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Abstract

When does opening a bottleneck in digital markets induce genuine contestability, and
what would the consequential outcomes be? To answer these questions, I develop a two-
period stochastic general equilibrium model in which a dominant platform and a poten-
tial rival interact strategically. Nesting this game within the general equilibrium connects
market-level competition to aggregate production and welfare.

Effective market access determines how much potential demand a rival can obtain, and
the resulting commercial scale determines whether entry and innovation are privately viable.
Fixed entry costs create a commercially viable threshold while scale-dependent innovation
returns generate a second, higher threshold for rival innovation. These thresholds separate
the market into three regimes: no rival entry, rival entry without innovation, and rival entry
with innovation.

Applying the model to EU iOS mobile app distribution under the Digital Market Act
shows that post-DMA observed effective market access kP crosses the commercial-entry
threshold x¥ and supports rival entry. However, full effective market access still leaves the
rival trapped in an ”entry without innovation” regime with a marginal benefit-to-cost ratio
of 0.949. Diagnostics show that closing 22.62% of rival inherited quality and productivity
gaps lowers rival innovation threshold to the observed access level. Greater access reduces
platform profits but stimulates platform innovation. Aggregate consumption-equivalent wel-
fare increases (0.222%—0.470%) via downstream linkages. These robust findings demonstrate
that rival entry precedes innovation, and platform innovation and aggregate welfare gains
remain positive, illustrating that formal compliance, commercial viability, and dynamic con-
testability are distinct sequential tests of regulatory success.

*Georgetown University, Knight—Georgetown Institute. Email: yx76@georgetown.edu.
I am especially grateful to Fiona Scott Morton for insightful modeling suggestions during the early stages of this
project, and to Filippo Lancieri and Alissa Cooper for their generous mentorship and advice on modeling, data,
and practical aspects throughout the project. I also thank Reinhold Kesler for helpful comments and suggestions,
and Amr Yakout and Zhiyang Cheng for their excellent research assistance. This research was supported by the
Fritz Family Fellowship at Georgetown University. All errors are my own.



1 Introduction

Opening a digital market is not the same as introducing an effective competitor to the market. A
legal rule or regulation may grant a rival the formal right to reach users, but factors, like interface
design, interoperability, and switching costs, often restrict users’ actual adoption. Even when
market access is possible, the potential rival might still not enter if there is insufficient market
demand to offset fixed entry costs. Moreover, an active rival might lack the commercial scale
required to support continued innovation. The central question of this paper is therefore not
whether a digital market bottleneck can be opened, but whether that opening can be converted
into a commercially viable entry and sustained dynamic competition.

The same features that make them valuable—network effects, economies of scale and scope,
switching costs, accumulated data, and control over distribution channels—can also make an
established platform difficult to challenge (Rochet and Tirole, 2003; Armstrong, [2006; |Biglaiser
and Crémer, 2020). A small rival may face not only a current route-to-market problem, but
also competitive asymmetries accumulated while that route was restricted. Because digital
services can also serve as gateways and productive inputs for activity elsewhere in the economy,
competition at a digital bottleneck can affect more than the price and market share of the
digital service itself.

The European Union’s Digital Markets Act (DMA) is a leading example of the shift to-
ward ex-ante digital market regulation (European Parliament and Council of the European
Union, 2022). The DMA pursues contestability and fairness through a wide set of obligations.
One important channel is the opening of gatekeeper-controlled routes that allow rivals to reach
users. But a formal entitlement to use a route to market does not by itself determine whether
users can discover, adopt, and continue using a rival’s service/product, or whether the resulting
commercial base can support rival innovation. The same economic issue arises when competi-
tion authorities use interoperability, non-discrimination, steering, or access remedies in other
settings.

Existing research has laid an important foundation for solving this puzzle. The platform
literature investigates how network effects shape entry and pricing (Rochet and Tirole, 2003;
Armstrong, 2006). Research on digital competition policy examines why conventional enforce-
ment may operate slowly in markets prone to tipping and analyzes the design and implemen-
tation of ex-ante obligations (Crémer et al., 2019; |Cabral et al., 2021} |Bostoen, 2023; |Cennamo
et all 2023). The competition and innovation literature shows that stronger competition can
raise or lower innovation incentives depending on market structure, innovation rents, and the
relative positions of incumbents and entrants (Aghion et al., [2005; |Acemoglu and Caol [2015;
Akcigit and Kerr} [2018). Some other work studies regulation as a determinant of innovation.
Labor regulation can reduce firms’ propensity to innovate and weaken their innovation response
to demand shocks, while policy-induced price incentives can redirect technical change across
technologies (Aghion et al., 2023| 2016). |Waldfogel (2024) and Fang and Kim| (2026) also show
that regulatory scrutiny and access obligations can alter gatekeeper conduct and downstream
competition.

What remains less explained is when a change in market access can induce a sustainable
competitive process. Legal compliance or changed platform conduct does not reveal whether a
rival can acquire enough users and revenue to enter, scale, and innovate. On the contrary, a
small rival share does not by itself reveal whether growth is still constrained by current market
access frictions or by an inherited competitive position. The DMA impact assessment identified
weak contestability, unfair practices, and reduced innovation as central problems (European



Commission, 2020), but it did not provide a structural mapping from market access to rival
demand, entry, innovation and welfare.

This paper develops that mapping. The model shows when opening a digital market bot-
tleneck and improving market access can translate into a rival’s commercially viable entry, and
when the resulting commercial scale can make rival innovation privately profitable. Greater
effective market access expands the demand that a potential rival can convert into a mar-
ket foothold. This commercial base determines whether entry covers its fixed entry costs and
whether successful innovation generates a sufficiently large private return. The paper does
not assume that access automatically produces entry nor that entry automatically produces
innovation. It derives the conditions under which each transition occurs.

The model developed in this paper tries to distinguish between two objects that are often
combined in the discussion of digital market contestability—effective market access and inherited
competitive state. The former refers to the rival’s ability to reach users and convert potential
demand into realized demand. The latter is the quality, productivity, and other competitive
conditions with which the rival enters the market. It does not assume that inherited state devel-
oped independently of earlier restrictions on market access. Instead, these inherited conditions
may summarize accumulated disadvantages in scale, networks, data, and reputation due to the
cumulative effects of the preceding market access restrictions. This separation allows the model
to distinguish the removal of a route-to-market disadvantage from the slower process through
which firms build capabilities and commercial positions.

The interaction between the inherited state and effective market access is embedded in a
two-period stochastic model with a dominant platform and a potential rival. The inherited
market is platform-only. After observing period-1 effective market access, the rival decides
whether to enter. The platform and an active rival then choose investments in incremental and
disruptive innovation. Innovation success changes both consumer-facing quality and production
productivity. This game in the digital sector is nested inside a general equilibrium in which
digital products are consumed by households and used as intermediate inputs in non-digital
production. Therefore, rival entry and innovation affect the digital price index, labor demand,
wages, household income, non-digital production, and welfare. These aggregate outcomes, in
turn, affect the profitability of rival entry and innovation. The framework combines strategic
market structure and innovation with an economy-wide consistency condition (Atkeson and
Burstein, [2008; Neary, |2016} Pellegrino, 2025, Baqgaee and Farhi, [2019)).

This framework delivers five main implications.

First, a rival’s commercialization is jointly determined by effective market access and in-
herited competitive position. Greater effective market access directly scales a rival’s market
share, allowing an active rival to convert more potential demand into realized sales, although
the expansion diminishes. However, the level of commercialization achieved at any given mar-
ket access depends on the inherited state the rival enters with. Full market access removes the
modeled market access disadvantage, but it does not eliminate inherited differences in product
attractiveness or imply equal market shares.

Second, better commercialization opportunities do not automatically lead to rival entry.
Fixed entry costs create a commercial entry threshold (k). Below this threshold, improved
market access may increase the demand the rival could capture if it entered, but the commer-
cialization value is not enough to cover the fixed entry cost. The rivals’ realized market share
remains zero since entry is not economically viable. At the threshold, commercialization value
equals fixed entry costs, and entry becomes privately attractive. Beyond the threshold, further
improvements in market access could continue expanding the active rival’s commercial scale.



Third, commercially viable entry does not necessarily produce dynamic competition. Rival
innovation becomes privately profitable only when the commercial base is large enough for the
expected gain from successful innovation to cover its marginal cost. This generates a second
threshold, !, above the commercial-entry threshold. These two thresholds separate the market
into three different regimes: no rival entry (Regime I); rival entry without innovation (Regime
IT); and rival entry with innovation (Regime III). A market can thus support an active rival
without yet supporting its innovation.

Both thresholds depend on the conditions inherited at the time of market regulation. Rival
with stronger inherited quality, productivity, or innovation capacity can enhance its commer-
cialization value and lower the effective market access required for rival entry and innovation.
Therefore, effective market access and inherited competition state are complementary in the
transition from market opening to dynamic competition.

Fourth, the effect of greater effective market access on platform innovation is theoretically
ambiguous. Improved market access shifts digital expenditure toward the rival and reduces
the platform’s market share and profit. This business-stealing effect might weaken the plat-
form’s incentive to innovate. Meanwhile, lower quality-adjusted digital prices can expand total
digital expenditure and therefore change the profit gain associated with a successful platform
innovation. So platform profit and its R&D need not move in the same direction.

Fifth, improved market access has direct price and production benefits, but the complete
aggregate welfare effect cannot be signed analytically. Conditional on rival activity and fixed
price-quality state, greater access lowers the quality-based digital price. At the same time, the
effect of a lower digital price index has also been propagated by the channel of digital products
as intermediate inputs in the non-digital production, raising labor productivity and equilibrium
wage. However, aggregate welfare also depends on changes in labor reallocation, innovation
expenditures, firm profits, and foreign ownership. These forces need not all work in the same
direction. The sign and the magnitude of the complete welfare effect are results of quantitative
general equilibrium rather than unconditional theoretical predictions.

For quantitative analysis, the framework is applied to iOS mobile app distribution in the
European Union. This setting clearly provides an identified bottleneck in that specific digital
market. The observed post-DMA effective market access is k$™ = 0.47

The benchmark calibration yields a commercial entry threshold of k¥ = 0.2342. The ob-
served market lies in Regime II, where rival entry is commercially viable, but rival innovation
is not. Holding the inherited competitive state fixed, full market access raises the rival’s market
share to 4.1% but still does not enable rival innovation. Therefore, removing the remaining
market access gap alone does not produce dynamic competition.

Two complementary exercises show how the inherited rival position and rival innovation
capacity change this conclusion. Along a path that narrows the inherited gaps between the
rival and the platform in quality and productivity, if we can close 22.62% of each gap, it can
bring the innovation threshold down to the observed market access H(fbs, even though the rival’s
market share is only 4.29%. In another recalibrated path with stronger rival innovation capacity,
the innovation threshold falls to x! = 0.4284, shifting the observed market to Regime III. These
results show that dynamic competition can be introduced and operate well before equal market
shares are realized. They also demonstrate that markets with similar observed entry and market
shares may have very different innovation prospects.

The paper makes three contributions. First, it contributes to a theory of the transition from

! A companion measurement framework disciplines the model’s effective market access(Cheng et all [2026).



market opening to dynamic competition. Existing platform and digital regulation research ex-
plains how market bottlenecks developed and how access obligations may alter players’ conduct.
This paper delivers two distinct thresholds to explain why legal opening, entry, market share,
and innovation can provide different assessments of the same reform.

Moreover, this paper contributes methodologically by integrating endogenous entry and
strategic innovation into a general equilibrium model. The inner firm game determines market
structure and R&D choices. The outer equilibrium makes demand, wages, income, production,
and resource use consistent with those decisions. This structure permits the same model to
study commercial viability, rival and platform innovation incentives, downstream production
effects, and welfare.

Last but not least, this paper provides a quantitative framework for separating effective mar-
ket access from the competition state inherited at the time of regulation. The empirical applica-
tion uses measured market access conditions and observed market outcomes to locate the actual
market relative to the theoretical entry and innovation thresholds. The counterfactuals show
how stronger inherited conditions or innovation capacity could change those thresholds. This
offers a way to empirically evaluate whether a bottleneck-opening intervention has produced
only formal/legal access, a commercially viable rival, or a dynamically innovative competitor.

The remainder of the paper proceeds as follows. Section [2| presents the model. Section
derives the economic mechanisms of the model. Section {4 and Section [5| apply the model
to mobile app-distribution application market, describing the calibration and counterfactual
design. Section [6] presents the quantitative and sensitivity results. Section [7] discusses policy
implications, and then Section [§] concludes.

2 A Model of Effective Market Access, Entry and Innovation

Digital-market regulation can affect contestability through several channels. This paper iso-
lates one foundational mechanism: whether a potential challenger can reach users through
a gatekeeper-controlled bottleneck and convert potential demand into realized sales. Usable
market access is necessary for this commercialization opportunity, but positive demand is not
sufficient to make entry privately viable. Entry is commercially viable only when the discounted
expected value of operating in the market, net of the challenger’s optimally chosen innovation
expenditure, is sufficient to cover the fixed cost of entry. Even after entry, the resulting commer-
cial base may remain too small to make innovation privately profitable. The model therefore
distinguishes three outcomes that are often conflated: effective market access, commercially
viable entry, and innovation supported by commercial scale.

The model formalizes this sequence in a two-period stochastic general equilibrium economy.
An improvement in effective access increases the demand that the challenger could serve if it
entered, thereby expanding the commercial opportunity associated with entry. The challenger
enters only when the value of that opportunity crosses a commercial-viability threshold. Con-
ditional on entry, further improvements in access expand the challenger’s realized sales base.
Innovation becomes privately profitable only if that commercial base is sufficiently large for
the expected gain from successful innovation to cover its cost. The model can generate two
distinct thresholds: one for commercially viable entry and a second for challenger innovation.
Whether either threshold is crossed depends jointly on the inherited competitive conditions, the
fixed cost of entry, and firms’ innovation technologies. Entry and innovation then affect digital
prices, labor demand, firm profits, household income, non-digital production, and welfare.



The model is not intended as a general model of the DMA or of every channel through which
digital-market regulation may affect fairness and contestability. It isolates the market-access
mechanism through which some digital-market interventions operate and studies its interaction

with inherited competitive conditions and endogenous innovation.

