single homers, or by acquiring impressions only
on a single publisher. As we show in Appendix A.1 these equilibria would all be such that all impressions
are sold at v(θ). Therefore, they all yield the same revenue and profits for each party. Our equilibrium
refinements rule these equilibria out.
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Stage 3

We first describe the advertisers’ willingness to pay for each impression, depending on

the intermediary that makes them available. Next, we describe the equilibrium bidding

strategies of the advertisers.

Consider an advertiser’s willingness to pay for an impression auctioned by I2 (on P2)

in market θ. We have

w2
2 = zv(θ)

D2

D2 +D12︸ ︷︷ ︸
Exp. value

on single-homer

+ zv(θ)
(
1− δ11(MH)

) D12

D2 +D12︸ ︷︷ ︸
Exp. value

on multi-homer

=

= zv(θ)

(
1− D12

D2 +D12

δ11(MH)

)
. (3)

To understand this expression, consider that the advertiser cannot condition its valuation

on whether the consumer is a single- or a multi-homer, as this information is unavailable

to I2. If the consumer is a multi-homer, she may already be exposed to the same message

when visiting P1. The probability of repetition equals the share of impressions on multi-

homers in the same market that visit P1 and that the advertiser acquires via I1. We

denote the latter by δ11(MH). A larger share of multi-homers in the audience of P2

therefore lowers the advertisers’ willingness to pay for the impressions auctioned by I2,

all else given. In addition, the accuracy of I2 when identifying θ is lower due to the

intermediary’s inability to collect data on P1. This is captured by the parameter z.

Unlike its rival, I1 can distinguish between single- and multi-homers and inform each

advertiser about whether it is buying an impression on a multi-homer when she visits

P1, because I1 has exclusive control over these impressions. I1 is also better able to

identify θ. Hence, the advertiser’s willingness to pay for an impression auctioned by I1

on P2 is w1
2(SH) = v(θ) if the consumer is a single-homer, and w1

2(MH) = v(θ) if the

consumer is a multi-homer and the advertiser knows it is not repeating the impression

on P1 (otherwise, w1
2(MH) = 0).

The above discussion implies that leveraging the exclusive access to data of P1 puts I1

at an advantage when auctioning the impressions on P2. This intermediary can generate

higher top bids for P2’s impressions than I2. This is especially true if the advertisers run

multi-publisher campaigns and thus place some ads on P1 as well.

Let us now turn to the advertisers’ willingness-to-pay for impressions on P1. This

equals v(θ) if the consumer is a single-homer. If the consumer is a multi-homer, I1 can

observe whether it is delivering to her an impression from the same advertiser on P2 but

not if the impression is delivered by I2. Consequently, we have w1
1(MH) = v(θ) (1− δ2),

where δ2 is the share of impressions acquired by the advertiser on P2 via I2.

In light of the above discussion, we obtain again that impressions auctioned by differ-
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ent intermediaries on different publishers are perceived as substitutes by the advertisers,

due to the risk of wasteful repetition on multi-homers. However, I1 is now the only inter-

mediary that allows the advertisers to allocate their impressions efficiently, thanks to its

exclusive access to P1’s consumer data. If the advertisers run multi-publisher campaigns

and intend to place ads on P1, I1 is the only intermediary that allows them to avoid

repetition on P2. Moreover, even if some advertisers forgo impressions on P1 entirely,

they still discount impressions auctioned by I2 due to its lesser ability to identify the con-

sumers’ type. Consequently, as we show in Appendix A.2, in equilibrium I1 monopolizes

the market and distributes all the impressions on either publisher.18

Nevertheless, like in the V S scenario, the equilibrium is efficient: I1 can manage the

frequency of impressions to avoid repetition and match them efficiently to consumers. In

each market, therefore, each impression generates the full value v(θ). This is also the

equilibrium price paid by advertisers, because for each impression there are at least two

advertisers willing to pay v(θ). Hence, each advertiser makes zero profit.19 Combining

this information with Lemma 3, we can claim the following.

Lemma 4 In the V I scenario, for every impression auctioned by I1 in each market the

winning bid is b
1

p = v(θ), whereas I2 receives the following top bid for each impression on

P2

b
2

2(V I) = zv(θ)

(
1− D12

D2 +D12

1

n

)
. (4)

Thus, in each market the impressions on P2 are distributed by I1, that pays B2(V I) =

b
2

2(V I) = zv(θ)
(
1− D12

D2+D12

1
n

)
to the publisher.

In the V I scenario, competition among the intermediaries for P2’s impressions is not as

strong as in the V S scenario. This is because in each market the advertisers discount their

bids on I2, due to its informational disadvantage. I1 can therefore pay each impression

to P2 less than the price collected from the advertisers. That is, I1 “shades” its bids

to P2, imposing an adtech tax of v(θ) − B2(V I) = v(θ)
(
1− z

(
1− D12

D2+D12

1
n

))
for each

such impression. This tax increases in the share of multi-homers in P2’s audience. The

intuition is that I1’s informational advantage stems from its ability to track consumers

across outlets. The tax also decreases with z, because a greater z implies a smaller gap

in the ability to identify the consumers’ type.

18If we allow for z = 1, potentially there exist other equilibria where some advertisers only acquire
ads via I2 and bid v(θ) for them. The advertisers would earn the same profit (zero) as when buying
ads only via I1. We could rule this equilibrium out by assuming that, when indifferent, the advertisers
prefer to place ads via an intermediary that connects them to both publishers. This is consistent with
the observed preference of advertisers for integrated intermediaries like Google (see footnote 13).

19No advertiser can profitably deviate from this equilibrium by acquiring ads only via I2 and paying

less than v. Such a deviation would be detected by I1, who would respond by raising its bid B
1

2 at Stage
4 accordingly.
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Proposition 2 (Integration and adtech tax) In the V I scenario, I1 collects an adtech

tax on each impression on P2, that is equal to v(θ)
(
1− z

(
1− D12

D2+D12

1
n

))
. As a result,

the P2 and the integrated firm respectively earn the following revenues:

R2 = zv (D2 +D12)−
zv

n
D12,

R1
1 = v (D1 +D12) + (v −B2(V I)) (D2 +D12)︸ ︷︷ ︸

Adtech tax revenue

= v (D1 +D12) + (1− z)v (D2 +D12) +
zv

n
D12.

The advertisers and I2 make zero profit.

In the above expression, the revenue for the integrated firm, R1
1, is made of three compo-

nents. The first is the ad revenue generated from the “owned-and-operated” impressions,

v (D1 +D12). The second and third terms reflect the revenue from the adtech tax, col-

lected from distributing the impressions of the independent publisher, P2. Part of this

revenue (i.e., (1 − z)v (D2 +D12)) is due to I1’s superior ability to identify the con-

sumers’ type, and the remainder (i.e., zv
n
D12) is due to its ability to avoid repetition on

multi-homers.

Before proceeding, note that P2 could potentially avoid the adtech tax by setting a

reservation price for its impressions. We consider this possibility in Section 7.3. As we

show there, because the publisher cannot observe the realization of v(θ) in each market,

this instrument is too blunt to eliminate the adtech tax completely.

4.2 Stage 1: the effect of V I on content quality

Now we consider the choice of quality levels at stage 1. In the V S scenario, each publisher

maximizes its profit net of the cost of quality. Given Proposition 1, profit is

πp(V S) = v(Dp +D12)− kp(qp), p ∈ {1, 2}. (5)

Differentiating the above profit expression with respect to qp yields the following first

order conditions:

∂πp(V S)

∂qp
= v

(
∂Dp

∂qp
+

∂D12

∂qp

)
− ∂kp(qp)

∂qp
= 0, p ∈ {1, 2}. (6)

Observe that, given ∂(Dp+D12)

∂q−p
= 0, the terms in each first-order condition do not de-

pend on the quality set by the other publisher, q−p. Solving the above system gives the

equilibrium quality levels, that we denote by qp(V S).
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Consider now the V I scenario. Given Proposition 2, the profit of the vertically inte-

grated firm and P2 respectively are

π1
1(V I) = v(D1 +D12) +

Adtech tax︷ ︸︸ ︷
(v −B2(V I))(D2 +D12)− k1(q1),

= v(D1 +D12) + v(1− z) (D2 +D12) + vz
D12

n
− k1(q1), (7)

π2(V I) = zv (D2 +D12)− vz
D12

n
− k2(q2). (8)

The following first-order conditions that characterize the equilibrium quality levels qp(V I)

(where we have used again the property that ∂(D2+D12)
∂q1

= 0):

∂π1(V I)

∂q1
= v

(
∂D1

∂q1
+

∂D12

∂q1

)
+

vz

n

∂D12

∂q1
− ∂k1(q1)

∂q1
= 0. (9)

∂π2(V I)

∂q2
= zv

(
∂D2

∂q2
+

∂D12

∂q2

)
− zv

n

∂D12

∂q2
− ∂k2(q2)

∂q2
= 0. (10)

The key difference between expression (9) and (6) is the term vz
n

∂D12

∂q1
, which captures

the effect of quality investment on the size of the adtech tax. This effect is positive

because the tax increases the share of multi-homers in P2’s audience, which increases in

q1. Similarly, expression (10) contains an extra negative term compared to (6), which

captures the part of the adtech tax due to the perceived risk of repetition. Moreover, the

first term in (10) indicates that the average revenue from each impression is zv and not

v. While investing in content quality increases P2’s audience, the adtech tax reduces the

net marginal revenue generated from such increase.