2.1 Economic Environment And Timing

Consider a two-period general-equilibrium economy, indexed by ¢ € {0,1}. Period 0 describes
the inherited market environment before the introduction of digital market regulation and the
transition during which entry and innovation expenditures are undertaken. Production in this
period uses inherited technologies, and period-0 resources finance household consumption as
well as any entry and innovation expenditures. Period 1 describes the economy after the regu-
lations have been enforced and innovation outcomes have occurred. The two-period structure
allows firms to incur entry and innovation costs during the transition and receive the resulting
commercial and technological returns in the subsequent period.

The economy consists of a representative household H, a dominant digital platform P, a
potential challenger/challenger R, and a competitive non-digital sector N. A policy, implemen-
tation, compliance, and adoption process produces the period-1 effective-access state k1. The
model does not represent this process as a strategic actor or assume that a regulator directly
chooses mﬂ

The representative household supplies L units of labor inelastically consumes a non-digital
numeraire good C; and digital products or services D; in each period. Digital services supplied
by the dominant platform and challenger are imperfect substitutes. The household owns the
firms while a fraction ¢ € [0,1] of the dominant platform is foreign-owned. It receives labor
income, challenger profit, and the share 1 — ¢ of the platform’s net distributions; the remaining
share is remitted abroad Pl

The inherited digital market is served only by the dominant platform. A potential challenger
may enter after observing the period-1 effective access state. I therefore maintain throughout
that egg = 0. This assumption isolates the response at the center of the analysis: whether
an improvement in effective market access makes challenger entry commercially viable. The
model abstracts from the continuation and exit decisions of challengers that are already active
in the inherited market. However, conditional on entry, the challenger’s commercial scale and
innovation choices respond endogenously to period-1 market conditions.

The dominant platform and active rival can invest in two directions of innovation. Incremen-
tal innovation improves the existing digital service, whereas disruptive innovation can generate
a larger technological or product-quality improvement. Both firms can undertake either type
of innovation, although they may possess different comparative advantages and innovation effi-
ciencies across the two directions.

The economy begins with the inherited state

So = {ro, Ho}, Ho = {qpro, 9ro, Aro, Aro, Bo} , .

Here kg is inherited effective market access facing the potential rival. Because the challenger is
not active in period 0, k¢ does not directly enter period-0 household or intermediate demand.

2The regulator sets regulatory obligations. These obligations do not directly determine market shares or firm
entry. Instead, they may change effective access from ko to k1.

3Thus, ¢ = 0 corresponds to complete domestic ownership of the platform and ¢ = 1 to complete foreign
ownership.



Instead, it describes the inherited access environment facing a potential entrant and provides
the period-1 access state under the no-improvement counterfactual.

The variables gpg and Apy denote the platform’s inherited service quality and production
productivity. The variables qrg and Agy denote the pre-innovation quality and productivity
with which the potential challenger would enter the period-1 market. Because the challenger
is inactive in period 0, these are latent pre-entry characteristics rather than realized period-0
market outcomes. Finally, By denotes inherited non-digital productivity.

The vector Hg collects the inherited economic and competitive conditions other than the
inherited effective-access state kg. Entry costs and the parameters governing firms’ innovation
technologies are structural primitives rather than elements of Hy. Once kp is realized, entry
and innovation decisions depend on k1, Hg, and these structural primitives. The inherited
access state kg characterizes the initial access environment and provides the no-improvement
benchmark.

This analytical separation does not imply that Hg developed independently of earlier ac-
cess conditions. Historically restricted access may have affected the challenger’s opportunity
to acquire users, develop networks, collect data, improve its product, build a reputation, or
accumulate other competitive capabilities. The model conditions on Hy at the transition date
without identifying the historical process that produced it.

The timing is as follows:

1. Inherited market environment. The economy begins from the pre-regulated state Sp.
The period-0 digital market is served only by the dominant platform, and production takes
place using the inherited platform and non-digital technologies. The potential challenger
has the latent pre-entry characteristics (qro, Aro) but is not part of the period-0 household
or producer choice sets.

2. Realization of period-1 effective access. The policy and implementation process
produce the period-1 access state k1. Under the no-improvement counterfactual, k1 = kqg.
Under an access-improving intervention, k1 > kg. Firms observe k1 before making entry
and innovation decisions.

3. Entry. After observing k1, the potential challenger decides whether to enter the period-1
digital market, given the inherited economic and competitive conditions Hy. Let er €
{0, 1} denote this decision. Entry requires a fixed resource cost Fr > 0.

4. Innovation investment. Conditional on the entry decision, the platform and the active
rival simultaneously choose investments in incremental and disruptive innovation. Denote
these choices by

azjk(m), j e {P,R}, ke {I,D}

The entry cost and innovation expenditures are paid in units of the period-0 non-digital
numeraire. They therefore reduce the period-0 resources available for household consump-
tion.

5. Innovation realization. Stochastic innovation outcomes are realized between periods.
These outcomes determine firms’ period-1 qualities and productivity.

6. Period-1 equilibrium. In period 1, firms produce with the resulting technologies. Cur-
rent effective access affects rival’s ability to commercialize its services, while inherited



conditions and realized innovation affect firms’ relative price-quality positions and pro-
duction costs. Households make their consumption choices, firms employ labor and earn
profits, and all markets clear.

2.2 Effective Market Access and the Inherited Competitive State

Let x; € [0,1] denote the rival’s current effective market access: its usable ability to reach
users and translate potential demand into realized commercial demand. The dominant plat-
form’s market access weight is normalized to one. Conditional on rival activity, the rival’s
corresponding market access weight is .

Thus, x; = 0 means that the rival is commercially inaccessible in the modeled demand
system, whereas x; = 1 means that the platform and rival receive equal access weights, condi-
tional on their prices and qualities. I refer to x; = 1 as the full access benchmark. Full market
access removes the contemporaneous access disadvantage represented by k¢; it does not imply
equal products, equal qualities, equal productivities, equal market shares, homogeneous-good
Bertrand competition, or the disappearance of networks, data, reputation, and other competi-
tive asymmetries inherited at the transition date.

The distinction between x; and Hg is analytical rather than causal. The model conditions on
the inherited state when evaluating a change in current market access, but it does not assume
that the inherited state is independent of past contestability. Historically restricted market
access may have limited a challenger’s ability to acquire users, benefit from network effects,
collect data, attract complementary suppliers, learn from market participation, finance product
development, or establish a reputation. Those cumulative effects may be reflected in inherited
quality, productivity, market presence, or innovation capacity.

The baseline model does not specify the longer-run law of motion through which past mar-
ket access, commercial scale, network formation, data accumulation, and repeated innovation
jointly produce the inherited state. It therefore does not identify whether an observed compet-
itive asymmetry originates in intrinsic product differences, earlier exclusion, cumulative scale
advantages, consumer preferences, superior investment, or some combination of these forces.
The counterfactual object is consequently the period-1 equilibrium generated by alternative
current market access states conditional on inherited conditions,

Vi(k1 | Ho),

where ); collects equilibrium entry, innovation, allocations, profits, and welfare. The full-
market-access benchmark is therefore a conditional boundary exercise, not a prediction of the
long-run market structure that would emerge after many periods of capability accumulation
under permanently open market access.

Effective market access does not directly determine entry, market share, quality, produc-
tivity, or innovation. It changes the commercial opportunity available to an active challenger.
Whether that opportunity supports entry or innovation depends jointly on x;, the inherited
state, relative prices and qualities, entry and innovation costs, firms’ innovation efficiencies, and
general-equilibrium conditions.

The model does not assume that a regulator directly chooses k1. Particular rules, enforce-
ment decisions, implementation practices, platform responses, technical conditions, and user or
business adoption may jointly produce the realized market access state. The threshold results
derived in Section [3] therefore identify the effective market access conditions required for entry
or innovation, not the legal strictness or enforcement expenditure required to produce those



conditions. The empirical construction used to discipline k; is introduced only after the model’s
theoretical implications have been established.

2.3 Household Preferences

A representative household lives for two periods and supplies L units of labor inelastically in
each period. It consumes a non-digital good Cy and digital services supplied by the platform and
rival, denoted by dp; and dp:, respectively. Rival consumption is the consumption of services
supplied by the rival, conditional on its activeness in the marketﬁ

Lifetime expected utility is

U = log Xy + PEq [log X1], B e (0,1), (1)

where X; is a consumption composite, the expectation is taken over period-1 innovation out-
comes, and [ is the discount factor.
The consumption composite combines non-digital consumption and digital services:

g
o—1|o-1

a=1 g=1
Xt: (1_'“)0150 +/LDtU ) ME(()?I)? (2)

where p governs the weight on digital services, and o > 0 is the elasticity of substitution between
digital and non-digital consumption.

When the rival is active, the digital-services composite D; combines quality-adjusted services
from the dominant platform and the rival:

9D
op—1 1 op—1 op—1

Dy = |(gpidpt) °D +/‘6,507D (qredRy) °D ) op > 1, (3)

where g;; > 0 denotes the quality of the service supplied by the platform or the rival j € {P, R}
and op is the elasticity of substitution between the two digital services. Effective market access
k¢ enters directly as the rival’s relative commercial-access weight. The dominant platform’s
corresponding weight is normalized to one.

If the challenger is inactive, it is excluded from the household’s choice set:

dri =0, Dy = qpidpy. (4)

The non-digital good is the numeraire. Digital services are sold at predetermined prices
Pp > 0 and Pgr > 0, which are held fixed across periods and counterfactuals. This assumption
allows the analysis to focus on access, commercialization, and innovation rather than endogenous
pricing.

The household’s period-t budget constraint is

Cy + Ppdpi + Prdg: = I;. (5)

Let «¢; = (xj7,z;p). The household owns the firms, and the competitive non-digital sector
earns zero profit, so the household’s disposable income is

I = wi L+ (1 — ¢)mps + TRy

—1{t =0} [(1 — ¢)Cp(xp) + er (Fr + Cr(zr))]. )

1S0 rival consumption is zero when the rival is inactive.



Here, w; is the wage, m;; denotes the operating profit of digital supplier j and mr; = 0 when
the challenger is inactive. Cj(x;) denotes the digital supplier j’s investment in incremental
innovation I and disruptive innovation D. The final term accounts for the domestically financed
period-0 resources used for entry and innovation. Foreign owners finance the share ¢ of platform
innovation expenditure, consistent with the foreign-remittance accounting below.

Define the quality-adjusted prices of the two digital services as

pri= L pp = iR (7)
qpt 4Rt

Conditional on challenger activity, the unit-expenditure index for the digital composite is

1
Pou = [phe? + kil ™) 7 (8)

The shares of digital expenditure allocated to the challenger and platform are

l—0op
RtP

op I—O'D ’
+ KeDpy

SRt = —— spt =1—spg;. (9)

1
Ppy
When the challenger is inactive, sg; = 0 and sp; = 1.
Equivalently, relative demand satisfies

d op—1 P oD
dre _ (qm> (P) _ (10)
dpy qpt Pr

Equation displays the two separate determinants of rival demand. Effective market
access determines whether and to what extent the rival can reach users, while relative quality
determines how attractive its service is once access is available. However, we should note that
this is an accounting decomposition inside the model, not a causal decomposition of the rival’s
observed market position. In particular, the inherited quality term may partly embody scale,
network, data, reputation, or product-development differences accumulated under the preceding
market regime.

Under the raw CES weights in the equation , the price index for total consumption is

1
Pxe = [(1—=p) +pPp )77 . (11)
The household’s digital expenditure share is
op l1—0o
SH— " b (12)

(L= )7+ po P

Optimal expenditure allocations satisfy

Cy=(1-8M)1, (13)
SH(1 - sp)],

dp, = wj (14)
Pp
SJ{SRLD

dpy = =22, 15

mo= 2 (15)

Optimal composite consumption in period ¢t is

Iy

X =—. 16

t PXt ( )

Household welfare therefore changes through both real income and the quality-adjusted cost

of consumption.
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2.4 Non-Digital Market

The non-digital good sector produces competitively using labor and digital services as interme-
diate inputs:
YNt - BtL}\[_,:LD£7 L e (07 1)a (17)

where B; > 0 denotes non-digital productivity, Ly is labor, and l~)t is a composite of digital
intermediate inputs. The parameter ¢ is the digital-input expenditure share.
Let mp; and mp; denote the quantities of dominant-platform and rival-platform services

used as intermediate inputs. Conditional on rival activity, the digital-input composite is:
9D
op—1 % op—1 op—1

Et: (gpemp) 0 + K P (qrempge) 7P . (18)

The same effective market access weight k; is used for household and intermediate demand.
This means that the market conditions governing usable access affect household and business
adoption symmetricallyﬂ
If the rival is inactive,
mp = 0, Dy = qptmpt. (19)

Taking wages, digital-service prices, qualities, and effective access as given, the non-digital
producer solves

max {BtL}V_tLﬁé - thNt - PPmPt - PRmRt} . (20)

Lniympy,mpe>0

Cost minimization within the digital-input composite produces the same within-digital ex-
penditure shares as household demand. Conditional on the rival’s activity,

op—1 P op
e () ()"
mpt qpt Ppg

The first-order conditions for labor and the aggregate digital input imply

Y,
wp = (1— ) 2L (22)
Lt
and
Y;
Ppy = 121 (23)
Dy

Consequently, expenditure on each digital supplier is

Ppmp; = (1 — sge)tYny, (24)

Prmpy = sritYne. (25)

Because the non-digital technology has constant returns to scale, and the sector is compet-
itive, its equilibrium profit is zero:

Ynt — wi Lyt — Ppmpy — Ppmp: =0 (26)

® Allowing separate access weights for household and intermediate demand would be a straightforward extension
but would require separate empirical discipline.
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Improvements in digital quality lower the effective price of digital inputs. Moreover, digital
productivity improvements reduce the labor required to serve a given quantity and alter wages,
profits, and household income in general equilibrium. Therefore, digital innovation can propa-
gate beyond direct household digital consumption without an additional reduced-form spillover
parameter.

2.5 Digital Sector Production

An active digital supplier j € {P, R} produces services using labor:

Yji = AjtLjy, (27)

where Yj; is the quantity of digital services output; Lj; is labor employed for digital production;
Ajy > 0 is production efficiency. Productivity Aj; and consumer-facing service quality gj; are
distinct. The former determines the resources required to supply a given quantity, while the
latter determines the effective services received by the household based on that quantity.