We are now in a position to study how integration affects the investment in content

quality. The equilibrium quality levels, q(VI) ≡ (q1(V I), q2(V I)) solve the system of

first-order conditions in (9) and (10). Comparing these to q(VS) ≡ (q1(V S), q2(V S)),

we obtain the following result (see Appendix A.3 for the proof).

Proposition 3 (Quality levels.) Investment in quality by P1 (resp., P2) is higher (resp.,

lower) under V I than under V S — i.e., q1(V I) > q1(V S) and q2(V I) < q2(V S).

As we have seen in Proposition 2, the integrated firm can capture part of the revenue

generated by ads shown on the independent publisher, P2, through the adtech tax. This

reduces the publisher’s ability to monetize its investment in quality. Thus, q2 decreases

with respect to the V S scenario.

The effect on q1 is more subtle and entirely due to the adtech tax imposed on P2. To

see this, consider that P1 retains the entire revenue from its own impressions in both the

V S and V I scenarios (Proposition 1 and 2). Hence, without the adtech tax, integration

would have no effect on q1. However, through this tax, P1 internalizes the effect of its
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own quality investment on the ad revenue generated by P2. While q1 does not affect P2’s

total audience, it does change its composition by increasing the share of multi-homers.

Therefore, although the total ad revenue generated by P2 does not change, the share

that the integrated firm captures via the adtech tax increases with q1. Proposition 3

thus characterizes a novel mechanism whereby vertical integration drives content quality

investment in the context of ad-funded digital ecosystems.

5 Welfare analysis

We now study the effect of vertical integration on the surplus of consumers and adver-

tisers, as well as social welfare. We first consider exogenous quality levels, then consider

the implications of the changes in quality levels as presented in Proposition 3.

The following expressions describe consumer surplus for single-homers and multi-

homers

CS1(q1, q2) ≜
∫ c−γq2

0

∫ ∞

c−γq1

(u1 + γq1 − c)h(u1, u2)du1du2,

CS2(q2, q1) ≜
∫ c−γq1

0

∫ ∞

c−γq2

(u2 + γq2 − c)h(u1, u2)du1du2,

CS12(q1, q2) ≜
∫ ∞

c−γq1

∫ ∞

c−γq2

(u2 + γq2 − c+ u1 + γq1 − c)h(u1, u2)du1du2.

Total consumer surplus, CS, is given by the sum of the above components, i.e., CS =

CS1 + CS2 + CS12. This sum depends on the quality levels qp. Given these levels, there

is no effect of V I on consumers.

Because payments among firms cancel out, total profit coincides with the total surplus

from advertising (denoted by AS), net of the cost of quality investment. Recall from

Lemma 2 and Lemma 4 that in both scenarios each impression generates the full value

v(θ). Considering all ad markets, we get therefore that

AS = v(D1 +D2 + 2D12).

As a consequence, given the quality levels, switching from V S to V I only changes the

distribution of surplus among firms, not its total size. It follows that social welfare,

defined as

W = AS + CS − k2(q2)− k1(q1). (11)

is also invariant in the V S and V I scenarios, given the quality levels.

However, we know from Proposition 3 that integration increases (resp. reduces) the

quality of content on P1 (resp. P2). Intuitively, the net effect on advertising and consumer

surplus can be positive or negative. Consequently, the net effect on welfare is also a priori
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ambiguous.

To get a better sense of the effect of vertical integration on social welfare, it is useful

to compare the socially optimal quality levels to the equilibrium ones. The quality levels

that maximize (11), denoted by the vector q∗ ≡ (q∗1, q
∗
2), satisfy the following system of

equations

v

(
∂Di

∂qi
+

∂D12

∂qi

)
+

∂CS

∂qi
− ∂ki

∂qi
= 0, i ∈ {1, 2}, (12)

where we have used again the property that ∂D12+D−i

∂qi
= 0. Let us compare q∗ to q(VS).

Evaluating the system of first-order derivatives of (12) with the investment levels under

vertical separation q(VS) (characterized by expression (6)), we find that:

∂W

∂qi

∣∣∣∣
q(VS)

=
∂CS

∂qi

∣∣∣∣
q(VS)

> 0. (13)

Quality is under-provided under V S. The reason is that, because the publishers do not

charge consumers for accessing their content, they fail to internalize the effect of quality

provision on consumer surplus.

Turn now to the comparison with quality in the V I scenario. Evaluating the system

(12) at the quality levels q(VI) characterized in (9) and (10), we have:

∂W

∂q1

∣∣∣∣
q(VI)

=

(
−zv

n

∂D12

∂q1
+

∂CS

∂q1

)∣∣∣∣
q(VI)

≶ 0, (14)

∂W

∂q2

∣∣∣∣
q(VI)

=

(
v

n

∂D12

∂q2
+

1− z

z

∂k2
∂q2

+
∂CS

∂q2

)∣∣∣∣
q(VI)

> 0. (15)

The under-provision by publisher P2 worsens with V I (this follows from q2(V I) <

q2(V S)). Instead, the quality provided by publisher P1 may exceed or fall short of the so-

cially optimal level. That is, q1(V I) ≶ q∗1(q2(V I)), where q∗1(q2(V I)) denotes the optimal

quality when q2 = q2(V I).

Proposition 4 (Integration and welfare.) For given quality levels, V I redistributes

profit from P2 to the integrated firm, but does not affect social welfare. Considering the

effect on quality, V I can affect positively or negatively consumer surplus and total welfare.

At this level of generality, we cannot establish whether integration increases total surplus.

In the following, we present three examples demonstrating how the welfare properties of

the equilibrium depend on the distribution of consumer preferences.

5.1 Examples

We assume consumer preferences for the two publishers, up, follow a uniform distribution

and consider three cases: (i) independent, (ii) negatively correlated, and (iii) positively
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correlated preferences. For simplicity, we focus on the case where z → 1 and that the

convex investment cost is kp(·) =
q2p
2
,∀p ∈ {1, 2}. We report below the main results, while

the formal details are in Appendix B.

A. Independent preferences. Suppose consumer preferences for publishers are inde-

pendent: u1 ∼ U [0, 1] and u2 ∼ U [0, 1]. The increase in investment by the integrated pub-

lisher is always lower than the decrease by the independent one, i.e., |q2(V I)− q2(V S)|−
|q1(V I) − q1(V S)| > 0, leading to reduced total quality, consumer surplus, and welfare

under vertical integration. Consumer surplus falls (i.e., CS(V S)−CS(V I) > 0) because

the gain in quality at the integrated publisher is smaller than the loss at the indepen-

dent one. Welfare also declines (i.e., W (V S) −W (V I) > 0) because total demand and

impressions are higher under vertical separation, outweighing any increased investment

costs.

B. Negatively correlated preferences. Preferences follow u1 ∼ U [0, 1] and u2 =

1− u1, forming a variant of the well-known Hotelling setup where P1 is located at 1 and

P2 at 0.
20 Consumers have unit valuation for content with a per-unit transportation cost

of one (see Figure 2 in Appendix B).

Under vertical integration, the increase in investment by the integrated publisher ex-

actly offsets the decrease by the independent publisher, i.e., |q2(V I)−q2(V S)|−|q1(V I)−
q1(V S)| = 0, a standard Hotelling result. Consumer surplus rises, while total surplus may

increase or decrease: CS(V S)−CS(V I) < 0, and W (V S)−W (V I) = v2γ2(1−γ2)
n2 . Multi-

homers’ surplus remains unchanged, while single-homers shift—those on P2 shrink and

lose, while those on P1 increase and gain, leading to a net consumer surplus rise.

Welfare is more nuanced: advertising surplus is higher under vertical separation as

vertical integration does not increase total impressions but raises investment costs due

to convexity.21 If consumer sensitivity to quality is high (γ > 1), consumer surplus gains

can offset these costs, increasing welfare under integration. Otherwise, for γ ≤ 1, welfare

declines.

C. Positively correlated preferences. Suppose u2 = αu1 with u1 ∼ U [0, 1] and
u2 ∈ [0, α]. Consumers visit publisher p if Vp ≥ 0, with threshold consumers ū1 and ū2

defining demand: (i) if ū1 < ū2, then D2 = 0; (ii) if ū1 > ū2, then D1 = 0.

Case (i) 0 < ū1 ≤ ū2. P1’s investment remains unchanged, so its single-homers’ utility

is unaffected. However, P2’s investment falls under vertical integration, reducing multi-

homers’ utility and causing some to switch to single-homing on P1. This decreases both

20See Jullien et al. (2023) for details.
21See Appendix B for the advertiser surplus expression.
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consumer and total surplus under V I, i.e., CS(V S)−CS(V I) > 0 andW (V S)−W (V I) >

0.