Digital output is used for both household consumption and non-digital production. Market-
clearing for each active supplier requires

Yje = dje + myy. (28)
It follows that its production labor is
dis + Mt
L., = 2 1t 29
Jt Ajt ( )
When the rival is inactive,
drt =mpt = Yrt = Lre = 0. (30)

Thus, conditional on posted prices, service quality, and effective market access, active firms
accommodate household and intermediate demand.

2.6 Innovation

After observing post-regulation effective market access k1 and the entry decision, each active
supplier chooses investment in incremental and/or disruptive innovation,

zji >0, je{P,R} ke{l,D}.

Innovation investments are measured in units of the period-0 non-digital numeraire. Their
resource cost can be written as
Cj(xj) = xj1 + xjp. (31)
Let &, € {0,1} indicate whether firm j succeeds in innovation direction k. The probability
of success is

O (i) = Pr(&p = 1| ajn) = 1 — exp(—njanzin) , n>0, (>0, (32)

where 7 governs the common productivity of innovation expenditure, ¢; is firm-specific innova-
tion efficiency, and a;;, captures comparative advantage across innovation directions. I normalize
(p =1 and allow (g to varyﬁ

5The benchmark quantitative application sets (g = 1; alternative values characterize different inherited chal-
lenger innovation capacities.
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The comparative-advantage parameters satisfy
1
apr = agp = A, app = arr =1 — A, A€ 571 .

So the platform has a comparative advantage in incremental innovation, while the challenger
has a comparative advantage in disruptive innovation, although both firms may invest in both
directions. However, the model conditions on these innovation efficiencies at the transition date;
it does not identify whether they are intrinsic or partly accumulated under the preceding market
regime.

Innovation outcomes are conditionally independent across suppliers and directions. For an
active set of firms, the probability of a joint outcome £ is

Prg|x) =] [ Owlzin)¥* 1 —Ola)] " (33)
Jj ke{l,D}

If the rival does not enter, xz; = zrp = 0 and its innovation outcomes are excluded from the
joint state.
Conditional on successful innovation, technological advancement is

Aj1 =0 (&1 +vpéip) >0, vp>1 (34)

The parameter ¢ is the size of an incremental technological step, while vp measures the size
of a disruptive step relative to an incremental step. Quality and production efficiency evolve
according to

31 = gjo exp(Aj1), (35)
Ajl = Aj() eXp(Ajl). (36)

Thus, no success leaves (g;1, A;1) at their inherited values; incremental success raises both
by exp(d); disruptive success raises both by exp(ypd); and success in both directions raises both

by exp[(1 +vp)d[}
2.7 Firms’ Optimization Problems
2.7.1 State-Contingent Production

After innovation outcomes are realized, each active supplier chooses output and production
labor. In period-1 state &, supplier j solves

(€)=, max  {PYj —wili}, (37)

subject to
Yii < Aj(§)Lj, (38)
Yi1 < dji(§; k1) +mj1(§; k1) (39)

Because digital prices are predetermined, I restrict attention to equilibria in which every
supplier included in the active choice set is operationally viable:

w1 (§)
Aji(€)

"The equal proportional effect on consumer-facing quality g;t and production efficiency Aj;t is a baseline

P> (40)

restriction.

13



Under this condition, operating profit increases in output, so the supplier serves all household
and intermediate demand. As such, both the production and sales constraints bind.

Yj1(€) = dj1 (& k1) + mji (& k1), (41)
, _dj (& k1) +myi (€ k1)

Lj(§) =~ jl(E)] : (42)

(6 = | P~ | ) + (). (13

Demand, wages, and profits are equilibrium objects. Innovation affects profits through two
channels: quality changes household and intermediate demand, while productivity changes the
labor cost of serving that demand.

2.7.2 The Platform’s Problem

Following the entry decision, the platform and the active rival choose innovation simultane-
ously. The dominant platform chooses innovation before uncertainty is resolved and labor after

innovation outcomes are observed. Its problem is

Vp(k1,er) = max_q —Cp(zp)+ B> Pr(&|z)mpi(€) o, (44)

zpr,xpp=>0 !

taking the challenger’s innovation strategy and the aggregate environment as given. Aggregate
wages, income, demand, and profits must subsequently be consistent with the equilibrium allo-
cations described below. Period-0 operating profit is omitted because transition investment does
not alter inherited technology and is evaluated conditional on the inherited period-0 operating
environment.

2.7.3 The Rival’s Entry and Innovation Problem

A previously inactive challenger decides whether to enter before choosing innovation. Condi-
tional on entry, it anticipates the equilibrium platform strategy and state-contingent general-
equilibrium profits. Define its optimized continuation value before paying the fixed entry cost
as

Vr(k1,Ho) = max_ ¢ —Cr(wr) + 8 Pr(&|z)mp(€) o - (45)

ZRr1,2RrRD>0 ¢
Its net value of entry is
VR(IQl,/Ho) = —FR—FVR(EL/H()), (46)

ant its entry rule is

1, if VR(Hl,H()) Z O,
(k1) = (47)
0, if Vr(k1,Ho) <O.

When Vi(k, Hp) is continuous and increasing in k, define the commercial-entry threshold as
wE(Ho) = inf {k € [0,1] : Vr(k, Ho) > 0}. (48)
If the threshold lies in the interior of [0, 1], continuity implies

V(s Ho) = Fr. (49)
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If the set in equation (48]) is empty, no feasible level of current effective access supports
entry from the inherited state. The sufficient conditions for monotonicity and the comparative
statics of k¥ are developed in Section

2.7.4 Innovation Probabilities and Expected Profits

For either active supplier and innovation direction k € {I, D}, define the state-contingent gain
from success as

Aﬂjk(ffjm K1) = ;1 (fjk = 1a£7jk;’{1) - 77;1 (‘fjk = ngfjm Hl) ) (50)

where §_j;. collects all innovation outcomes other than ;.
For an interior innovation choice, the first-order condition is

1= B0 (zjn)Ee_,, [Amin(€_jim1)] (51)

where
O (xjx) = nGja5, exp(—nCiana;r) - (52)
The left-hand side is the marginal resource cost of investment. The right-hand side is the
marginal increase in the probability of success multiplied by the expected increase in total

operating profit generated by that success.
A corner solution x;; = 0 arises when

BnciaiBe_, [Amin(€_j;m1)] < 1. (53)

There are no separate “incremental profits” or “disruptive profits”; each innovation direction
changes the probability distribution over the firm’s total equilibrium operating profit. Equa-
tion provides the basis for the innovation-threshold result derived in Section

2.8 General Equilibrium

The equilibrium combines strategic entry and innovation decisions with state-contingent general-
equilibrium allocations. Conditional on an aggregate environment, firms choose entry and in-
novation. These choices determine innovation probabilities and, after outcomes are realized,
qualities, productivities, labor demand, profits, household income, and production. The aggre-
gate variables used in firms’ optimization problems must in turn coincide with those generated
by household optimization, firm production, and market clearingﬁ

For a given inherited state Sy and level of period-1 effective contestability 1, an equilibrium
consists of

{eh @b, @h 45 A1) ez |

where A is the period-0 allocation and A} (§) is the period-1 allocation conditional on innovation
outcome &.
These objects satisfy the following conditions.

8Thus, equilibrium is a fixed point between strategic behavior and aggregate market conditions. For exposition,
I distinguish a strategic block from an aggregate-consistency block. This distinction describes the equilibrium
conditions and the numerical solution method; it does not introduce an additional stage into the economic timing.
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1. Entry and innovation optimality. Conditional on e} = 1, the innovation choices
(zp, TF) are mutual best responses and solve the platform and rival problems in equations

and . If e, = 0, then

xp =0, (54)

and the platform solves its innovation problem without an active rival.
The entry decision satisfies equation . In particular, the rival enters if and only if its
discounted expected operating profit covers its fixed entry and innovation costs:

PEo [TR1] = Fr + Cr(ZR)- (55)

2. Innovation outcomes and technological transitions. The probability of each joint
innovation outcome is given by equation . For every £ € Z(e}), period-1 quality and
productivity satisfy equations (35| and .

3. Household optimality. In period 0 and every period-1 innovation state, household con-
sumption satisfies equations f. Household income incorporates foreign ownership and
the period-0 resource costs of entry and innovation.

4. Firm optimality. In period 0 and every period-1 state, the competitive non-digital firm
satisfies equations f. Every active digital supplier satisfies the production problem
and operational-viability condition in equations 7. If the rival is inactive, all of its
consumption, intermediate-input, production, labor, and profit variables equal zero.

5. Labor market clearing. Labor-market clearing requires

Lyo+ Lpo=L (56)
in period 0 and

Ly1(§) + Lpi1(§) + Lri(§) = L (57)

for every £ € Z(e},) in period 1.

6. Digital-service market clearing. Digital-service markets are clear according to equa-
tion for every active supplier.

7. Non-digital resource feasibility. Foreign owners of the platform receive the fraction ¢
of the dominant platform’s net profit. Foreign remittances are

T = ¢ [rpo — Cplap))], (58)
T (&) = ¢mp1(€). (59)

The period-0 non-digital resource constraint is

Yno = Co + Cp(xp)
+ 6}} [FR + CR(:I:})] + T(f‘.
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For every period-1 innovation state,

Yini(€) = Ci(&) + T{ (§). (61)

8. Aggregate consistency. The wages, household income, demands, production, and oper-
ating profits that firms take as the aggregate environment when evaluating entry and innovation
must equal those generated by Aj and Aj(€). This condition closes the feedback from aggregate
conditions to firms’ strategies and from firms’ collective strategies to the aggregate economy.

2.8.1 Equilibrium Existence and Uniqueness

Appendix [A] establishes existence under three sufficient conditions. First, every active digital
supplier has a strictly positive unit operating surplus in every relevant production state. Second,
period-0 entry and innovation expenditures satisfy transition feasibility. Third, each firm’s
expected innovation payoff is continuous in both firms’ strategies and quasi-concave in its own
innovation choices over the payoff-relevant strategy set.

Under these conditions, a general equilibrium with endogenous rival entry and strategic
innovation exists. Conditional on the market structure, firms’ innovation choices, and the real-
ized innovation state, the within-period general-equilibrium allocation is unique. The strategic
equilibrium need not be unique because multiplicity may arise from the discrete entry decision
or from the strategic innovation subgame. Appendix [A] provides the formal result and proof.

3 Economic Mechanisms and Model Implications

This section derives the economic implications of the model before imposing a particular cali-
bration. The model delivers two kinds of results. First, the demand system yields direct impli-
cations for rival commercialization and quality-adjusted digital prices, conditional on entry and
a given price—quality state. Second, the strategic model generates thresholds for commercially
viable entry and challenger innovation under transparent regularity conditions on equilibrium
values and marginal returns. Separating these results clarifies which conclusions follow directly
from the model’s structure and which depend on the inherited competitive state and the quan-
titative discipline imposed later.

Throughout this section, x denotes period-1 effective market access, with the time subscript
suppressed. The inherited non-access conditions are summarized by Hg. Because the continu-
ation innovation game may admit multiple equilibria, the threshold results either assume that
the continuation equilibrium is unique or refer to a fixed continuous equilibrium selection. All
value functions and marginal returns below are understood with respect to that selection.

The results are conditional on Hy. They do not assume that the inherited state developed
independently of earlier market-access conditions. In particular, inherited differences in quality,
productivity, networks, data, reputation, or innovation capacity may partly reflect the legacy
of the earlier market regime.

3.1 Effective Market Access and Rival Commercialization

Consider a period-1 innovation state £ in which the challenger is active. Define the state-

_ (pr(&)\"

contingent relative-demand term
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Using equation @, the challenger’s share of total digital expenditure can be written as

KkQ(E)
sr(k; &) = ———. 63
R(K:€) = 77 KQ(€) (63)
The term (&) summarizes the challenger’s relative price—quality position in the realized state.

It is held fixed in the direct comparative statics below.

Proposition 1 (Effective market access and commercialization). Fiz an innovation state &
and suppose that the challenger is active. Holding the suppliers’ quality-adjusted prices fixed,
the challenger’s digital-expenditure share is increasing and concave in effective market access:

Osr Q

o = e > O (64)
0?%sp 202

oz~ (e " (65)

For k > 0, the elasticity of the challenger’s expenditure share with respect to effective market

access 18

Olog sr
—1— 66
dlog K St (66)
and the challenger’s expenditure-share odds satisfy
SR
= kL.
—sn K (67)
At the full market access, k =1,
Q(8)
FA
= ) 68

Thus, full access does not generally imply equal market shares.

Proof. The results follow by differentiating equation . Equation follows by rearrange-
ment, and equation follows by setting k = 1. O

[Symmetric price-quality benchmark] If the platform and challenger have the same quality-
adjusted price in a given state, so that pr = pp and Q = 1, then

sr(k)

K
I

(69)

The full-access benchmark then produces a fifty—fifty expenditure split. If the rival has a higher
quality-adjusted price than the platform, its full market access share is below one-half; if it has
a lower quality-adjusted price, its full-access share is above one-half. Figure [I] illustrates this
idea.

Proposition [I] distinguishes removal of the modeled access disadvantage from removal of all
competitive asymmetries. The benchmark x = 1 equalizes the firms’ market-access weights. It
does not equalize prices, qualities, productivities, networks, data, reputation, or other compo-
nents of the inherited competitive state. Nor does it impose homogeneous-product Bertrand
competition.

The share-odds relationship also gives a useful accounting decomposition. For an observed
pair (R, sg) with & > 0, the model-implied relative-demand term is

0= ﬁ(1S—RsR) (70)
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Figure 1: Market Share of the Rivals

Holding that price—quality state fixed, the direct commercialization effect of moving to an

alternative access level &' is
,_
dir KSR

' k,5R) = . 1
s (K'; R, SR) R —5n) + on (71)

This is a within-model accounting relationship, not a causal decomposition of the challenger’s ob-
served market position. The residual term 2 may reflect contemporaneous product or preference
differences, but it may also reflect scale, network, data, reputation, and product-development
gaps accumulated under the preceding market regime. The model does not identify those his-
torical components separately. In the full equilibrium, innovation responses may also change
relative quality-adjusted prices, so equation isolates the direct market access channel from
the comprehensive response.