Case (ii) ū1 > ū2. P2’s investment remains constant, while the integrated retailer in-

vests more, increasing total value creation. Multi-homers gain surplus, encouraging

some single-homers to multi-home, leading to higher consumer surplus, i.e., CS(V S) −
CS(V I) < 0 The impact on welfare depends on the number of advertisers: W (V S) −
W (V I) =

γ2v(v(1−γ2)−2n(1+γ2v−c))
2n2 . Welfare increases under vertical integration if the num-

ber of advertisers, denoted by n, is sufficiently large — i.e., n > max{2, v(1−γ2)
2(1−c+γ2v)

}. In

this case, the positive effect on consumer surplus dominates the negative effect on profits

(due to increased investment cost).

6 Policy interventions in the adtech market

The previous section has shown that the effects of vertical integration on consumer surplus

and welfare can be positive or negative. In particular, the effect is negative whenever

integration causes a substantial reduction in the quality provided by the independent

publisher compared to the increase in quality of the integrated content provider. How-

ever, vertical integration always generates imbalances in the content and adtech markets,

implying a reduction in profits for the independent publisher and the exclusion of the

independent intermediary. Under these conditions, there is a rationale for restoring the

same market outcomes as in the V S scenario. Several regulators have indeed expressed

concerns about the dominance of integrated ecosystems in the digital market. An example

is the recent European regulation of the digital market (see DMA, 2022, and DSA, 2022),

which prescribes asymmetric regulation for ecosystems and dominant firms to restore

a level playing field and foster competition. Accordingly, we now consider some policy

interventions aimed at restoring the V S market outcomes and evaluate their effectiveness.

Prohibiting data combination within ecosystems. Ecosystems typically exploit

large volumes of consumer and advertisers data, gathered from the multiple services they

provide. Accordingly, we assumed that the integrated firm can exploit data generated by

consumers on P1 when selling ad impressions as an intermediary on both publishers.

Suppose now that a regulator mandates that the data generated on P1 cannot be

transferred to I1 and used to identify consumers to sell ads. This would be consistent with

the EU’s Digital Market Act (DMA), which regulates the combination of data on users

gathered from different services provided by the same firm.22 However, this regulation

22The DMA states that “to prevent gatekeepers from unfairly benefitting from their dual role, it is
necessary to ensure that they do not use any aggregated or non-aggregated data, which could include
anonymised and personal data that is not publicly available to provide similar services to those of their
business users.”
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does not forbid I1 from collecting data on the publishers it serves as an intermediary.

Hence, if I1 distributes exclusively P1’s impressions, consumer data generated on its

domain would still be available exclusively to I1. By itself, the policy would be ineffective

in restoring the V S outcomes and the same equilibrium outcome as in Section 4.1.2

occurs.

Prohibiting exclusive access to ad inventories. Firms that run ecosystems tend to

bundle multiple services together. For instance, to place ads on Youtube, advertisers must

use Google’s adtech services. Accordingly, we assumed that in the V I scenario only I1 can

distribute the impressions generated on P1. A possible regulatory intervention is to ban

this exclusivity. Suppose, however, that the integrated firm maintains exclusive access

to consumer data generated on P1.
23 The willingness to pay for impressions auctioned

by I1 on P1 would be the same as in Section 4.1.2. The main difference is that now

the integrated I1 cannot observe which ads a multi-homing consumer is exposed to when

visiting P1, if those ads are served by I2. Hence, we have w1
p = v(θ)(1 − δ2−p) for any

impression that is not repeated, where δ2−p is the share of impressions on multi-homers

visiting −p that the advertiser acquires via I2. Nevertheless, I1 still retains the main

information advantages with respect to I2, as the latter is unable to track consumers

across outlets. As we show in Appendix A.4, the equilibrium has the same features as

in our baseline model: the integrated firm monopolizes the ad market and imposes an

adtech tax on impressions on P2.

Combining the above policies. Suppose now that the regulator forbids exclusive

access to P1’s ad inventory to the integrated intermediary and ensures that each inter-

mediary serving such ads can collect consumer information on that domain. In this case,

the intermediaries are effectively on a level playing field, as in the V S scenario. Each

intermediary can control the frequency of impressions on both publishers and thus max-

imize their value to the advertisers. It can be easily shown that, under these conditions,

the same market equilibrium as in the V S scenario would emerge.

Proposition 5 (Policy interventions) Prohibiting the combination of datasets inside

the ecosystem does not change the market outcome under vertical integration. Combin-

ing this intervention with a prohibition on exclusive access to ad inventories within the

ecosystem allows to restore the market outcome under vertical separation.

To summarize, applying measures preventing data sharing within the ecosystem is

not effective on its own. Similarly, removing exclusive access to ad inventories is not

23This could be the result of a strict privacy policy by the ecosystem. For instance, Google recently
launched the Privacy Sandbox initiative, with the intent of phasing out third-party cookies. These
cookies are essential for third-party intermediaries to provide targeted advertising and collect data on
campaign performance.
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effective if the ecosystem retains exclusive control of the consumer data generated on its

own websites. To be effective, these measures should be adopted jointly. Our findings

thus point to increased data sharing across ecosystems as a way of inducing the same

market outcomes as in the V S regime.

The analysis also highlights a trade-off between, on one side, restoring a level playing

field in the adtech and content markets and, on the other side, the protection of consumer

privacy. The latter could be significantly more difficult with greater data sharing across

ecosystems. Stricter privacy rules that limit data access to rival intermediaries can result

in a higher adtech tax, to the benefit of large integrated platforms and to the detriment

of third-party publishers and third party intermediaries. This observation also speaks to

the ongoing debate on the impact of privacy regulation such as the GDPR (Dubé et al.,

2025).24

Finally, the analysis points to two caveats regarding any policy intervention designed

to restrain the market power of integrated ecosystems: first, even if the policy is successful

in restoring the V S market outcomes, it would not address the underinvestment in content

quality by the publishers (see Section 5). Moreover, such policies would most likely have a

negative effect on the investment in quality by the integrated firm. These caveats suggest

that any policy intended to address the imbalances on the adtech market would have to

be complemented by policies aimed at stimulating quality investment.

7 Extensions

7.1 Competition among ecosystems

Faced with market monopolization by the integrated firm, the independent publisher (P2)

and intermediary (I2) may decide to merge and form a competing ecosystem.25 We now

briefly evaluate the effects of such a merger.

Suppose that these two firms become a single entity and retain the assumption that

each publisher p makes its impressions and the data generated in its domain available

only to the integrated intermediary. Assume also that each intermediary cannot observe

which ads are being served to a consumer if these are delivered by the other intermediary.

Hence, neither is able to track consumers across outlets. As a result, the willingness to pay

of any advertiser in a given market for any impression auctioned by Ii on its integrated

publisher is

wi
p = zv(θ)

(
1− D12

D2 +D12

δ−i
−p

)
, ∀p, i (16)

where δ−i
−p is the share of impressions acquired on the other integrated firm. This indicates

24For more discussion on this topic see recent works such as Peukert et al. (2020), Choi et al. (2023),
Lefrere et al. (2025), Choe et al. (2025), Sharma et al. (2025) among others.

25This can be seen as a form of Private Exchange as discussed in Choi and Sayedi (2023).
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that impressions on the two publishers are perceived as substitutes by the advertisers.

Hence, as we show in Appendix A.6, the equilibrium is such that advertisers place winning

bids on only one integrated chain (in other words, they single-home at the ecosystem

level). No advertiser acquires impressions on both publishers. Given δ−i
−p = 0, we have

b
i

p = zv(θ), ∀p, i. (17)

Comparing this expression to (4) and to b
1

p(V I) = v(θ), for p ∈ {1, 2}, we see two main

differences. First, there is no risk of repetition on P2, which has a positive effect on the

advertisers’ valuation for impressions auctioned by I2. On the other hand, both I1 and I2

now suffer from a loss in precision when identifying the consumers’ types, as they cannot

access each other’s data. This reduces the advertisers’ expected return for impressions.

Thus, the merger eliminates the adtech tax on P2’s impressions, but also reduces the

overall advertising surplus.

The equilibrium total profit of the two ecosystems are

π1
1 = zv(D1 +D12)− k1(q1), π2

2 = zv(D2 +D12)− k2(q2). (18)

Again, the advertisers make zero profit. Considering the profits under V S and V I (see

(5), (7) and (8)), these expressions show that, overall, the merger reduces the total profit

of firm 1, but increases the aggregate profit of P2 and I2. The first-order conditions

derived from the above expressions imply that the investment by firm 1 is smaller than

in both scenarios. However, investment by firm 2 is now larger than under V I, though

still smaller than under V S. We summarize these results in the following Proposition.

Proposition 6 (Merger and competing ecosystems.) A merger between I2 and P2

eliminates the adtech tax and increases the total revenue of both firms, but reduces the total

advertising surplus for given quality levels. The merger also increases quality investment

by P2, compared to V I, but reduces investment by P1. Overall, therefore, the net effect

on welfare is ambiguous.

This result indicates that mergers between (large) independent publishers and interme-

diaries can be a viable strategy to counterbalance the power of the integrated ecosystem.

The merging firms would increase their joint profit, not only by reducing the size of the

adtech tax, but also by making greater quality investment viable, expanding the audience

of publisher P2.