3.2 Commercial Viability and the Entry Threshold

Proposition [I] shows that, conditional on rival activity and a fixed price—quality state, greater
effective market access increases the share of digital expenditure allocated to the rival. This
direct commercialization effect does not imply that the rival will enter. Entry requires the value
of the commercial opportunity created by market access to cover both the fixed cost of entry
and any optimally chosen innovation expenditure.
Let
VE (55Ho) = Vr(k;Ho) — Fr (72)

denote the challenger’s equilibrium net value of entry, The continuation value Vg(k;Ho) incor-
porates the challenger’s optimal innovation choices and its expected state-contingent general-
equilibrium operating profits conditional on entry.

Because the continuation innovation game may admit multiple equilibria, I fix an equilibrium
selection when evaluating VE (k; Ho).
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Single-threshold entry-support condition. Define the set of effective-market-access states
under which entry is privately viable:

KE(Ho) = {k € [ro,1] : VE(k; Ho) > 0}. (73)

Suppose that Vf;: (k;Ho) is continuous and that ¥ (Ho) is either empty or an upper interval
of [ko,1]. Equivalently, once entry becomes commercially viable, it remains viable at every
higher level of effective market access![”]

The direct demand effect established in Proposition (1| provides one force supporting this
property: holding the price—quality state fixed, greater effective market access increases the
challenger’s expenditure share. It does not establish the single-threshold condition by itself. In
the full model, effective market access also changes total digital expenditure, equilibrium wages,
operating margins, and firms’ innovation choices. The entry-support condition is restriction on
the overall equilibrium response. It holds analytically in the transparent benchmark below and
is evaluated numerically in the quantitative application.

Proposition 2 (Commercial-entry threshold). Suppose that the net entry value is continuous
and satisfies the single-threshold entry-support condition. Suppose also that the inherited market
is consistent with non-entry:

VE (ko; Ho) < 0. (74)
Then exactly one of the following cases applies:

1. Entry is not viable at any feasible access level.
If
Vi (1;Ho) <0, (75)
then
ICE(H()) =J.

FEven the full market access benchmark cannot generate sufficient commercial value to
cover the fixed entry cost from the inherited state.

2. A unique commercial-entry threshold exists.

If
VE (1;H0) > 0, (76)

then there exists a unique threshold k¥ € (kg, 1] such that
KF (Ho) = [£7,1],

and

VE(kF;Ho) = 0. (77)

Under the convention that the challenger enters when indifferent, its equilibrium entry
decision is
0, k<rP,

W=y (78)
, K> K"

9This condition is weaker than requiring the net entry value to be strictly increasing over the entire access
range. The entry value may flatten or decline over some range after entry becomes viable, provided that it does
not fall below zero again. The condition is sufficient to represent the entry decision using a single cutoff.

20



The minimum improvement in realized effective market access required to induce entry

from the inherited state is
ArP = kP — k. (79)

Proof. If Vg (1;Hp) < 0, the entry-support set cannot be nonempty. If it contained some
k < 1, the upper-set condition would imply that 1 € X¥(#,), contradicting equation . If
VE(1;Ho) > 0, then 1 € KP(Hp), so the entry-support set is nonempty.

Define k¥ = inf ¥ (Hy). Continuity of the net entry value implies that X¥(Hy) is closed,
so k¥ € K¥(Hp). The inherited non-entry condition and continuity imply that £ > k. The
upper-set condition then gives KF(Hg) = [/@E ,1]. For every k < kP, the net entry value is
negative, whereas it is nonnegative at x”. Continuity implies V}%:(KE ;Ho) = 0. The entry rule
follows from the definition of the entry-support set and the entry-at-indifference convention. [J

Proposition [2] connects the direct commercialization mechanism to the rival’s entry decision.
Proposition [I| describes how market access affects the rival’s expenditure share conditional on
being active. Proposition 2| determines whether the commercial opportunity is valuable enough
for the rival to become active in the first place.

E improved effective market access may increase the sales that the rival could obtain

Below &
if it entered, but that latent commercial opportunity remains insufficient to cover the fixed entry
cost. The challenger, therefore, remains outside the market, and its realized expenditure share
is zero. At kP, entry becomes privately viable. The challenger’s observed market presence
consequently changes discontinuously at the threshold, even though its expenditure share varies
smoothly with & conditional on entry. Above x, further improvements in effective market
access continue to expand the commercial scale of an active challenger.

The proposition also shows why the magnitude of a market-access improvement cannot be
evaluated independently of the market’s starting position. A large increase from a very low kg

E may induce entry.

may leave the market below ¥, while a small increase from just below x
What matters is whether the realized post-intervention state crosses the threshold, not merely
the size of the change in isolation.

The threshold is itself conditional on the inherited competitive conditions Hy and the model’s
structural primitives. Fixed entry costs, market size, the challenger’s inherited relative-demand
position, productivity, and innovation opportunities all affect the value of entry. These inherited
conditions should not be interpreted as necessarily intrinsic to the challenger or independent of
previous contestability. They may partly reflect scale, network, data, reputation, and product-
development opportunities accumulated under the preceding market regime.

The first case in Proposition [2|is economically substantive. Removing the entire contempo-
raneous market-access disadvantage represented by k need not induce entry if the continuation
value generated from the inherited state remains below the fixed entry cost. Full market access
and commercially viable entry are distinct concepts.

Finally, Ax” measures the required improvement in the realized effective-market-access state,
conditional on the inherited competitive state. It does not measure the legal strictness, enforce-
ment expenditure, or number of regulatory obligations required to produce that improvement.
The model does not specify a policy technology mapping legal or enforcement choices into .

[Local comparative statics of the entry threshold] Suppose that ¥ € (g, 1) is an interior
threshold, that the net entry value is differentiable in a neighborhood of k¥, and that the
threshold is a regular crossing;:

Vi
Ok B

K=K

> 0. (80)
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Then the threshold is increasing in the fixed entry cost:
kP 1
= —= >0
OFr  0Vg/0k

For any inherited condition or structural parameter h that raises the challenger’s continua-

(81)

tion value locally,
OVr
0 82
o >0 (82)
the threshold satisfies 5 o
On” _ OVR/Oh _ (83)
Oh 8VR/8/€

Proof. The results follow from the implicit-function theorem applied to

VR(RE; 7‘[0) — FR =0. (84)
O

The corollary gives local comparative statics around a threshold. It does not assert that
the equilibrium entry value is globally monotone under every parameterization. A higher fixed
cost raises the amount of effective market access required for entry. Conversely, any inherited
condition or structural parameter that raises the challenger’s continuation value lowers the
required access threshold. The economic source of that change must be interpreted through the
relevant parameter rather than treated as a generic measure of challenger merit or effort.

A transparent benchmark. The threshold mechanism and the entry-support condition can
be seen directly in a simplified environment. Hold innovation choices, total digital expenditure,
and the challenger’s operating profit share fixed. Let EP > 0 denote total digital expenditure
and let

vp=1 >0 (85)

w
PrAR
be the challenger’s operating-profit share of revenue. The net value of entry is then

FE bench . D kS N
Vi (k) = pvrE Ty Fg. (86)
In this benchmark,
avg,bench b 0O
—_ . — .
Ep Brr 1+ r2)? >0 (87)

The entry value is therefore strictly increasing, and the entry-support set necessarily has
the upper-interval structure imposed above.
Entry is viable for some k < 1 if and only if

LU

Fr < BugrEP .
R < Bvr 1o (88)
When this condition holds, the benchmark threshold is
F
KE',bench — R (89)

Q(BvrEP — FRr)

The closed-form expression makes the mechanism transparent. The threshold rises with the
fixed entry cost and falls with total market expenditure, the challenger’s operating profitability,
and its inherited relative-demand position. If equation fails, even the full market access
benchmark does not create a sufficiently valuable commercial base to cover the fixed entry cost
in the simplified environment.
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3.3 Commercial Scale and the Rival-Innovation Threshold

Entry does not imply that the rival has enough commercial scale to invest in innovation. For
innovation direction k € {I, D}, define

as the rival’s marginal innovation productivity at zero investmentm
Let
My (k3 Ho) = Ee_, [Amre(E_gr; )] (91)

be the rival’s expected increase in period-1 operating profit generated by successful innovation
in direction k, evaluated at zgr = 0 and along the selected continuation equilibrium for the
remaining innovation choices. The net marginal return to initiating innovation is

Gri(k; Ho) = BxreMrr(k; Ho) — 1. (92)

Under concavity of the challenger’s payoff in x gy, the optimal investment is zero when Ggi < 0
and positive when Ggi > 0.

Scale-return. Suppose that, conditional on entry, Mpgy(k;Ho) is continuous and strictly
increasing in effective market access k. Economically, this condition requires the expansion
of the commercial base to increase the profit gain generated by a successful innovation after
accounting for equilibrium wage, demand, and strategic responses.

Proposition 3 (Rival innovation threshold and access—capacity complementarity). Suppose
scale-return holds for innovation direction k.

1. If Gri(k®) > 0, innovation in direction k becomes profitable as soon as the rival enters.

In this case, set /ﬁi = kP,

2. If Gri(kP) < 0 < Gre(1), there exists a unique innovation threshold ki € [KE, 1) satisfying

BXrrM g (s Ho) = 1. (93)
The rival chooses w7, = 0 below the threshold and x%;, > 0 above it.

3. If Gri(1) <0, no feasible level of effective market access makes innovation in direction k
privately profitable from the inherited state. In this case, write /{i = +00.

For an interior threshold, greater marginal innovation capacity lowers the effective market
access required to activate innovation:

I I
Ory . _Marlsi) (94)
OX Rk XrReM (K1)

Moreover, the marginal return to innovation exhibits complementarity between effective mar-

ket access and innovation capacity:
0? ,

O O [BX reM RE(K)] = BME(k) > 0. (95)

Proof. Under scale-return assumption, Ggy is continuous and strictly increasing in x. The
three cases follow from its sign at x¥ and at 1, together with the innovation corner condition.
Equation follows by differentiating equation . Equation follows directly from the

definition of the marginal return. O

1071 the baseline success technology, xrx = nark; if a challenger-specific efficiency shifter is included, xrx =
NCRARK-
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Three rival-entry and innovation regimes. Let

k! = min mi

ke{I,D}
denote the first effective market access level at which at least one direction of rival innovation
becomes privately viable. When

kP < k! <1,
the model divides the effective-market-access interval into three regimes:

Regime I: No rival entry 0<k<r?,
Regime II: Rival entry without rival innovation kP <k <k,

Regime III: Rival entry with rival innovation Kl <k <1.

In Regime I, the commercial opportunity available to the rival is insufficient to cover the
fixed entry cost. In Regime II, entry is commercially viable, but the resulting sales base is not
large enough to make rival innovation privately profitable. In Regime III, the rival both enters
and invests in at least one direction of innovation.

More specifically, at x = x, the maintained tie-breaking rule selects entry. At an interior
x! satisfying a zero net marginal return, the rival remains at the innovation corner and invests
strictly positively immediately above the threshold. If k! = k%, entry and innovation are
activated together. If k! = 400, removing the entire modeled market-access disadvantage is
insufficient to activate rival innovation from the inherited state.

These results make the effect of an access improvement state-dependent. The same change
Ak may leave the market below the entry threshold, cross the entry threshold without crossing
the innovation threshold, or activate challenger innovation. The relevant outcome depends on
the market’s initial distance from the two thresholds, not only on the absolute size of the access
change.

The parameter xgr and the other components of Hy describe capacities inherited at the
transition. Proposition |3| does not imply that these capacities are intrinsic to the challenger
or independent of earlier market closure. Restricted historical access may itself have limited
scale, learning, data accumulation, and product development. The proposition establishes how
current access and inherited capacity interact, conditional on that history.

Entry without
challenger innovation

Entry and challenger

No entry innovation

Effective market access, k

Figure 2: Different Regimes of the Model
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3.4 Platform Innovation: Business Stealing and Market Expansion

Greater effective market access directly shifts expenditure toward the rival but it may also
change the size of the digital market. Let total digital expenditure in a given state be
EP (k) = SH(k)I(K) + YN (k). (96)

Because households and the non-digital producer use the same within-digital aggregator, plat-
form and challenger revenues are

Rp(k) = [1 = sr(r)] EP(r),  Rg(k) = sr(r)E” (k). (97)
Holding the realized relative price—quality state fixed, Proposition [1| implies
Olog[l — sg]
I — _ 98
Olog sr
—1— 99
Olog k SR (99)
Therefore,
OlogRp dlog EP
_ _ 100
dlogk dlogk oh ’ (100)
business-stealing effect
market-size effect
dlogRr  Olog EP
= 1-— . 101
dlog k dlog Kk + (1= sn) (101)

The sign of the platform’s revenue response depends on whether the equilibrium market-size
effect offsets the direct loss of expenditure share.
For innovation direction k, let

Mpk(l-@) = Eﬁ,pk [A?Tpk(gfpk; Ii)] (102)

be the platform’s expected operating-profit gain from a successful innovation. Let ypp =
'51.(0). Conditional on the opponent’s strategy and the platform’s other innovation choice, the
exponential success technology implies the best response
N 1
xpp (k) = max < 0, — log [BxprMpr(K)] ¢ - (103)
XPk
Proposition 4 (Ambiguous platform-innovation response). Conditional on an interior best
response, the platform’s innovation in direction k increases with effective market access if and
only if effective market access raises the expected profit gain from a successful innovation:

sign Lx};k = sign LMPk
& or ) 8 Ok '

The model does not impose an unconditional sign on this derivative. Greater effective mar-

(104)

ket access weakens the platform’s appropriability through business stealing, but it may expand
aggregate digital demand, change production costs and wages, and alter the challenger’s inno-
vation strateqy. The platform’s equilibrium innovation may therefore rise or fall with effective
market access.
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Proof. When the best response is interior, differentiating equation (103]) gives

O, 1 OIMpi(k)
_ ‘ 105
Ok ka./\/l Pk (Ii) ok ( )

The remaining statement follows because the components of M pg need not move in the same
direction as k. ]

Platform profit and platform innovation need not move together. Profit is a level outcome,
whereas innovation depends on the profit difference between success and failure. Greater market
access can reduce the platform’s total profit while increasing the incremental value of improving
quality or productivity over a larger digital market. The quantitative application determines
which force dominates in the calibrated market.

3.5 Digital Prices, Downstream Propagation, and Welfare

The demand system produces a direct price-index effect even when the rival remains small.
Conditional on challenger activity and a fixed price—quality state,

1
Pp(k) = [p};"D +rpl P | TP (106)

Proposition 5 (Direct price and downstream-propagation effects). Fix an innovation state in
which the challenger is active and hold quality-adjusted supplier prices fized. For k > 0:

1. Effective market access lowers the quality-adjusted digital price index:

aIOgPD SR
= . 1
Olog k op—1 <0 (107)

2. Effective market access lowers the household consumption price index:

dlog P s
gosrXx _ _gH SR _ (108)
dlogk op—1
3. If the competitive non-digital sector is active, its unit-cost condition implies

L

w=(1—-)BT <PLD> o (109)

and hence
dlogw ¢ SR

= . 11
dlog k 1—LO’D—1>0 (110)

Proof. Differentiating equation (106) gives equation (107)). From the upper-tier CES price
index, dlog Py /0log Pp = SH, which yields equation (108). Equation (T09) follows from the
non-digital producer’s zero-profit unit-cost condition; combining it with equation (107]) gives

equation ((110]). O

Holding household income fixed, the direct effect on real consumption is

Olog X i SR
=57 ——>0. 111
Ologk |; op—1 (111)

The wage response in Proposition [5] shows how a change in the digital bottleneck can propagate
beyond direct household digital spending: lower quality-adjusted digital-input costs raise the
marginal product of labor in non-digital production.
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The proposition does not establish that total expected welfare must increase for every pa-
rameterization. Effective market access also changes platform and challenger profits, foreign
remittances, entry and innovation expenditures, endogenous innovation probabilities, and the
allocation of labor. Period-0 entry and innovation costs can offset part of the period-1 price
and productivity gains. The sign and magnitude of the complete welfare effect are therefore
quantitative general-equilibrium questions.

3.6 Summary of the Theoretical Mechanism

The model separates five steps that are often treated as a single competition response. First,
effective market access expands the demand that a rival can commercialize conditional on entry.
Second, entry occurs only when the value of that commercial opportunity crosses the fixed-cost
threshold x¥. Third, rival innovation requires a further scale-adjusted return and may therefore
begin only at a second threshold x!. Fourth, the platform’s innovation response is ambiguous
because business stealing and market expansion affect its marginal innovation return in opposite
directions. Fifth, changes in the quality-adjusted digital price propagate to the broader economy
through household consumption and the use of digital services in non-digital production.

These implications are conditional on the inherited competitive state. A persistent im-
provement in market access could, over a longer horizon, alter that state by changing user scale,
network formation, data accumulation, reputation, and repeated innovation. The two-period
model does not specify that recursive process. Its purpose is instead to characterize the transi-
tion from an inherited platform-only market and to identify the market-access conditions under
which entry and one round of challenger innovation become privately viable.

The quantitative application in the following section uses these theoretical objects in three
ways. It measures the inherited and post-intervention access states, locates them relative to
xE and k!, and quantifies the general-equilibrium commercialization, innovation, and welfare
effects that cannot be signed from the analytical results alone.

4 Quantitative Application: Mobile App Distribution in the
European Union

The theoretical analysis leaves three questions to the quantitative application. First, where
do the inherited and observed market-access states lie relative to the commercial-entry and
rival-innovation thresholds? Second, how much commercialization and innovation result from
moving across alternative effective-market-access states? Third, how do those market-level
changes propagate through digital prices, production, income, profits, and household welfare?

I study these questions in mobile app distribution on Apple devices in the European Union.
The application does not treat the DMA as a policy concerned only with market access. The
DMA pursues the broader objectives of contestability and fairness through multiple obligations.
App distribution is useful here because one important part of that broader regime—the opening
and practical usability of alternative distribution channels—maps particularly closely into the
market-access mechanism isolated by the model.

4.1 Why Mobile App Distribution?

Before the implementation of the DMA, Apple’s App Store was the only generally available
channel through which developers could distribute native applications to those users of Apple
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devices, apart from limited enterprise and testing exceptions. This narrowly defined inherited
market maps naturally into the model’s maintained initial condition: the platform is active,
while a potential challenger is not yet commercially active.

The platform in the model corresponds to the incumbent app-distribution channel. The
rival represents a potential alternative marketplace or distribution provider. Because several
alternative marketplaces entered after the opening, the modeled challenger should be interpreted
as a representative alternative distribution channel rather than as a literal description of one
named firm. Effective market access captures the practical ability of such a channel to reach
iOS users and convert potential interest into completed adoption and expenditure.

The application is also useful because app distribution is an upstream gateway to economic
activity beyond direct purchases from an app store. Burley and Fradkin (2025) estimate that
physical goods and services accounted for $1.014 trillion, or 78 percent, of the billings and sales
facilitated by the global App Store ecosystem in 2024. For Europe, they estimate $109 billion
in physical goods and services transactions out of $148 billion in total facilitated billings and
sales. These estimates are industry-supported and are used only as descriptive evidence that
app-mediated services connect to activity outside the narrowly measured digital sector. They
do not discipline the model’s digital-input share.

Finally, mobile app distribution provides comparatively rich information on the implemen-
tation of access obligations, alternative marketplace entry, user conversion, platform financial
performance, research and development, and market outcomes. Some important objects re-
main imperfectly observed—especially market-specific R&D and the strength of downstream
input linkages—so the exercise is a disciplined reference calibration rather than a statistically
estimated structural model.

4.2 From Formal Opening to Usable Market Access

Article 6(4) of the DMA requires designated gatekeepers to permit the installation and effec-
tive use of third-party applications and app stores (European Parliament and Council of the
European Union| [2022)). Apple subsequently introduced the technical frameworks required for
alternative 10S distribution in the European Union (Apple, 2024)). AltStore PAL, Aptoide,
the Epic Games Store, and Setapp Mobile entered following this opening. The change had a
real effect: distribution services that could not previously reach ordinary iOS users became
operational.

Formal availability did not place alternative channels on commercially equivalent terms. In
April 2025, the European Commission reached the preliminary view that Apple’s business terms,
eligibility conditions, and installation procedures discouraged the use of alternative distribution
channels (European Commission) [2025). Epic Games reports that, after Apple shortened the
installation procedure for an alternative marketplace from fifteen steps to six; the share of
interested users abandoning an attempted installation declined from approximately 65 percent
to 25 percent (Epic Games, 2025). The implied completion rate among users who had already
initiated installation increased from approximately 35 percent to 75 percent.

The Epic comparison is reported by an interested market participant and is not a controlled
estimate of the DMA’s aggregate effect. It nevertheless illustrates the behavior represented
by effective market access in the model: conditional on potential interest in a rival, practical
market access conditions determine how much of that demand can be realized.

Operational entry also did not guarantee continued commercial viability. Setapp Mobile
entered with a differentiated subscription-based marketplace but ceased operating in February
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2026. MacPaw attributed the decision to evolving and complex business terms that no longer fit
its business model (MacPaw) 2024} 2026|). The combination of new entry, continuing adoption
frictions, and subsequent exit by one entrant motivates the model’s distinction among formal
opening, usable market access, commercially viable entry, and sustained innovation.

4.3 Measuring Effective Market Access

The model uses x; as a reduced-form effective-market-access weight. To discipline this object,
the application draws on the companion effective-contestability framework in Cheng, Xu, and
Yakout (2026). That framework is broader than the single channel represented in the model.
It evaluates whether competitive opportunities are formally established and whether they can
be used in practice across four dimensions: user mobility and switching; challenger access and
distribution; platform conduct and neutrality; and data, interoperability, and ecosystem access.
Let #/ and &} denote the companion framework’s de jure and de facto scores. Its aggregate

effective-contestability score is
RS =®/RE. (112)

The multiplicative form treats formal coverage and practical usability as complements. The
full methodology, indicator definitions, source documentation, and validation exercises remain
in Appendix [C] and the companion paper.

For the quantitative application, I normalize the model’s effective market-access weight to
equal the measured effective-contestability score:

Kt = RE. (113)

This is a reduced-form empirical mapping, not a claim that every component of effective con-
testability operates only through contemporaneous user access. Some measured conditions may
also affect accumulated networks, data, reputation, complementary investment, or innovation
capacity. The baseline model conditions on those inherited effects through Hg rather than
deriving their history.

The index excludes entry, expenditure shares, revenue, profits, and innovation because these
are equilibrium outcomes the model seeks to explain. For example, an installation procedure
may inform the practical usability score, but the resulting installation or expenditure share does
not.

For EU app distribution on iOS, the inherited de jure and de facto scores are 0.18 and 0.08:

ko = 0.18 x 0.08 = 0.0144.

After DMA implementation, the formal obligations cover the access channels included in
the measure, producing a de jure score of one, while the measured de facto score is 0.47:

KPS = 1.00 x 0.47 = 0.47.

The post-DMA implementation de jure score of one means that the formal obligations cover
the channels included in the index. It does not mean that every aspect of app-distribution
competition is perfectly regulated. The de facto score records the substantial practical frictions
that remain.

The two measured values describe inherited and observed market states. They are not direct
policy choices. The counterfactuals below vary x; to compare equilibrium outcomes across
alternative effective market access environments; they do not estimate a response function from
particular legal obligations or enforcement expenditures to x1.
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Table 1: Effective-contestability scores and their market-access mapping

Market state k! ®F Model access weight ry
Inherited market 0.18 0.08 0.0144
Observed post-implementation market 1.00 0.47 0.4700

Notes: The first two columns come from the companion effective-contestability framework. Equa-
tion (113) maps their product into the model’s effective-market-access weight. The mapping is a nor-
malization for the quantitative exercise.

5 Calibration and Counterfactual Design

The theoretical results raise three quantitative questions. First, has the observed post-DMA
improvement in effective market access moved the market beyond the threshold for commercially
viable entry, and how close is the market to the higher threshold for rival innovation? Second,
if the remaining contemporaneous market access disadvantage were removed while challengers
retained the competitive position inherited at the time of reform, how much further would they
scale? Third, how would entry, innovation, market shares, and welfare change if those inherited
competitive gaps were narrower?

These questions matter because a small post-reform rival share does not have a single in-
terpretation. It may reflect remaining limits on current market access, but it may also reflect
inherited differences in quality, productivity, network reach, data, reputation, complementary
services, and prior opportunities to develop and scale. The model represents current market
access and inherited competitive conditions as separate objects, but it does not causally identify
the historical source of the inherited position.

The quantitative analysis begins by locating the observed market relative to the entry and
innovation thresholds. It then examines separately how outcomes change when current market
access improves and when the challenger’s inherited competitive position becomes stronger.

5.1 Periodization and Calibration Strategy

Period 0 is the pre-regulation equilibrium in 2023, and period 1 represents the post-regulation
market in 2025. I set the annual discount factor to 0.96, which implies

B =0.962 = 0.9216.

The calibration combines normalizations, empirically matched moments, and assigned pa-
rameters. Scale variables are normalized. Parameters with observable counterparts are chosen
to match those moments. Parameters that cannot be identified from app-distribution data—
especially substitution, the downstream digital-input share, inherited productivity differences,
and the composition of innovation—are assigned benchmark values and varied in sensitivity
analysis.

The resulting calibration should be interpreted as a transparent reference economy. Its role
is to locate the inherited and observed market states relative to the theoretical thresholds and
to quantify the general equilibrium channels that cannot be signed analytically.

5.2 Aggregate Demand, Production, and Ownership

Aggregate labor supply, the prices of the two digital services, inherited platform quality, and
the pre-regulation wage are normalized to one:

30



L =Pp=Pr=qpo=wp=1.

However, equal normalized prices do not imply that the digital services provided by the
platform and the rival have the same quality-adjusted price, since pjo = Pj/gjo.

The inherited household digital expenditure share is constructed from BEA Table 2.4.5U
(U.S. Bureau of Economic Analysis, 2026). I combine household expenditures on cable and
live television, cellular telephone services, internet access, and video and audio streaming and
rental. In 2023, these categories account for

SH = 0.021807.

This moment disciplines the size of the broad household digital-service bundle rather than
app-store revenue itself.

Because p is a CES distribution parameter rather than an expenditure share, it is calculated
from

H /o
lfﬂ E [1 fOSéqPBEI] . (114)

With o = 0.4 and Ppg = 1, this gives p = 7.4201 x 10~°. The small numerical value reflects
the CES parameterization and should not be interpreted as the digital expenditure share.

The benchmark sets ¢ = 0.4, allowing digital and non-digital consumption to be imper-
fect substitutes, and op = 4, reflecting greater substitutability between two available app-
distribution services than between the digital and non-digital bundles. Both elasticities are
assigned and varied in the sensitivity analysis.

The digital intermediate-input share is set to ¢ = 0.30. This deliberately high benchmark
combines a conventional labor share of approximately 0.70 with the model’s attribution of the
remaining input share to the digital composite. It should be interpreted as an upper-bound
benchmark for the contemporaneous downstream production channel, not as a direct estimate
for app distributionﬂ

Given Ppg = wg = 1, non-digital productivity follows from the unit-cost condition:

1—¢ L
B= ( wo > <Pm> — 1.8420.
1—1¢ L

The foreign ownership share of platform profit is set to ¢ = 0.85. Country-level portfolio

holdings reported in the U.S. Treasury benchmark survey motivate an approximate domestic
ownership share of 15 percent (U.S. Department of the Treasury, 2025). Because portfolio
ownership is an imperfect proxy for the incidence of platform profits, ¢ is treated as an assigned
distributional parameter.

1The ecosystem estimates mentioned in the section [4| are used to motivate the presence and quantitative
relevance of the downstream production linkage, rather than to calibrate ¢ directly. Sales facilitated through
apps are gross transaction values and therefore do not measure either expenditure on digital intermediate inputs
or the causal elasticity of non-digital output with respect to those inputs. I treat ¢ as an assigned sensitivity
parameter rather than an estimated parameter. Future work could replace this upper-bound benchmark with a
market-specific estimate constructed from input—output data.
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5.3 Inherited Production Conditions

The effective inherited platform operating margin is set to vpy = ().22{17] Using

j—
vpo =1 — )
PpApo
the normalization implies
1
Apg = ——— = 1.2821.
1—-vpo

I assign a modest inherited platform productivity advantage,

— =0.95, Apro = 1.2179

The platform-margin and relative-productivity assumptions are constrained partly by opera-
tional viability: lower values can make an active challenger unable to cover variable production
costs in some innovation states. Both are varied in the sensitivity analysis.