7.2 Direct Contracting between publishers and intermediaries

We have so far assumed that the publishers make their impressions available to the

intermediaries via auctions. Although this is a common practice, a possible alternative
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for larger publishers is to award to an intermediary an exclusive contract for their ad

inventories, in exchange for part of the revenue collected.26 We now evaluate whether P2

can eliminate or reduce the adtech tax by switching to this strategy.27

Assume that after stage 1 each intermediary can make a take-it-or-leave-it offer to

P2 for its entire ad inventory, in exchange for a lump-sum payment (this could also be

formulated as a fixed share of the revenue per-impression). We suppose without loss that

the offers are sequential, with I1 presenting its offer first. If P2 rejects both offers, the

game then develops as in the V I scenario analyzed in Section 4.

Proceeding backwards, consider the offer by I2. We know from Proposition 2 that I2

would earn zero profit if this offer was rejected, because then the game would unfold as

in the baseline model. Instead, if I2 gets to distribute P2’s impressions exclusively (as

in the case of competing vertical structures analyzed in Section 7.1), each intermediary

would distribute the impressions of only one publisher, so neither would have access to

the data generated by consumers on the other. Hence, the equilibrium bids collected by

the intermediaries for each impression would be equal to (17), and I2’s profit would equal

zv(D2 +D12), as in (18). This is the maximum amount that I2 would offer to P2 for its

ad inventory. Noting that this amount exceeds the revenue that P2 gains in the baseline

setting under V I (see Proposition 2), we conclude that, P2 would strike an agreement

with I2 if failing to reach an agreement with I1.

Consider now the offer that I1 would be willing to make. Should its offer be rejected,

I1 would earn the same revenue, zv(D1+D12), as in (18), because then I2 would distribute

P2’s impressions, as we have just established. However, if I1 obtains the exclusive control

of those impressions, it can extract the same bids from the advertisers as in the V I

scenario of the baseline model (see Lemma 4). Hence, it would earn a total revenue

R1 = v(D1+D2+2D12). It follows that I1 would be willing to offer as much as R1−R1 =

v(D2 +D12) + v(1 − z) (D1 +D12) to P2. This exceeds the amount that I2 is willing to

offer, zv(D2 +D12). Hence, in equilibrium I1 still acquires all P2’s impressions.

We have thus established that, as in the baseline model, the integrated firm monop-

olizes the adtech market. However, to acquire P2’s impressions, this firm would have to

pay as much as I2 is willing to pay, i.e., Rd
2 = zv (D2 +D12). Comparing this to P2’s

revenue in the V I scenario (see Proposition 2) indicates that the adtech tax would be

smaller. The intuition is that, with direct contracting, the advertisers who place ads on

P2 do not acquire any impression on the other publisher, and thus do not discount the

impressions auctioned by I2 due to the risk of repetition. A direct consequence of the

26For an example of these agreements, see the conditions offered by Google’s AdSense (https://
support.google.com/adsense/answer/180195?hl=en).

27In principle, P2 could also run auctions for its impressions but send bid requests to a single intermedi-
ary. In our setting, this alternative is dominated because, without a competitor, the intermediary would
bid zero for the impressions (recall that P2 has no visibility on the bids collected by the intermediary).
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reduction in the adtech tax is that quality investment by P2 increases.28

Proposition 7 (Direct contracting.) Suppose P2 allocates its impressions via exclu-

sive contracts with the intermediaries. In equilibrium, I1 distributes the ads exclusively

and P2 gains Rd
2 = zv (D2 +D12). Compared to the V I scenario, the adtech tax imposed

on P2’s impressions is reduced, though not fully eliminated. Moreover, q2 is higher, though

q1 decreases.

7.3 Reserve prices by the publishers

As we have seen, the integrated firm is able to extract the adtech tax on P2’s impressions

because, due to its informational disadvantage, I2 is unable to generate high enough bids

to compete. Recognizing the integrated firm’s ability to shade its bids, the publisher

could respond by setting a reserve price for its impressions. Accordingly, let us assume

that the publishers can set a reserve price rp in the auctions at Stage 4.

Given Proposition 1, the publishers have no use for rp under V S as they obtain the

full value, v(θ), for every impression.29 In the V I scenario, though, there is potentially

scope for P2 to impose a reservation price and alleviate the adtech tax imposed by I1.

We analyze this setup in Appendix A.5, and present here the main results. Although

the reserve price r2 can increase the revenue captured by P2 for each impression, its

effectiveness is limited by the fact that P2 cannot observe the realization of θ or v(θ) in

each ad market, nor the outcome of the auctions run by either intermediary. Hence, the

publisher must apply the same reserve price to all markets, which makes this instrument

too blunt to fully remove the adtech tax. Even in ad markets where r2 is binding (i.e.,

r2 > B2(V I) = zv(θ)
(
1− D12

D2+D12

1
n

)
), it is still below the top bid received by I1, which

equals v(θ). Therefore, we find that Propositions 2 and 3 continue to hold qualitatively.

8 Concluding remarks

We studied how integration between an adtech intermediary and a major digital publisher

affects the online advertising market and the quality of digital content. We have shown

that integration enables the intermediary to leverage exclusive access to data to monopo-

lize the intermediation market and impose an adtech tax on independent publishers. We

explored the relation between the adtech tax and investment in content by publishers,

demonstrating that the independent publisher invests less, while the integrated firm in-

vests more. The net effect of integration on consumer surplus and welfare was found to be

28As for firm 1’s quality investment, its revenues are R1d = v (D1 +D2 + 2D12) − zv (D2 +D12) =
v (D1 +D12) + (1− z)v (D2 +D12). Because (D2 +D12) is independent of q1, we can conclude that the
investment in quality is the same as under V S, and thus lower than with V I.

29Similarly, I1 and I2 have no need for reserve prices, as they extract the full willingness to pay from
the advertisers in both scenarios.
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ambiguous. The analysis provides a foundation for the adtech tax, suggesting that this

tax is directly related to vertical integration and to the informational advantage conferred

to the integrated firm by consumer and advertiser multi-homing.

Using the insights from our findings, in the following we present the main managerial

and policy implications of the analysis.

8.1 Managerial Implications

Propositions 2 and 3 characterized an interesting relation between investment in content

quality and the adtech tax. This has implications for content strategy, not just in terms

of the investment in quality, but also in terms of which type of content to prioritize. For

the integrated firm, investment in quality is a means to extract more revenue from ad

intermediation, by increasing the share of multi-homers. Although the adtech tax may

discourage the independent publishers from investing in quality overall, these publishers

should prioritize content that attracts and retains single-homers, as doing so should reduce

the adtech tax. Examples include content that enables them to retain time-constrained

users on their platforms. This objective may also be achieved by prioritizing content

differentiation and variety.

We also found that the independent publisher and intermediary may benefit from

merging to compete with the integrated ecosystem (Proposition 6). This merger would

reduce the size of the adtech tax and stimulate investment in quality of the newly inte-

grated entity, thereby expanding its audience. However, we also found that this merger

would reduce the effectiveness of ad campaigns, as it would reduce the extent to which the

intermediaries can combine information from multiple publishers and track consumers.

As a result, a possible consequence is an overall reduction in the profits from advertising.

The independent publisher may reduce the adtech tax also by contracting directly

with the intermediaries, rather than relying on the automated segment of the advertising

market (Proposition 7). As in the case of a merger, this would result in higher quality

investment by the independent publisher, and less investment by the integrated firm,

thereby decreasing the quality gap in the market. This strategy may be more easily

implementable than pursuing a merger with the intermediary. However, direct contracting

would still imply that the integrated firm monopolizes the market. Hence, this strategy

does not benefit the independent intermediary, suggesting that this firm would be better

off pursuing a strategy of downstream integration in the content market, possibly by

acquiring a major publisher.

Finally, our findings indicate that independent publishers and intermediaries should

support policies that allow data sharing across firms. Moreover, they should support

tougher policies that tackle self-preferencing (implemented through exclusivity or bundling)

inside the competing ecosystem, to establish a level playing field in the adtech sector.
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8.2 Policy implications

Our analysis informs the current debate on regulating ecosystems and dominant firms

to foster competition in the digital market. This regulation may have the added benefit

of stimulating investment in quality by independent publishers, but it may also reduce

the investment of the integrated firm (Proposition 3). Seen from this perspective, its

effect on social welfare depends on the relative size of the publishers’ audiences and the

magnitude of changes in investment. Hence, policies aiming to correct imbalances in

the adtech sector may need to be accompanied by policies that stimulate investment in

quality, because quality is undersupplied even in the V S scenario (Section 5).

If the goal is to level the playing field in the adtech market, we have found that policies

that just prohibit the transfer of data among different services within an ecosystem (see,

e.g., the provisions in the DMA (2022)) would be ineffective. These provisions could

easily be circumvented by the integrated firm through applying self-preferencing and

exclusivity. Similarly, prohibiting self-preferencing by itself would also be insufficient.

To effectively level the playing field, a regulation prohibiting self-preferencing should

be accompanied with ensuring equal access by competing intermediaries to the data

generated by consumers on all publishers (Proposition 5). This finding points to a tension

between protecting consumer privacy and correcting the current imbalances in the adtech

and content markets. Also, it suggests that ecosystems such as Google may support the

adoption of stricter privacy rules as a means to entrench their competitive advantage.