5.4 Effective Market Access, the Inherited Relative-Demand Position, and
Entry

With inherited and observed effective market access weights measured empirically, I target a 2
percent rival share of digital expenditure at the observed market access state:

sP5=0.020 at KPS =047

Inherited rival quality qrg is chosen so that expected period-1 challenger expenditure matches
this target, conditional on entry and equilibrium innovation. This gives

qro = 0.4244.

In the formal model, grg is the rival’s pre-innovation quality. In the quantitative appli-
cation, it should be interpreted more broadly as the parameter through which the calibration
matches the challenger’s inherited relative-demand position. It absorbs demand-side compet-
itive asymmetries not separately represented in the model, including possible differences in
product characteristics, networks, data, reputation, complements, user familiarity, and accu-
mulated product development. The calibration does not identify the historical sources of these
asymmetrieslr_gl

The market share identity from Proposition [1] helps interpret this calibration. At the ob-
served pair (k$", s‘}’%bs) = (0.47,0.02), the implied relative-demand term is

0.02
Qobs = =~ (.0434.
0.47(1 — 0.02)
Holding the realized price—quality position fixed, the rival’s market share at full market access
would be
( obs

12This is not a direct estimate of the App Store’s accounting margin. It is the smallest rounded benchmark
that preserves positive operating margins in every innovation state under the high-spillover specification and the
assumed rival productivity gap.

131n particular, a low calibrated gro is not evidence that the challenger’s inherited position is intrinsic, inde-
pendent of earlier market access, or attributable to insufficient effort.
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This accounting shows that removing the remaining modeled access disadvantage produces
a rival share near 4 percent in the benchmark quantitative equilibrium.

The fixed entry cost is disciplined by inherited non-entry and observed post-implementation
entry. Then we have

Vr(ko) < Fr < VR(k3™).

The identified interval is
Fp € [2.5538 x 107°,7.7713 x 107] .

I select its midpoint Fr = 4.0134 x 10~ for the benchmark. The resulting commercial-entry
threshold is a model outcome rather than a direct calibration target.

5.5 Innovation Technology

The common innovation efficiency parameter 7 is calibrated to the firm-wide R&D intensity
reported in Apple’s fiscal-year 2023 Form 10-K(Apple Inc.} 2023)@ Apple reports R&D expen-
diture of $29.915 billion and net sales of $383.285 billion:

R&D 29.915

sales 333085 078049,

I choose 7 so that platform innovation expenditure relative to expected platform digital rev-
enue matches the observed firm-wide R&D intensity in the inherited platform-only equilibrium.
In the calibrated model, platform R&D investment is hump-shaped in 7: greater innovation
efficiency initially raises the return to R&D and increases optimal expenditure, but beyond the
peak of the schedule, further efficiency gains reduce the expenditure required to attain high
innovation-success probabilities[%]

Consequently, the observed R&D-to-revenue target is matched by two values of the common

innovation-efficiency parameter:
n € {128.9466, 207.6854}.

The benchmark calibration uses the smaller solution, n = 128.9466, which lies on the locally
increasing branch of the R&D-intensity schedule. However, this choice is a branch-selection
convention rather than an empirical identification of the smaller root. I report the larger-root
economy as an alternative calibration to assess the sensitivity of the quantitative conclusions to
this multiplicity. An additional market-specific moment tied to innovation output, innovation-
success probabilities, or the productivity of R&D would be required to distinguish the two
branches empirically.
The benchmark sets

A=0.75 §=0.124, ~p=2.5.

14Because Apple does not report R&D separately for app distribution, the firm-wide ratio is a proxy rather
than a market-specific estimate.
15A one-direction benchmark illustrates the mechanism. Holding the expected operating-profit gain from

a successful innovation, A7w > 0, fixed, an interior innovation choice satisfies 1 = fnaexp(—nax)An. Opti-
log(Bnadm) iy, Da(n) _ 1-log(Bnad)
a ’ 0 a

mal expenditure is therefore z(n) = . Innovation expenditure rises when
log(BnaAm) < 1 and falls when log(SnaAn) > 1. Numerical evaluation of the full equilibrium confirms the same
non-monotonic pattern: the platform R&D-to-revenue ratio crosses the target with a positive local slope at the

smaller root and a negative local slope at the larger root.
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Table 2: Benchmark calibration

Block Parameter Value Discipline
Preferences B 0.9216  Assigned two-year discount factor
St 0.02181 2023 broad digital-expenditure target
m 7.4201 x 107°  Calculated from S
o 0.400  Assigned; sensitivity analysis
op 4.000 Assigned; sensitivity analysis
Production L 0.300 Upper-bound benchmark; sensitivity analysis
B 1.8420 Wage and unit-cost normalization
vpo 0.220  Operational-viability benchmark
Apg 1.2821 Calculated from vpq
Aro/Apo 0.950 Assigned; sensitivity analysis
Market state kg 0.0144 Measured inherited access state
K§Ps 0.470 Measured observed access state
SoPs 0.020 Observed challenger-share target
4Ro 0.4244  Matches inherited relative-demand position
10) 0.850 Ownership proxy; sensitivity analysis
Fr 4.0134 x 10~*  Midpoint of identified interval
Innovation n 128.9468 Smaller root matching Apple firm-wide R&D intensity
A 0.750  Assigned; sensitivity analysis
6 0.124  Assigned; sensitivity analysis
YD 2.500 Assigned; sensitivity analysis
(R 1.000 Benchmark inherited innovation efficiency

The comparative-advantage parameter gives the platform greater efficiency in incremental in-
novation and the challenger greater efficiency in disruptive innovation. An incremental success
improves quality and productivity by exp(0.124) — 1 = 13.2 percent. A disruptive success
improves them by exp(2.5 x 0.124) — 1 = 36.3 percent. These values capture the distinction
between incremental and more radical innovation emphasized in the innovation literature (Ace-
moglu and Cao|, 2015} |Akcigit and Kerr, |2018; |Caggesel, 2019; Klenow and Li, 2021). Their
exact magnitudes are assigned and varied in the sensitivity analysis.

The empirical benchmark normalizes challenger-specific innovation efficiency to (g = 1,
which imposes no additional firm-specific innovation-efficiency advantage. A separate exercise
sets (r = 2.5 to examine how greater inherited innovation capacity changes the innovation
threshold. In the sensitivity analysis, rival success probabilities are instead written as Ogry =
1—exp (—n¢ragrkTrE), and (g > 1. This extension allows the quantitative exercise to distinguish
between a lack of commercial scale and a lack of rival R&D productivity.

5.6 Calibration Summary and Numerical Discipline

Table [2| summarizes the benchmark parameters. The model matches the household digital-
expenditure share, platform R&D intensity, and observed challenger share to numerical preci-
sion. The selected entry cost satisfies inherited non-entry and observed post-implementation
entry. Across the simulated access grid, reported general-equilibrium residuals are below 4.5 x
10716, best-response errors are below 5.7 x 1079, and every active equilibrium state satisfies
operational viability and transition feasibility.
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5.7 Counterfactual Design and Welfare

The benchmark calibration is the reference economy for the quantitative analysis. It matches
the inherited no-entry and the observed post-DMA rival entry and market share. The main
counterfactual asks what improved effective market access can accomplish starting from that
inherited competitive state. I hold the inherited market environment Hj, the fixed entry cost,
and all innovation and general equilibrium parameters at their benchmark values and vary
only k1 over [kg,1]. Rival entry, both firms’ innovation choices, and all general-equilibrium
outcomes are re-solved at every value of k1. The benchmark market-access path contains the
three reference states in Table 3l

Table 3: Reference States on the Benchmark Market-Access Path

Reference state Effective market access Role in the analysis

No-improvement state K1 = Ko = 0.0144 Preserves inherited market access and pro-
vides the benchmark for entry, innovation, and
welfare comparisons.

Observed post-DMA state k1 = K:Cfbs =047 Locates the observed market relative to the
commercial-entry and rival-innovation thresh-
olds.

Full-access benchmark k1=1 Removes the contemporaneous market-access

disadvantage represented by ki1, conditional
on the inherited competitive state and the
adjustment mechanisms in the two-period
model.

Tracing the entire path identifies the commercial-entry threshold and any rival-innovation
threshold and shows how market shares, innovation, profits, and welfare evolve as current market
access improves. The full market access benchmark is a conditional transition outcome. It is
not a prediction of the long-run market structure that would emerge after repeated network
formation, data accumulation, complementary entry, reinvestment, and innovation.

Complementary rival paths. The benchmark access path holds inherited competition con-
ditions fixed and varies only the effective market access x1. As such, it cannot show how the
results would differ if rivals arrived at the transition with a stronger inherited position or a more
productive innovation technology. I use the two complementary structural exercises to study
those questions.

The first is the less-disadvantaged rival path, where the rival’s inherited quality and produc-
tivity gaps are progressively narrowed, while leaving all other benchmark parameters unchanged.

Define the benchmark inherited quality and productivity gaps as

G = qpo — afy, G4 = Apo— ARy,
For p € [0, 1], the path closes the common fraction p of each gap:
aro(p) = afo + PGP,

Aro(p) = AR + pGY.
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Equivalently,

qro(p) — apy

Aro(p) — ABy

qpro — q;’%o B

Apo — Ago

Thus, p is the fraction of each benchmark gap that is closedm

The second is the higher rival innovation-capacity path. It raises the rival-specific innovation-

efficiency multiplier from (r =1 to (g = 2.5. Because the purpose is to compare markets with

the same observed commercial foothold but different abilities to convert that foothold into

innovation, the inherited demand shifter and fixed entry cost are recalibrated to preserve the

observed 2 percent share, inherited non-entry, and observed entry.

Table 4| distinguishes what changes, what is recalibrated, and what remains fixed in the two

exercises.

Table 4: Complementary Rival Paths Relative to the Benchmark Calibration

Design feature

Less-Disadvantaged Rival Path

Higher Rival Innovation-Capacity
Path

Direct change

Recalibrated objects

Held at benchmark
values

Observed 2 percent
share

Equilibrium calcula-
tion

Question answered

qro and Agrg move from their bench-
mark values toward the platform’s val-
ues as p rises from zero to one.

None.

(r = 1, Fpg, all platform characteristics,
all other innovation parameters, pref-
erences, production parameters, posted
prices, kg, and K$PS.

Imposed only at p = 0 and allowed to
respond endogenously for p > 0.

The full market-access path is re-solved
for every pair (p, k1).

How do entry and innovation thresholds
and market structure change as inher-
ited quality and productivity gaps nar-
row?

Rival innovation efficiency rises from
€R =1to CR = 2.5.

qro is recalibrated to preserve the ob-
served 2 percent rival share. Fr is then
reselected from the interval consistent
with inherited non-entry and observed
entry.

All parameters other than (g, qrg, and
Fr. In particular, Agg, platform char-
acteristics, the common innovation pa-
rameter 7, preferences, production pa-
rameters, posted prices, and measured
access states are unchanged.

Preserved through the recalibration of

qRo-

After recalibration, the full market-
access path over k1 € [kg, 1] is re-solved.

Among markets with the same observed
foothold and entry pattern, how does
greater rival innovation capacity change
dynamic outcomes?

Notes: Superscript B denotes a benchmark-calibration value. The term “less disadvantaged” describes a

narrower inherited quality and productivity gap within the model. It does not identify the historical cause

of that gap.

For the cross-path comparisons in Subsection I use the less-disadvantaged economy

at p= pI,obs

= (0.2262, the point at which observed market access lies on the rival-innovation

boundary. Selecting this value turns the two-dimensional (p, k1) exercise into one market-access

16The exercise does not interpret p as a common percentage increase in the levels of quality and productivity.

36



path that can be compared directly with the benchmark and higher-capacity paths. The full
results of less-disadvantaged-rival economies are reported separately in the quantitative results.

Welfare measurement and decomposition. Welfare is measured relative to the no-improvement
equilibrium within each path. Let W;(x1) denote expected two-period household utility under
path j € {B, L, H}, where B denotes the benchmark, L the selected less-disadvantaged-rival
path, and H the higher-innovation-capacity path. The consumption-equivalent welfare change

is

ACEj(k1) = exp { Wj(ml) ; ;Vj(ﬁo) } -1 (115)

Thus, welfare comparisons along each path isolate the value of improving market access given
that path’s inherited state and calibration. In particular, the less-disadvantaged path does not
treat the change in p itself as a costless policy intervention.

To distinguish commercialization and associated general-equilibrium effects from endoge-
nous innovation, I also solve a fixed-innovation counterfactual within each path. Entry and all
general-equilibrium allocations respond to x1, but firms’ innovation expenditures remain fixed
at the no-improvement level for that path. Let ch(m) denote utility in that counterfactual.

Then
Wj(k1) — Wy(ko) = WE (k1) — Wj(ko)

commercialization and associated
general-equilibrium effect ( 11 6)

+ Wj(lil) — ch(lil)

endogenous innovation effect

The decomposition is additive in utility. The corresponding consumption-equivalent percentages
need not add exactly because the consumption-equivalent transformation is nonlinear.

6 Quantitative Results

The quantitative results follow the design in Section The benchmark path is the main
quantitative exercise. It varies only the effective market access k1, while holding the inherited
competitive state, the entry cost, and all preference, production, and innovation parameters at
their benchmark values. I first use that path to study commercial entry, commercialization,
and rival innovation. I then use the share equation to measure the accounting distance from
the observed market to a 50-50 market share reference. The next two subsections examine
how the entry and innovation thresholds change when the rival starts from a less disadvantaged
inherited position or the rival has greater innovation capacity. The final subsection compares
innovation and welfare across all three paths.

6.1 Benchmark Market-Access Path: Entry, Commercialization, and Inno-
vation

Along the benchmark economy path, only the effective market access k1 varies. Rival entry,
both firms’ innovation choices, and the full state-contingent general equilibrium are re-solved
at every value of k1.
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Commercial entry. The rival’s net entry value crosses zero at x” = 0.2342. Relative to
inherited effective market access, the minimum improvement required for entry is therefore

ArT =0.2342 — 0.0144 = 0.2198.