Proposition 6 offers some interesting implications for merger policy, suggesting that a

merger between independent publishers and intermediaries can foster competition in the

adtech sector, by providing an alternative to existing dominant ecosystems. However,

this may reduce total advertising surplus, by limiting the intermediaries’ ability to track

consumers across outlets. As an alternative, a regulator may discourage the publishers

from relying on automated auctions as a channel to sell impressions, encouraging direct

contracting with the intermediaries instead. As we have seen, while this policy reduces

the adtech tax and stimulates investment by the non-integrated publishers, it would not

overturn the monopolization of the market by the integrated firm.
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Witte, Alexander and Jan Krämer (2025) “Evaluating structural and behavioral remedies

for anticompetitive conducts in the ad tech ecosystem,” Telecommunications Policy,

49 (5), 102955, https://doi.org/10.1016/j.telpol.2025.102955.

Zeithammer, Robert and W Jason Choi (2024) “Auctions of Auctions,” Management

Science.

31

https://research.chicagobooth.edu/stigler/media/news/committee-on-digital-platforms-final-report
https://research.chicagobooth.edu/stigler/media/news/committee-on-digital-platforms-final-report
http://dx.doi.org/https://doi.org/10.1016/j.telpol.2025.102955


A Proofs Omitted in the Text

A.1 Proof of Lemma 2 (bids under vertical separation)

We determine the equilibrium allocation and prices of impressions for a given advertising

market. The equilibrium is isomorphic in all markets, so we can just focus on a single

market.

STEP 1: We denote advertiser k’s willingness-to-pay for an impression on publisher

p delivered by intermediary i as wi
p,k. If the impression falls on a single-homer, then

wi
p,k = v(θ). This holds for any k, so b

i

p = B
i

p = v(θ). Consequently, the advertisers

cannot make any profit from such impressions.

STEP 2: Focus now on impressions on multi-homers. k has wi
p,k = v(θ)(1− δ−i

−p,k), for

any non-repeated impression auctioned by i on p, where δ−i
−p,k is the share of impressions

k acquires through −i on −p. We can have δ−i
−p,k > 0 only if w−i

−p,k ≥ w−i
−p,−k for all

−k ̸= k. That is, k has the highest WTP (possibly tied with other advertisers). Suppose

this holds and let nm ∈ [1, n] be the number of advertisers for which w−i
−p,k = w−i

−p,−k,

including k, and suppose n > nm. The other n − nm advertisers get δ−i
−p = 0 and so

must have wi
p = v(θ) for any non-repeated impression by i on p. Given δ−i

−p,k > 0, this

WTP exceeds that of k, wi
p,k = v(θ)(1 − δ−i

−p,k). It is thus impossible to have δip,k > 0

and δ−i
−p,k > 0. Suppose now that nm = n. This can only hold if δip,k = δ−i

−p,k = 1
n
,

and wi
p,k = w−i

−p,k = v(θ)
(
1− 1

n

)
, for any k. Any advertiser could profitably deviate by

bidding v(θ)
(
1− 1

n

)
+ ϵ for impressions on p and zero on −p. We conclude that there

cannot be equilibria where any advertiser acquires ads on multi-homing consumers on

both publishers via different intermediaries.

STEP 3: Given the previous step, we restrict attention to equilibrium candidates such

that each advertiser acquires impressions on multi-homers only via a single intermediary.

Given a large number of advertisers (n ≥ 6), all these candidates must be such that

at least 3 advertisers acquire ads on multi-homers via one intermediary, Ii. Therefore,

at least 2 advertisers have wi
p = v(θ) for each impression auctioned by i, so b

i

p = v(θ).

Hence, none of the advertisers that acquire ads via i make any profit on such impressions.

The advertisers who acquire impressions via −i must be paying v as well (otherwise,

b
i

p = v > b
−i

p ), and thus make zero profit. Combining these observations with Step 1, we

conclude that in all the candidate equilibria the advertisers make zero profit.

STEP 4: Consider now an equilibrium candidate where any advertiser acquires ads

on multi-homers from a single publisher. The advertiser must have WTP of v. Hence, if

the price of these impressions is less than v(θ), there is a profitable deviation for at least

one advertiser. Thus, any equilibrium candidate of this kind must also be such that the

advertisers make no profit.

STEP 5: We can rule out all equilibria where advertisers use a different intermediary
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to acquire impressions on single-homers to the intermediary used for impressions on multi-

homers. Given they make zero profit, in any such equilibrium the advertisers would prefer

to deviate and acquire all impressions via a single intermediary by assumption (i).

STEP 6: We rule out equilibria where ñ < 3 advertisers acquire their impressions

from the same intermediary, i. In these equilibrium candidates, intermediary −i must

sell all its impressions at price v(θ), so if some advertisers acquire their impressions via i,

b
i

p = b
−i

p = v(θ) must hold. Because all advertisers have the same WTP for non-repeated

impressions, v(θ), each advertiser acquiring impressions via −i (resp., via i) would receive

a share δ−i
p = 1

2
1

n−ñ
(resp., δip =

1
2
1
ñ
). Hence, an advertiser on −i can deviate by bidding

v(θ) for the impressions auctioned by i and zero on −i. The advertiser would earn the

same profit but obtain a share δip =
1
2

1
ñ+1

of impressions. Since n ≥ 6 and ñ < 3, we have

ñ+ 1 < n− ñ. So the deviation is profitable by assumption (iii).

STEP 7: We have thus shown that, under our assumptions, any equilibrium must be

such that at least three advertisers place a bid v(θ) for all impressions marketed by I1

and I2. The lemma follows.

A.2 Proof of Lemma 4 (bids under vertical integration)

We determine the equilibrium allocation and prices of impressions for a given advertising

market. Because the equilibrium is isomorphic in all markets, we can just focus on a

single one.

STEP 1: We denote advertiser k’s willingness-to-pay for an impression on publisher

p delivered by intermediary i as wi
p,k. Suppose the impression is auctioned by I1 and

falls on a single-homer. Then w1
p,k = v(θ) for any k and so b

1

p = v(θ). Consequently, the

advertisers make zero profit from such impressions.

STEP 2: Focus now on impressions on multi-homers auctioned by I1 on P1 and

impressions auctioned by I2 on P2 (which cannot be distinguished between single- and

multi-homers). Advertiser k has WTP w2
2,k = v(θ)z D2

D2+D12
+ v(θ)z D12

D2+D12
(1 − δ11,k) for

any impression auctioned by I2. We can have δ22,k > 0 only if w2
2,k ≥ w2

2,−k for all

−k ̸= k. That is, k has the highest WTP (possibly tied with other advertisers) for these

impressions. Suppose this holds and let nm ∈ [1, n] be the number of advertisers for which

w2
2,k = w2

2,−k, including k. Suppose also that n > nm. The n− nm remaining advertisers

get δ22 = 0. Hence, they have w1
1 = v(θ) for non-repeated impressions on multihomers

auctioned by I1 on P1. Given δ22,k > 0, this WTP exceeds that of k, w1
1,k = v(θ)

(
1− δ22,k

)
,

for those impressions. It is thus impossible to have δ11,k > 0 and δ22,k > 0. Suppose now

that nm = n. This can only hold if δ11,k = δ22,k = 1
n
, and w1

1,k = v(θ)
(
1− 1

n

)
and

w2
2,k = zv(θ)

(
1− D12

D2+D12

1
n

)
, for any k. Any advertiser could profitably deviate, for

instance, by bidding slightly more than v(θ)
(
1− 1

n

)
for the impressions on P1 and zero

for the others. We conclude that there cannot be equilibria where any advertiser acquires
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impressions on multi-homers on P1 and impressions auctioned by I2.

STEP 3: We now show that, whenever z < 1, there cannot be an equilibrium where

any advertiser acquires impressions auctioned by I2. Suppose ñ advertisers acquire some

impressions via I2. Consider first the case where ñ ≥ 2. We know from Step 2 that

these advertisers cannot acquire impressions on multi-homers on P1, i.e., δ
1
1,k = 0 for

any advertiser k in this group. This implies that these advertisers have w1
2,k = v(θ) for

any impression on P2 auctioned by I1, as these cannot be repeated. Hence, we have

b
1

2 = v(θ) as there are at least two advertisers willing to bid as much. Now, given

δ11,k = 0, these advertisers also have WTP w2
2,k = zv(θ) D2

D2+D12
+ zv(θ) D12

D2+D12
< v(θ) for

impressions auctioned by I2, so b
2

2 = zv(θ) D2

D2+D12
+ zv(θ) D12

D2+D12
< v(θ). It follows that

I2 cannot in fact distribute any of the impressions on P2, as it is not willing to pay for

any such impression is smaller than that of I1. This contradicts our initial assumption.

Suppose now that ñ = 1. Given n − ñ ≥ 5 advertisers only acquire impressions via I1

by assumption, this intermediary must receive b
1

p = v(θ) for any impression. Again, this

is because there are at least two advertisers willing to bid as much for any impression

auctioned by I1. This value exceeds zv(θ)
D2

D2+D12
+zv(θ) D12

D2+D12
, so by the same reasoning

as above we conclude that I2 cannot distribute any impression.

We can thus conclude that any equilibrium must be such that all advertisers acquire

impressions only via I1. Given δ22,k = 0 for any of these advertisers, they have w1
2 = w1

1 =

v(θ) for any non-repeated impression auctioned by I1. Therefore, b
1

p = v(θ), ∀p.

A.3 Proof of Proposition 3

Under the V S scenario, the quality levels qp(V S) chosen by platform p solve the following

first-order conditions:

∂πp(V S)

∂qp
= v

(
∂Dp

∂qp
+

∂D12

∂qp

)
− ∂kp(qp)

∂qp
= 0, p ∈ {1, 2}. (19)

Consider now the V I scenario. The first-order condition that characterizes q1 in the

V I scenario is

∂π1(V I)

∂q1
= v

(
∂D1

∂q1
+

∂D12

∂q1

)
+ vz

1

n

∂D12

∂q1
− ∂k1(q1)

∂q1
= 0. (20)

Then, the first-order conditions that characterize q2 are

∂π2(V I)

∂q2
= zv

(
∂D2

∂q2
+

∂D12

∂q2

)
− zv

1

n

∂D12

∂q2
− ∂k2(q2)

∂q2
= 0. (21)

The equilibrium qualities qp(V I) solve the system of (20) and (21).

Observe that, given ∂(Dp+D12)

∂q−p
= 0, the terms in (19) do not depend on the quality set

by the other publisher, q−p.

34



The first-order condition (20) contains an extra positive term compared to (19) in the

V S scenario. Hence, we conclude that q1(V S) < q1(V I). Then, the first-order condition

(21) contains an extra negative term compared to (19) in the V S scenario. Moreover,

the first term is multiplied by z. Hence, we conclude that q2(V S) > q2(V I).

A.4 Characterizing the equilibrium without exclusive access to

P1’s ad inventory in Section 6

We determine the equilibrium allocation and prices of impressions for a given advertising

market. Because the equilibrium is isomorphic in all markets, we can just focus on a

single one.

STEP 1: We denote advertiser k’s willingness-to-pay for an impression on publisher

p delivered by intermediary i as wi
p,k. Suppose the impression is auctioned by I1 and falls

on a single-homer. Then w1
p,k = v(θ) for any k and so b

1

p = v(θ). As a result, I2 can never

bid more than this amount for such impressions. This implies that I1 must distribute all

impressions on single-homers in equilibrium, at a price of v(θ).

STEP 2: Focus now on impressions on multihomers auctioned by I1 and impressions

auctioned by I2 (that are not distinguished by single- and multi-homers). Advertiser k

has w1
p,k = v(θ)(1− δ2−p,k), for any non-repeated impression auctioned by I1 on p, where

δ2−p,k is the share of impressions k acquires through I2 on −p. As for impressions auctioned

by I2, k has w2
2,k = v(θ)z Dp

Dp+D12
+ v(θ)z D12

Dp+D12
(1− δ11,k) for any impression auctioned by

I2 on publisher p. We can have δ1−p,k > 0 only if w1
−p,k ≥ w1

−p,−k for all −k ̸= k. That

is, k has the highest WTP (possibly tied with other advertisers). Suppose this holds

and let nm ∈ [1, n] be the number of advertisers for which w1
−p,k = w1

−p,−k, including

k, and suppose n > nm. The other n − nm advertisers get δ1−p = 0 and so must have

w2
p = zv(θ) for any impression by 2 on p. Given δ1−p,k > 0, this WTP exceeds that of

k, wi
p,k = v(θ)z Dp

D−p+D12
+ v(θ)z D12

D−p+D12
(1 − δ1p,k). It is thus impossible to have δ1p,k > 0

and δ2−p,k > 0. Suppose now that nm = n. This can only hold if δ2p,k = δ1−p,k = 1
n
, and

w1
p,k = w1

−p,k = v(θ)
(
1− 1

n

)
while w2

p,k = w2
−p,k = v(θ)z Dp

D−p+D12
+v(θ)z D12

D−p+D12
(1− 1

n
) for

any k. Any advertiser could profitably deviate by bidding v(θ)
(
1− 1

n

)
+ϵ for impressions

on p and zero on −p. We conclude that there cannot be equilibria where any advertiser

acquires ads on both publishers via different intermediaries.

STEP 3: We now show that, whenever z < 1, there cannot be an equilibrium where

any advertiser acquires impressions auctioned by I2. Suppose ñ advertisers acquire im-

pressions via I2. We know from Step 2 that these advertisers cannot acquire impressions

on multi-homers on I1, i.e., δ
1
p,k = 0 for any advertiser k in this group. This implies that

w1
2,k = v(θ) for any impression on P2 auctioned by I1, as these cannot be repeated. It

follows that, provided ñ ≥ 2, we have b
1

2 = v(θ). Now, given δ11,k = 0, these advertisers

also have WTP w2
2,k = zv(θ) D2

D2+D12
+ zv(θ) D12

D2+D12
< v(θ) for impressions auctioned by
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I2, so b
2

2 = w2
2,k. It follows that I2 cannot in fact distribute any of the impressions on

P2, which contradicts our initial assumption. If ñ = 1, given n − ñ ≥ 5 advertisers only

acquire impressions via I1, this intermediary must receive b
1

p = v for any impression,

which again exceeds w2
2,k.

We can thus conclude that any equilibrium must be such that all advertisers acquire

impressions via I1. Given δ2p,k = 0 for any of these advertisers, they have w1
2 = w1

1 = v(θ)

for any non-repeated impression auctioned by I1. Therefore, b
1

p = v(θ), ∀p. Moreover,

given δ1p,k =
1
n
for any advertiser, they all have equal willingness to pay of v(θ)z Dp

D−p+D12
+

v(θ)z D12

D−p+D12
(1− 1

n
) for any impression on publisher p auctioned by I2. This also equals

the equilibrium price at which I2 could sell any impression, and thus equals B
2
for any

p. We thus still find an adtech tax that increases with the share of multi-homers.

A.5 Reserve Price by the publishers

Consider a given ad market, θ. Given v(θ) and the equilibrium price of impressions

on P2 without the reservation price, r, which is B2(V I) = zv(θ)
(
1− D12

D2+D12

1
n

)
, the

price conditional on r ≥ 0 will be zv(θ)(1 − m) if r ≤ zv(θ)(1 − m), and it will be

r if zv(θ) ≥ r > zv(θ)(1 − m), where we denote m ≡ D12

D2+D12

1
n
) for convenience. No

impression will be sold if r > zv(θ). Proposition 2 shows that, without the reservation

price, P2 expects to pay an adtech tax of v(θ)(1− z(1−m)) for every impression. Given

r2 ≥ 0, the tax equals v(θ)− r for any impression whenever r ≤ v(θ) < r/z(1−m) and

v(θ)(1 − z(1 −m)) whenever vH ≥ v(θ) ≥ r/z(1 −m). Therefore, the Proposition still

holds qualitatively.

In the following, let G(v(θ)) be the cumulative distribution of advertising returns in

each market. Given the reserve price, P2’s expected revenue, considering impressions in

all markets, is as follows:

R2 =

(∫ r
z(1−m)

r

rdG(v(θ)) + z(1−m)

∫ vH

r
z(1−m)

vdG(v(θ))

)
(D2+D12), if

r

z(1−m)
< vH ,

R2 =

∫ vH

r

rdG(v(θ))(D2 +D12), if
r

z(1−m)
≥ vH .

The profit-maximizing value of r for P2 depends on the distribution F (v). We do not

establish this price but we are going to establish under which conditions, given r, Propo-

sition 3 still holds.

Suppose first that r
z(1−m)

< vH . The profit of P2 is

π2 =

(∫ r
z(1−m)

r

rdG(v(θ)) + z(1−m)

∫ vH

r
z(1−m)

vdG(v(θ))

)
(D2 +D12)− k2q2.
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Taking the derivative of this expression with respect to q2 we find

∂π2

∂q2
=

∂A

∂m

∂m

∂q2
(D2 +D12) + A

∂(D2 +D12)

∂q2
− k′

2,

where A ≡
(∫ r

z(1−m)

r
rdF (v) + z(1−m)

∫ vH

r
z(1−m)

vdG(v(θ))
)
and

∂A

∂m
=

r

z(1−m)2
rg

(
r

z(1−m)

)
−
∫ vH

r
z(1−m)

vdG(v(θ))+

−z(1−m)
r

z(1−m)2
r

z(1−m)
g

(
r

z(1−m)

)
= −

∫ vH

r
z(1−m)

vdG(v(θ)).

Compare this derivative to (6) and observe that A < v and that and that Dp +D12 does

not depend on q−p. Hence, ∂m
∂q2

> 0 is sufficient for qV S
2 > qV I

2 . This condition holds, for

example, if D0 is small. As for the integrated firm, we have

π1
1 = v(D1 +D12) +B(D2 +D12)− k1q1,

where B ≡
∫ r

z(1−m)

r
(v − r)dG(v(θ)) + zm

∫ vH

r
z(1−m)

vdG(v(θ)) and

∂B

∂m
=

r

z(1−m)2
zrm

z(1−m)
g

(
r

z(1−m)

)
+

∫ vH

r
z(1−m)

vdG(v(θ))+

− zrm

z(1−m)

r

z(1−m)2
g

(
r

z(1−m)

)
=

∫ vH

r
z(1−m)

vdG(v(θ)).