The observed post-regulation implementation state, /icl)bs = 0.47, lies well above this threshold.
The benchmark economy has therefore moved from Regime I, in which the rival does not enter,
into Regime II, in which entry is commercially viable but rival innovation remains inactive.

Figure |3| plots the actual, unnormalized net entry value. It is increasing over the reported
grid, crosses zero once, and remains positive thereafter. The benchmark numerical economy
therefore satisfies the single-threshold entry-support condition in Proposition [2}

1.2

Regime I Regime II

1.0 4 No rival entry :Rival entry without rival innovation

Rival net entry value (x1073)

|
|
—-0.2 A | = Benchmark market-access path
i === Zero net entry value
----- Entry threshold k&
—0.4 : — . Observed access kP = 0.47
0.0 012 014 016 018 1.0

Effective market access, kK

Figure 3: Benchmark net entry value and entry regimes. The horizontal dashed line marks
zero net entry value. The dotted vertical line marks the commercial-entry threshold, and the dash-dotted
line marks observed effective market access. The blue and light-orange backgrounds identify Regimes I
and II. Values on the vertical axis are expressed in 10~3 units of the numeraire.

Commercialization after entry. Entry changes discontinuously at s, whereas the rival’s
expenditure share changes continuously with market access conditional on entry. Below the
threshold, greater access raises the sales the rival could obtain if it entered, but the value of
that commercial opportunity remains insufficient to cover the fixed entry cost. At the threshold,
the realized rival market share jumps from zero to a positive level. Above it, further access
improvements expand the commercial scale of an active rival.
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Figure 4: Rival commercialization along the benchmark market-access path. Below
%%, the rival remains inactive, and its realized expenditure share is zero. At the threshold, entry becomes
viable, and the realized market share jumps to a positive level. Conditional on entry, rival share rises
continuously with effective market access, reaching 2 percent at observed access and 4.10 percent at full
access. The benchmark remains in Regime II after entry.

Table[Blsummarizes the market structure and rival innovation outcomes at the three reference
states. Platform innovation and aggregate outcomes are deferred to Subsection [6.5] where they
are compared across all three paths.

Table 5: Benchmark Market Structure and Rival Innovation at the Reference States

Outcome Inherited: kg = 0.0144 Observed: xk; = 0.47 Full access: k1 =1
Rival enters No Yes Yes
Rival regime I 11 1I
Rival expenditure share (%) 0.000 2.000 4.101
Digital price index 0.8107 0.8018 0.7927
Rival incremental investment 0.00000 0.00000 0.00000
Rival disruptive investment 0.00000 0.00000 0.00000
Incremental marginal benefit/cost - 0.043 0.086
Disruptive marginal benefit/cost - 0.485 0.949

Notes: Rival marginal-benefit-to-cost ratios are evaluated at zero investment, conditional on entry. A
ratio above one makes initiating the corresponding innovation investment privately profitable. Dashes
indicate that the rival is inactive.

The 4.10 percent market share at full market access is a conditional transition result. The
counterfactual removes the contemporaneous market-access disadvantage represented by k1 but
retains the inherited competitive position used to match the observed market and permits only
the one-round innovation response contained in the two-period model. It is not a prediction of
the long-run share that would emerge after repeated user acquisition, network formation, data
accumulation, and innovation.

39



The digital price index nevertheless falls by 1.10 percent at observed access and by 2.22
percent at full access relative to the no-improvement equilibrium. Clearly, even a relatively small
rival can lower the quality-adjusted price of digital services even when inherited competitive
conditions prevent a large market-share reallocation over the model’s horizon.

The reported magnitudes are full-equilibrium outcomes and also incorporate the platform’s
endogenous innovation response. The broader consequences of the lower digital price index for
household purchasing power, digital-input costs, wages, non-digital production, and welfare are
examined across all three counterfactual paths in Subsection 77.

Rival innovation: entry does not yet produce dynamic competition. The bench-
mark’s central rival innovation result is a corner solution. The rival enters and acquires positive
sales, but it invests in neither incremental nor disruptive innovation at any k1 € [ko, 1]. This
outcome is not a numerical failure. It means that the commercial scale generated by the bench-
mark path is insufficient to make rival innovation privately profitable.

To measure the distance from the innovation boundary, define the rival’s marginal benefit-
to-cost ratio at zero investment in direction k € {I, D}:

Rek(k) = BnapkBe ., [Amre(€_gpir)] -

Because the marginal resource cost of innovation is normalized to one, the rival begins investing
when Rpi(k) > 1 and remains at the zero boundary when Rpi(k) < 1.
At observed effective market access,

Rr1(0.47) = 0.043,  Rpp(0.47) = 0.485.

Thus, the marginal benefit of disruptive innovation covers about 48.5 percent of its marginal
cost, while the return to incremental innovation is much lower. At full market access,

Rrr(1) =0.086,  Rpp(l) = 0.949.

The disruptive return comes close to, but does not cross, the investment boundary. Incremental
innovation remains much farther away, consistent with the rival’s comparative advantage in
disruptive innovation and the larger technological step associated with disruption.

Figure [b| traces both marginal-benefit-to-cost ratios conditional on entry for each innovation
direction. Both ratios rise with access, but neither reaches one. The benchmark therefore moves
from Regime I to Regime II at ¥ and remains in Regime II through the full-access benchmark.
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Figure 5: Rival innovation incentives along the benchmark market-access path. The
two curves report the marginal benefit of initiating incremental and disruptive rival innovation, respec-
tively, divided by their common unit marginal cost. Each is evaluated at zero investment in its own
direction. The horizontal line at one is the innovation boundary. The disruptive return reaches 0.949 at
full access but does not cross the boundary, so Regime III is not reached.

This result is conditional on the inherited competitive state. It does not imply that the
rival’s limited ability to earn innovation returns is intrinsic or independent of earlier market clo-
sure. The inherited demand, productivity, network, data, reputation, and product-development
position may itself partly reflect the preceding access regime.

6.2 Accounting Distance from the Observed Market to the 50-50 Reference

The benchmark results raise a natural question. The rival receives 2 percent of digital ex-
penditure at observed effective market access and only about 4 percent when the remaining
contemporaneous access gap is removed. How far is the observed market from the 50-50 mar-
ket share reference, and how much of that accounting distance is represented by current market
access rather than the inherited relative-demand position? The share-odds relationship provides
an exact accounting answer:

SR
= k.
1—SR &

At the observed pair (k$, s%bs) = (0.47,0.02), the share-equivalent relative-demand term is

sos 0.02

Qobs — _
KPS (1 — s9P%)  0.47(0.98)

= 0.04342.

Holding this term fixed and setting x = 1 (full market access) gives

_0.04342
14 0.04342

or 4.16 percent. This direct accounting result is almost identical to the 4.10 percent market

sr(1) = 0.04161,

share generated by the benchmark equilibrium.
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To give the observed rival share an intuitive scale, consider a reference case in which the
platform and rival have the same quality-adjusted price, so that 2 = 1. Under this condition,
the rival’s expenditure share becomes equation sg(r) = {7, and the rival’s share reaches
one-half at full market access, k = 1.

I use this 50-50 endpoint as an accounting reference rather than as an alternative empirical
calibration, policy target, or prediction of the long-run market structureﬂ

The observed rival-platform market share ratio (rival-share odds) is % = 0.02041. However,
reaching 50-50 reference requires the rival-share odds to increase by a factor of m = 49.

Removing the remaining current market-access gap multiplies the odds by Holbs = 0—17 = 2.13,
o :

while closing the inherited relative-demand gap multiplies the odds by ﬁ = 23.03.
Equivalently, the total distance is additive in log odds:

gobs
—log (—R e ) = —log mcl’bs + —log Q°bs
1 — sk —— N .
~ ~ - current market-access component  inherited relative-demand component
total distance to the 50-50 reference
3.8918 = 0.7550 + 3.1368.

(117)

Thus, the remaining current market-access gap represents 19.4 percent of the total account-

ing distance in log-odds terms, while the inherited relative-demand term represents 80.6 percent.
Figure [0] visualizes this exact decomposition.

Observed market 50-50 reference at full access
2.00% rival share 50.0% rival share

Full market access only
4.16% rival share

Exact log-odds decomposition within the demand system; not a causal allocation of responsibility.

0“% 19.|4% 106%
Share of the total accounting distance to the 50-50 reference

Figure 6: Accounting decomposition of the observed rival-share gap. The total log-odds
distance from the observed 2 percent rival share to the 50-50 reference is normalized to 100 percent. The
remaining current market-access gap represents 19.4 percent and raises the implied share to 4.16 percent
when removed. The remaining 80.6 percent is represented by the inherited relative-demand term. This
is an accounting identity within the demand system, not a causal allocation of responsibility.

The decomposition does not imply that current access is already adequate or that the re-
maining gap is attributable to insufficient rival effort. The relative-demand component may
include contemporaneous product and preference differences, but it may also embody accumu-
lated differences in networks, scale, data, reputation, complementary services, user familiarity,

"More generally, equal expenditure shares require £ = 1. Equalizing quality-adjusted prices while retaining
observed access would imply a 31.97 percent rival share.
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and product-development opportunities. Some of those differences may themselves reflect the
earlier market-access regime. Nor is a 50-50 split necessary for effective or dynamic competi-
tion. The structural exercises below ask the more relevant question: how much must inherited
competitive conditions change before rival innovation becomes viable?

6.3 Less-Disadvantaged Rival Path

The benchmark rival remains in Regime II even at full access, but its marginal-benefit-to-cost
ratio for disruptive innovation reaches 0.949. This raises a natural question: how much stronger
would the rival’s inherited quality and productivity position need to be for Regime III to become
attainable?

As defined in Section

aro(p) = (1 — p)aby + paro = aby + p (aro — 45 »

Aro(p) = (1= p) ARy + pApo = Ay + p (Apo — AZ) -

By moving p from zero to one, we are closing inherited quality and productivity gaps, which
means qro and Agg change along this path. No other object is recalibrated. The observed 2
percent rival share is imposed only at p = 0 and is allowed to respond endogenously thereafter.

A higher grg strengthens the rival’s demand position at any given level of effective market
access, while a higher Arg improves its operating profit. Both changes raise the value of entry
and the expected profit gain from successful innovation. The commercial entry threshold x(p)
and rival-innovation threshold x(p) both decline as p increases.

When does rival innovation first become attainable? At p = 0, no rival-innovation
threshold exists within the feasible market-access range [k, 1]. The market moves from Regime I
to Regime IT at k¥ = 0.2342, but it never reaches Regime III.

However, closing only 1.51 percent of each benchmark quality and productivity gap is suffi-
cient to bring the innovation threshold to the full-access boundary. Specifically,

pPFA=0.0151 = K(PMFYH =1

The more policy-relevant comparison is the observed effective market access. The rival-
innovation threshold can be reduced to x°** = 0.47 when

p1o%% = 0.2262 — KL (phob%) = 0.47.
At this point, the commercial-entry threshold has already fallen to
KE (p190%) = 0.0961. (118)

The observed market is well inside the commercial-entry region and lies on the Regime-
IT/Regime-I1I boundary. In this calibration, disruptive innovation is the first rival innovation
direction to become viable: its marginal benefit equals its marginal cost at the boundary, while
incremental innovation remains below its profitability threshold. For any value of p slightly
above 0.2262, observed effective market access supports both rival entry and rival innovation.

Figure [7] shows the full regime map.
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Figure 7: Entry and innovation regimes along the less-disadvantaged rival path.
Regime I is the light-blue region below the entry threshold; Regime II is the light-orange region between
the entry and innovation thresholds; and Regime III is the light-green region above the innovation
threshold. The innovation threshold first enters the feasible range at p/*¥4 = 0.0151 and reaches observed
access at p!°P = 0.2262.

Table [6] reports selected points on the path after the principal threshold movements have
been established.

Table 6: Thresholds and Regimes Along the Less-Disadvantaged Rival Path

Position on the path p qro  Aro/Apo KE k! Regime at x>
Benchmark rival 0.0000 0.4244 0.9500  0.2342 —  Regime IT

Innovation threshold reaches full access 0.0151 0.4331 0.9508  0.2190 1.0000 Regime IT

Innovation threshold reaches observed access 0.2262 0.5546 0.9613  0.0961 0.4700 Regime II/III boundary
Half of inherited gaps narrowed 0.5000 0.7122 0.9750  0.0413 0.2183 Regime III

Expected full-access rival share reaches 50%  0.9440 0.9678 0.9972 0.01443 0.0849 Regime III

Notes: A dash indicates that rival innovation remains at the zero boundary throughout the feasible market-
access interval [ko, 1]. At an innovation threshold, the net marginal return equals the marginal cost.

Market structure around the innovation threshold. At p/°** = 0.2262, the rival’s
expenditure share at observed market access is only

sp(0.47; phob%) = 4.29%.

The rival can reach the boundary of dynamic viability while remaining much smaller than the
platform. At the same inherited position, its market share at full access is 12.90 percent, and
its probability of disruptive success reaches 44.44 percent. When one-half of each benchmark
gap is closed, observed market access lies clearly in Regime III: rival share is 12.91 percent, and
the probability of disruptive success is 45.03 percent.

Figure [8| shows how the rival market share at observed and full access changes along the full
p path.
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Figure 8: Rival market shares along the less-disadvantaged rival path. The curves
report expected rival market shares at observed access and at the full-access benchmark. The first
vertical marker identifies the point at which the observed market reaches the innovation threshold. The
second marks the point at which the expected full-access rival share reaches 50 percent. Rival innovation
becomes viable before the market approaches equal shares.

Equal shares and the inherited-entry boundary. A 50 percent rival share at full market
access is reached only at
0”0 = 0.9440, sgr(1;p") = 0.50.

Thus, 94.4 percent of each benchmark quality and productivity gap must be closed along this
particular path before the full-access equilibrium produces equal expected shares. This oc-
curs before exact pre-innovation parity, p = 1, because the rival’s comparative advantage in
disruptive innovation strengthens its expected post-innovation position.

The nearby quantity p° has a different interpretation. Define

pP0 =1inf {p € [0,1] : 6¥(p) < Ko} .