Taking the derivative of π1
1 with respect to q1 we get

∂π1

∂q1
= v

∂(D1 +D12)

∂q1
+

∂B

∂m

∂m

∂q1
(D2 +D12)− k′

1,

Comparing this expression to (6) and observing that ∂m
∂q1

> 0 and that ∂(Dp+D12)

∂q−p
= 0, we

conclude that qV S
1 < qV I

1 .

Suppose now that r
z(1−m)

≥ vH , so that π2 =
∫ vH

r
rdF (v)(D2 +D12)− k2q2. Differen-

tiating this expression with respect to q2, we get

∂π2

∂q2
=

∫ vH

r

rdG(v(θ))
∂(D2 +D12)

∂q2
− k′

2.

Given
∫ vH

r
rdG(v(θ)) < v, when comparing this expression to (6), we obtain that qV S

2 <
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qV I
2 . As for the integrated firm, we have

π1
1 = v(D1 +D12) +

∫ vH

r

(v − r)dG(v(θ))(D2 +D12)− k1q1.

Taking the derivative of this expression with respect to q1 and comparing it to (6), we

find that qV S
1 < qV I

1 .

A.6 Merger between P2 and I2

We determine the equilibrium allocation and prices of impressions for a given advertising

market. Because the equilibrium is identical in all markets, to ease notation in the

following we drop the argument θ from the advertising return.

STEP 1: We denote advertiser k’s willingness-to-pay for an impression on publisher

p delivered by the intermediary i, with p = i in this scenario, as wi
p,k. If the impression

falls on a single-homer, then wi
p,k = zv. If the impression falls on a multi-homer, then

wi
p,k = vz(1− δ−i

−p,k). Given that both firms cannot distinguish between single-and multi-

homers, the willingness to pay is described in expression (16), for any advertiser.

STEP 2: Given advertiser k has wi
p,k = vz

(
1− D12

D2+D12
δ−i
−p

)
, we can show that there

cannot be an equilibrium where this advertiser places ads on both publishers. We can have

δ−i
−p,k > 0 only if w−i

−p,k ≥ w−i
−p,−k for all −k ̸= k. That is, k has the highest willingness-

to-pay (possibly tied with other advertisers). Suppose this holds and let nm ∈ [1, n] be

the number of advertisers for which w−i
−p,k = w−i

−p,−k, including k, and suppose n > nm.

The other n− nm advertisers get δ−i
−p = 0 and so must have wi

p = zv for any impression

by i on p. Given δ−i
−p,k > 0, this WTP exceeds that of k, wi

p,k = zv
(
1− D12

D2+D12
δ−i
−p

)
. It

is thus impossible to have δip,k > 0 and δ−i
−p,k > 0. Suppose now that nm = n. This can

only hold if δip,k = δ−i
−p,k = 1

n
, and wi

p,k = zv
(
1− D12

D2+D12

1
n

)
, for any k. Any advertiser

could profitably deviate by bidding zv
(
1− D12

D2+D12

1
n

)
+ ϵ for impressions on p and zero

on −p. We conclude that there cannot be equilibria where any advertiser acquires ads

on via different intermediaries and publishers in this setting.

STEP 3: Given the above, the equilibrium must be such that bids submitted by any

advertiser must be as in expression (17). Given n > 5 advertisers, we can also establish

that these are also equal to the equilibrium prices of each impression on each firm. The

revenues characterized in (18) follow.

STEP 4: Consider now Stage 1. Starting from (18), we can write the profit of each

firm net of quality investment costs:

π1
1 = zv(D1 +D12)− k1(q1), π2

2 = zv(D2 +D12)− k2(q2), (22)

The equilibrium quality levels, that we denote by q(M) ≡ (q1(M), q2(M)) maximise the
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above expressions. When compared to compared to (5), (7) and (8), we can establish

that q1(M) < q1(V S) < q1(V I) and q2(V I) < q2(M) < q2(V S).

B Analysis of the Examples

B.1 Independent consumer preferences

We assume that the consumers are distributed uniformly with respect to their value for

the content offered by the publishers. We employ a uniform distribution with the unit

support — i.e., u1 ∼ U [0, 1] and u2 ∼ U [0, 1]. Under these assumptions, we are able

to make informed and clear cut presentation of the impact of vertical integration on

consumer surplus and total welfare.

The associated single-homing consumer demand at each publisher p and the multi-homing

demand is

Dp(qp, q−p) = (1−c+γqp)(c−γq−p), D12(q1, q2) = (1−c+γq1)(1−c+γq2) for p ∈ {1, 2}.

Vertical Separation. The equilibrium quality levels at the publisher p is given as

qp(V S) = vγ, for p ∈ {1, 2}. The ensuing single-homing and multi-homing demands are

respectively given as follows.

Dp(V S) =
(
1− c+ vγ2

) (
c− vγ2

)
, D12(V S) =

∏
i∈{1,2}

(
1− c+ vγ2

)
for p ∈ {1, 2}.

The equilibrium profit of publisher p and the advertisers is given as

πp(V S) =
v(2(1− c) + vγ2)

2
, πAd(V S) = 0, for p ∈ {1, 2}.

The profit of the intermediaries is πi(V S) = 0 for i ∈ {1, 2}. Consumer surplus is given as

CS(V S) = (1+vγ2− c)2. Total welfare is then W (V S) = CS(V S)+π1(V S)+π2(V S) =

(1− c)2 + v(1 + γ2)(2(1− c) + vγ2).

Vertical Integration. The equilibrium quality levels at the integrated publisher P1 and

the independent publisher P2 is respectively given as

q1(V I) =
γv (n(n+ 1− c) + γ2v(n+ c− 1)+)

n2 + v2γ4
, q2(V I) =

γv (n(n+ c− 1)− γ2v(n+ 1− c))

n2 + v2γ4
.

The associated single-homing and multi-homing demands are

D1(V I) = (1 + γq1(V I)− c)(c− γq2(V I)), D2(V I) = (1 + γq2(V I)− c)(c− γq1(V I)),
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and

D12(V I) = (1 + γq1(V I)− c)(1 + γq2(V I)− c).

The profit of the integrated firm P1, the independent publisher P2 and the advertisers is

respectively given as

π1(V I) = v(D1(V I) +D12(V I)) +
vD12(V I)

n
− k1(q1(V I))2

2
,

π2(V I) = v(D2(V I) +D12(V I))− vD12(V I)

n
− k2(q2(V I))2

2
and, πAD(V I) = 0.

Consumers surplus under vertical integration is given as

CS(V I) =
n2 (1 + vγ2 − c)

2

n2 + v2γ4
.

Total welfare is then W (V I) = CS(V I) + π1(V I) + π2(V I).

Welfare implications of vertical integration. The profit of the vertically integrated

firm is higher than the profit of the independent publisher. This is straightforward as the

vertically integrated firm is able to skim off a portion of the revenues to the independent

publisher via “Bid-Shading”.

Taking the difference of the consumer surplus in the two cases yields

CS(V S)− CS(V I) =
γ4v2 (1 + γ2v − c)

2

n2 + γ4v2
> 0.

The above difference is always positive implying that vertical integration hurts consumers

vis-á-vis vertical separation. Thus, we show that in this example consumers are better

off under vertical separation.

Taking the difference of the total surplus in the two cases yields

W (V S)−W (V I) =
v2γ2 (1 + γ2) (1 + vγ2 − c)

2

n2 + v2γ4
> 0.

The above expression is always positive. Thus, we show that total welfare falls after a

vertical integration.
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B.2 Negatively correlated preferences.

We assume that the consumers are distributed uniformly with respect to their value

for the content offered by the publishers. We employ a uniform distribution with the

unit support for the preference parameter u1 ∼ U [0, 1]. Further, we assume negative

correlation between u2 and u1 and employ a simple transformation with u2 = 1−u1. The

consumer segmentation in this case can then be represented as in the following figure.

1− c+ γq2

0
u1Single-homers on P1Multi-homersSingle-homers on P2

1c− γq1

Figure 2: Single and multi-homing consumers.

Thus, the associated single-homing consumer demand at each publisher p and the

multi-homing demand is

D1 = c− γq2, D2 = c− γq1, D12(q1, q2) = 1− c+ γq2 − (c− γq1).

Vertical Separation. The equilibrium quality levels at the publisher p and the ensuing

single-homing and multi-homing demands are respectively given as follows.

qp(V S) = vγ, Dp(V S) = c− vγ2, D12(V S) = 1 + 2(vγ2 − c).

The equilibrium profit of publisher p, advertisers and the advertising network p is given

as

πp(V S) =
v(2(1− c) + vγ2)

2
, πAd(V S) = 0, πAN(V S) = 0 for p ∈ {1, 2}.

Consumer surplus in our setting is given as CS(V S) = (1 − c + vγ2)2. Total welfare is

then W (V S) = CS(V S) + π1(V S) + π2(V S) = (1− c)2 + v(1 + γ2)(2(1− c) + vγ2).

Vertical Integration. The equilibrium outcome under vertical integration is as follows.

The equilibrium quality levels at the integrated publisher 1 and the independent publisher

P2 is respectively given as q1(V I) = (n+1)vγ
n

and q2(V I) = (n−1)vγ
n

. The associated single-

homing and multi-homing demands are

D1(V I) = c− γq2(V I), D2(V I) = c− γq1(V I), DY C(V I) = 1 + 2(vγ2 − c).

The profit of the integrated publisher 1 is

π1(V I) =
v ((1− c)(n+ 1)− c+ vγ2(n+ 3))

n
−

(
(n+1)vγ

n

)2
2

.

41



The profit of the independent publisher P2 and the advertisers is respectively given as

π2(V I) =
v ((1− c)(n− 1) + c+ vγ2(n− 3))

n
−

(
(n−1)vγ

n

)2
2

, πAD(V I) = 0.

Consumers surplus under vertical integration is given as

CS(V I) =
n2 (1 + γ2v − c)

2
+ γ4v2

n2
.

Total welfare is then W (V I) = CS(V I) + π1(V I) + π2(V I).

Welfare implications of vertical integration. The profit of the vertically integrated

firm is higher than the profit of the independent publisher.

Taking the difference of the consumer surplus in the two cases yields

CS(V S)− CS(V I) = −v2γ4

n2
< 0.

The above expression is always negative in the relevant parameter range implying that

vertical integration benefits consumers. Thus, we show that in this example consumers

are better off under vertical integration.

Taking the difference of the total surplus in the two cases yields

W (V S)−W (V I) =
v2γ2(1− γ2)

n2
> 0.

The above expression is positive when γ < 1 and negative otherwise.

The result on welfare is a bit nuanced. Recall, that welfare is the sum of consumer

surplus and advertising surplus. Firstly, we find that the advertising surplus is higher

under vertical separation (vis-á-vis). To be more concrete,

∆AS =
∑

p∈{1,2}

(
Dp(V S) +D12(V S)−Dp(V I)−D12(V I)−

(
qp(V S)2

2
− qp(V I)2

2

))

∆AS =
∑

p∈{1,2}

(
−
(
qp(V S)2

2
− qp(V I)2

2

))
> 0. (23)

Vertical integration does not increase the total number of impressions available but in-

creases cost. This is because only the investment of each individual publisher changes

while the total investment level across them remains unchanged. As the investment costs

are convex, an increase in investment by the integrated publisher results in increased

investment cost. This increased investment cost due to reallocation of investment efforts
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negatively affects advertising surplus under vertical integration. However, the negative

impact of advertising surplus on total welfare under vertical integration can be counter-

vailed by its impact on consumer surplus. Specifically, when consumers’ sensitivity to

quality is high (when γ > 1), we find that total welfare can be higher under vertical

integration than under vertical separation as the consumer surplus gains are greater than

welfare losses due to increased investment costs. Else when γ ≤ 1, total welfare is lower

under vertical integration.

B.3 Positive correlation of preferences.

We assume that the consumers are distributed uniformly with respect to their value for

the content offered by the publishers. Further, these values are positively correlated such

that u2 = αu1 with u1 ∼ [0, 1] and u2 ∼ [0, α] with α ∈ [0, 1]. Thus, utility of consumers

when visiting P2 can be appropriately modified.

For a complete analysis of this extension, two cases must be considered — i.e., (i)

ū1 ≤ ū2 and (ii) ū1 > ū2 where the definition of ū1 and ū2 is explained below. This is

because the demand structure is different in the two cases.

(i) Case ū1 ≤ ū2. Consumers visit content providers when they receive positive utility.

Thus, consumers participate on P1 and P2 respectively when

V1 ≥ 0 =⇒ u1 ≥ ū1 := c− γq1 and V2 ≥ 0 =⇒ u1 ≥ ū2 :=
c− γq2

α
.

c−γq2
α

0
Multi-homersSingle-homers on P1

1c− γq1

Figure 3: Single and multi-homing consumers.

The associated demands are D1 =
c−γq2

α
− (c− γq1) and D2 = 0 and D12 = 1− c−γq2

α
.

Vertical Separation. The equilibrium quality levels at the publisher P1 and P2 are re-

spectively given as follows. q1(V S) = vγ and q2(V S) = vγ
α

The equilibrium profit of

publishers P1 and P2 is π1(V S) = 2v(1−c)+vγ2

2
and π2(V S) = v(vγ2+2α(α−c))

2α2 . The profit of

advertisers and the intermediary p is zero. Consumer surplus in this setting is

CS(V S) =
α2 (α2 + α + c2 + α(c− 4)c) + 2αγ2v (α(α + 1)− (α2 + 1) c) + (α3 + 1) γ4v2

2α3
.

Welfare is given as W (V S) = CS(V S) +
∑

p∈{1,2} πp(V S).

Vertical Integration. The equilibrium quality levels at the integrated publisher P1 and the

independent publisher P2 is respectively given as q1(V I) = vγ, q2(V I) = (n−1)vγ
αn

.
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The profit of the integrated publisher 1, the independent publisher P2 and is respec-

tively given as π1(V I) =
v(2αn(α(n+1)−c(αn+1))+γ2v(n(α2n+2)−2))

2α2n2 , π2(V I) =
(n−1)v(2αn(α−c)+γ2(n−1)v)

2α2n2 .

Consumers surplus under vertical integration is given as

CS(V I) =

(
α2n2 (α2 + α + c2 − α(4− c)c)

+ 2αγ2nv (α(αn+ n− 1)− c (α2n+ n− 1)) + γ4v2 (n (α3n+ n− 2) + 1)

)
2α3n2

.

Total surplus is then W (V I) = CS(V I) + π1(V I) + π2(V I).

Welfare implications of vertical integration. The profit of the vertically integrated firm is

higher than the profit of the independent publisher. Taking the difference of the consumer

surplus in the two cases yields

CS(V S)− CS(V I) =
γ2v (vγ2(2n− 1)− 2αn(c− α))

2α3n2
> 0.

The above is always positive in the relevant parameter range implying that vertical in-

tegration hurts consumer surplus. Thus, we show that in this example consumer’s are

always worse-off under vertical integration.

Taking the difference of the total surplus in the two cases yields

W (V S)−W (V I) =
γ2v (vγ2(2n− 1) + vα− 2nα(c− α))

2α3n2
> 0.

The above is always positive in the relevant parameter range. Thus, we show that total

welfare falls after vertical integration.

(ii) Case ū1 > ū2. Consumers visit content providers when they receive positive utility.

Thus, consumers participate on P1 and P2 respectively when

V1 ≥ 0 =⇒ u1 ≥ ū1 := c− γq1 and V2 ≥ 0 =⇒ u1 ≥ ū2 :=
c− γq2

α
.

c− γq1

0
Multi-homersSingle-homers on P2

1
c−γq2

α

Figure 4: Single and multi-homing consumers.

The associated demands are D1 = 0 and D2 = (c−γq1)− c−γq2
α

and D12 = 1−(c−γq1).

Vertical Separation. The equilibrium quality levels at the publisher P1 and P2 are respec-

tively given as follows. q1(V S) = vγ and q2(V S) = vγ
α
The equilibrium profit of publisher

P1 and P2 is π1(V S) = 2v(1−c)+v2γ2

2
and π2(V S) = v(vγ2+2α(α−c))

2α2 . The profit of advertisers

44



and the intermediaries is zero. Consumer surplus in this setting is

CS(V S) =
α2 (α2 + α + c2 − α(4− c)c) + 2αγ2v (α(α + 1)− (α2 + 1) c) + (α3 + 1) γ4v2

2α3
.

Welfare is given as W (V S) = CS(V S) +
∑

p∈{1,2} πp(V S).

Vertical Integration. The equilibrium quality levels at the integrated publisher P1 and the

independent publisher P2 is respectively given as q1(V I) = vγ(n+1)
n

, q2(V I) = vγ
α
.

The profit of the integrated publisher P1, the independent publisher P2 and is respec-

tively given as π1(V I) =
(n+1)v(γ2v(n+1)v+2n(1−c))

2n2 , π2(V I) =
v(γ2v(n(n−2α2)−2α2)+2αn(α(n−1)−c(n−α)))

2α2n2 .

Consumers surplus under vertical integration is given as

CS(V I) =

(
α2n2 (α2 + α + c2 − αc(4− c)) + 2αγ2nv (α(α + αn+ n)− c (α2(n+ 1) + n))

+ γ4v2 (n2 + α3(n+ 1)2)

)
2α3n2

.

Total surplus is then W (V I) = CS(V I) + π1(V I) + π2(V I).

Welfare implications of vertical integration. The profit of the vertically integrated firm is

higher than the profit of the independent publisher. Taking the difference of the consumer

surplus in the two cases yields

CS(V S)− CS(V I) = −γ2v (2(1− c)n+ γ2(2n+ 1)v)

2n2
< 0.

The above expression is always negative in the relevant parameter range implying that

vertical integration benefits consumer surplus.

Thus, we show that in this example consumer’s are always worse-off under vertical

integration.

Taking the difference of the total surplus in the two cases yields

W (V S)−W (V I) =
γ2v (v(1− γ2)− 2n(1 + γ2v − c))

2n2
.

The above is positive if and only if n > v(1−γ2)
2(1+γ2v−c)

.
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