Numerically,
P9 = 0.9450, kE(pP0) = ko,

This means that closing 94.5 percent of each benchmark inherited gap would make entry
just viable already at the inherited access state. For any larger p, the maintained platform-only
inherited equilibrium would fail. The 50-50 point is therefore a diagnostic boundary rather
than an alternative empirically admissible calibration.

This path does not identify a policy instrument that changes p, the time required for inher-
ited networks and capabilities to adjust, or the resources required for that adjustment beyond
the entry and innovation costs already represented. It shows how inherited quality and produc-
tivity alter the access thresholds for entry and innovation.
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6.4 Higher Rival Innovation-Capacity Path

The higher rival innovation-capacity path changes a different object. Rival innovation efficiency
rises from (g = 1 to (g = 2.5. The inherited demand shifter gry and fixed entry cost Fgr
are recalibrated so that the alternative economy continues to match the observed 2 percent
rival share, inherited non-entry, and observed post-implementation entry. The rival’s inherited
productivity and all other preference, production, access, and innovation parameters remain at
their baseline values.

This exercise compares two calibrated economies with the same observed commercial foothold
and entry pattern but different abilities to convert that foothold into successful innovation.

The recalibration gives
qro = 0.4084,  Fr=3.6748 x 107*.
The resulting thresholds are
K = 0.2398, ki = 0.4284.

This path moves from Regime I to Regime II at /@QE and from Regime II to Regime III
immediately above /@é . Because n‘fbs = 0.47, the observed market lies in Regime III.

At observed access, H‘{bs = 0.47, disruptive investment is 3.53 x 10~ and the success proba-
bility is 8.19 percent. At full market access, disruptive investment rises to 0.00313, the success
probability reaches 53.06 percent, and the rival share reaches 6.30 percentF_g] Table |7| reports
these outcomes in detail.

Table 7: Higher Rival Innovation-Capacity Path at the Reference States

Outcome Inherited: kg = 0.0144 Observed: k1 = 0.47 Full access: k1 = 1
Rival enters No Yes Yes
Rival regime 1 111 111
Rival expenditure share (%) 0.000 2.000 6.303
Rival incremental investment 0.00000 0.00000 0.00000
Rival disruptive investment 0.00000 0.00035 0.00313
Disruptive success probability (%) 0.00 8.19 53.06

Figure[J compares the benchmark and higher-capacity commercialization paths. They match
a 2 percent rival share at observed access by construction. Beyond the innovation threshold, the
higher-capacity rival improves its expected quality and productivity, so its share grows more
rapidly.

18The commercial-entry threshold is close to the benchmark value, while the dynamic outcome changes sub-
stantially. This comparison should not be read as a pure comparative static of (g, because qgro and Fr are
recalibrated. Its point, instead, is that the same observed 2 percent share and entry pattern can be consistent
with very different innovation prospects.
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Figure 9: Commercialization under higher rival innovation capacity. The background
regimes are defined by the higher-capacity thresholds. Both paths match a 2 percent rival share at
observed access. The higher-capacity path enters Regime III above /{é = 0.4284 and reaches a 6.30 percent
market share at the full-access benchmark, compared with 4.10 percent in the benchmark economy.

Figure [10| reports the actual net marginal return to rival disruptive innovation at the zero

boundary. The benchmark return remains negative through full access, whereas the higher-

capacity return crosses zero at /@é.
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Figure 10: Net marginal return to rival disruptive innovation. A value below zero implies
that zero disruptive investment is optimal at the margin. The benchmark path remains below zero
throughout the feasible access range. The higher-capacity path crosses zero at its innovation threshold

and enters Regime III.
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The two complementary rival exercises activate innovation through different channels. The
less-disadvantaged path improves the quality and productivity position from which the rival
enters while holding all other primitives fixed. The higher-capacity path increases the produc-
tivity of R&D while recalibrating qrg and Fgr to preserve the same observed foothold. Both
confirm that effective market access and inherited rival capacity jointly determine whether
commercialization becomes dynamic competition.

6.5 Innovation and Welfare Across the Three Paths

This subsection compares three access paths on a common horizontal axis: (i) the benchmark
path; (ii) a selected less-disadvantaged-rival path with p = p/°" = 0.2262; and (iii) the higher-
rival-innovation-capacity path with (g = 2.5. The selected value of p is the point at which
observed access lies exactly on the Regime-II/Regime-IIT boundary. It provides a transparent
cross-path comparison, but it is only one point from the full family of less-disadvantaged-rival
economies studied above.

Rival innovation across the three paths. The three paths generate sharply different rival-
innovation outcomes. The benchmark rival remains in Regime II throughout the feasible access
range and never innovates. The selected less-disadvantaged rival is exactly at the innovation
boundary at observed access and begins disruptive innovation for slightly higher k; its disruptive-
success probability reaches 44.44 percent at full access. The higher-capacity rival is already in
Regime III at observed access, with an 8.19 percent success probability, and reaches 53.06
percent at full access.
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Figure 11: Rival disruptive innovation across the three paths. On the benchmark path,
rival never innovates. The selected less-disadvantaged rival reaches the innovation boundary at observed
access and innovates above it. The higher-capacity rival crosses its innovation threshold before observed
access and therefore has a positive success probability at the observed state.

Platform innovation across the three paths. Platform innovation rises along all three
paths, even though platform profit falls. To summarize the platform response without imposing
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a welfare weight on incremental versus disruptive innovation, Figure [I2] plots total platform
R&D expenditure, xp; + xpp, relative to the common no-improvement level. At observed
access, total platform R&D rises by 2.52 percent in the benchmark, 5.11 percent in the selected
less-disadvantaged economy, and 2.50 percent under higher rival innovation capacity. At full
access, the corresponding increases are 4.91, 11.53, and 6.94 percent.
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Figure 12: Platform innovation across the three paths. The figure reports the percentage
change in total platform R&D expenditure, xp; + xpp, relative to the common no-improvement level.
Platform innovation rises under all three configurations despite declining platform profit.

The platform response is consistent with Proposition ] Greater market access reduces the
platform’s expenditure share and profit, but it also lowers the quality-adjusted digital price,
expands digital use, and changes the profit gain from successful innovation. In all three paths,
the latter forces are sufficient to raise platform R&D.

Table |8 reports the innovation outcomes at observed and full access.

Table 8: Innovation Across the Three Paths

Benchmark Less-disadvantaged, p = 0.2262 Higher capacity, (r = 2.5
Outcome Observed  Full access Observed Full access Observed Full access
Rival regime I II II/III boundary 111 IIT IIT
Rival share (%) 2.00 4.10 4.29 12.90 2.00 6.30
Platform incremental R&D 0.00903 0.00921 0.00922 0.00968 0.00903 0.00936
Platform disruptive R&D 0.02156 0.02209 0.02214 0.02359 0.02155 0.02255
Rival disruptive R&D 0.00000 0.00000 0.00000 0.00608 0.00035 0.00313
Rival disruptive success (%) 0.00 0.00 0.00 44.44 8.19 53.06
Descriptive total R&D 0.03059 0.03130 0.03136 0.03935 0.03093 0.03504

Notes: “Descriptive total R&D” is the sum of all four investment expenditures. It is a resource-expenditure
measure, not a welfare-weighted measure of aggregate innovation output. Incremental and disruptive inno-
vations have different success probabilities and step sizes, and innovations by the two firms need not have
equal social value.

Since all innovation expenditures are measured in the same numeraire, it is possible to
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plot their sum as those costs. Figure [I3] shows that this sum rises by 2.52 percent in the
benchmark, 5.11 percent in the selected less-disadvantaged economy, and 3.68 percent under
higher innovation capacity at observed access. At full access, the increases are 4.91, 31.90, and
17.43 percent. This aggregation should not be interpreted as “aggregate innovation” in a welfare
or technological sense: it does not account for different innovation types, success probabilities,
technological step sizes, duplication, or business-stealing effects.
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Figure 13: Descriptive total R&D expenditure across the three paths. The figure sums
platform and rival incremental and disruptive investments and reports the percentage change relative to
the common no-improvement level. The sum is informative about resources devoted to R&D but is not
a measure of aggregate innovation output or welfare.

Welfare across the three paths. Figure [14] compares total consumption-equivalent welfare
gains. Every path is measured relative to its own no-improvement equilibrium at k1 = kg. We
need to note that, for the less-disadvantaged path, the welfare numbers measure the gain from
improving market access, given the stronger inherited rival position, rather than the welfare
effect of changing p itself.
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Figure 14: Welfare effects across the three paths. Each curve reports the consumption-
equivalent welfare change relative to that path’s own no-improvement equilibrium. The less-
disadvantaged comparison fixes p = p!°bs
and uses the associated recalibration.

= 0.2262; the higher-capacity comparison sets (g = 2.5

At observed access, the benchmark welfare gain is 0.222%. The selected less-disadvantaged
economy produces a larger gain of 0.498% because the same access level supports a larger rival
share and a stronger platform response. The higher-capacity economy produces a similar current
gain, 0.219%, because it is calibrated to the same 2% rival share and lies only modestly above
its innovation threshold.

The paths diverge more strongly at full access. The benchmark welfare gain is 0.470%; the
selected less-disadvantaged economy reaches 1.444%; and the higher-capacity economy reaches
0.735%. In the latter two paths, rival disruptive innovation becomes active and amplifies the
effects of additional market access.

Table [0 reports the welfare decomposition and associated general equilibrium outcomes.

Table 9: Welfare and General-Equilibrium Outcomes Across the Three Paths

Benchmark Less-disadvantaged, p = 0.2262 Higher capacity, (g = 2.5

Outcome Observed Full access Observed Full access Observed Full access
CE welfare change (%) 0.222 0.470 0.498 1.444 0.219 0.735
Commercialization/GE component (%) 0.145 0.324 0.348 0.728 0.129 0.290
Innovation component (%) 0.077 0.145 0.150 0.711 0.090 0.443
Wage change (%) 0.443 0.899 0.939 2.728 0.442 1.362
Household-income change (%) 0.484 0.977 1.034 3.601 0.512 1.840
Non-digital-output change (%) 0.315 0.622 0.663 2.370 0.342 1.274
Platform-profit change (%) —1.623 —3.431 —3.584 —11.587 —1.604 —5.175

Notes: Each change is measured relative to the no-improvement equilibrium within the same path. The
welfare decomposition is additive in utility. The displayed consumption-equivalent components need not add
exactly to the total because the consumption-equivalent transformation is nonlinear.

The gains propagate beyond direct rival sales. Lower quality-adjusted digital-input prices
raise the marginal product of labor in the non-digital sector, increasing wages, household income,
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and non-digital output. The strength of this propagation depends materially on the benchmark
digital-input share ¢ = 0.30, which is deliberately high; the magnitudes should therefore be
interpreted as results from a reference calibration rather than as a comprehensive benefit—cost
estimate of the DMA or the app ecosystem.

Foreign ownership affects domestic incidence rather than the underlying commercialization
mechanism. Because 85 percent of platform profit leaves the modeled domestic economy, lower
platform profit reduces foreign remittances and allows domestic households to retain a larger
share of the gains from lower digital prices and downstream production. From a global perspec-
tive, the reduction in remittances is a transfer rather than an additional resource gain.

These three paths show that current market access, inherited quality and productivity,
and innovation capacity are complementary. Improved market access creates the commercial
base over which entry and innovation earn returns. A less disadvantaged inherited position or
greater innovation capacity lowers the access level needed for rival innovation. The model does
not causally separate these inherited conditions from the history of market access; it shows how
they jointly determine the transition from formal opening to commercialization and dynamic
competition.

6.6 Sensitivity and Robustness

Appendix |B| evaluates 27 valid one-at-a-time alternatives, in addition to the benchmark, and
separately reports five operationally nonviable and four no-match calibration boundaries. Unless
a target is itself varied, each alternative rematches the inherited household digital-expenditure
share, the platform R&D-to-revenue ratio, and the observed rival share; the fixed entry cost
is reselected from the interval consistent with inherited non-entry and observed entry. The
resulting ranges are comparative-calibration exercises rather than confidence intervals.

The commercial-entry threshold is stable under most alternatives but sensitive to the fixed
entry cost. Selecting the tenth and ninetieth percentiles of its identified interval moves ¥ from
0.057 to 0.421, compared with the benchmark value of 0.234. Excluding those direct entry-
cost alternatives, valid specifications place the threshold between 0.200 and 0.273. Thus, the
existence of a separate entry threshold is stable, while the access improvement required to cross
it is weakly identified by the available entry facts.

The benchmark result that rival innovation remains at zero through full market access is not
universal. Nine valid alternatives generate an interior innovation threshold, but in every case
k! > k®. The robust implication is that entry happens before innovation, not permanent zero
rival innovation. The observed market remains in Regime II in 26 of the 28 valid specifications
and moves into Regime III only in the recalibrated (r = 2.5 and (r = 3 exercises. Greater
substitution, commercial scale, and rival innovation efficiency are the main forces lowering x!.

The positive platform-innovation response is stable across the valid one-at-a-time domain.
At observed access, platform incremental investment rises by between 1.15 and 4.19 percent
and disruptive investment by between 1.88 and 4.88 percent relative to each alternative’s own
no-improvement equilibrium. This is a calibrated robustness result rather than an analytical
sign theory.

Every valid alternative produces a positive consumption-equivalent welfare gain. At ob-
served access, the range is 0.063 to 0.277 percent; at full access, it is 0.140 to 0.857 percent.
The digital intermediate-input share is the main determinant of the lower end of the range, while
substitution and rival innovation capacity govern the upper end. Welfare remains positive when
all platform profit accrues domestically, so the result is not generated solely by reduced transfers
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to foreign platform owners.

Two additional checks qualify the diagnostic counterfactuals. First, the less-disadvantaged-
rival path is driven primarily by the closure of the large inherited relative-demand gap. In
other words, closing the benchmark productivity gap alone does not activate rival innovation
over the feasible path. Second, varying the observed rival share and measured access value
leaves the current market-access term as a minority—between 14.3 and 25.0 percent—of the
accounting distance to the 50-50 reference. These exercises preserve the paper’s causal caveat:
they describe how inherited conditions enter the model, not why those conditions arose.

7 Discussion and Policy Implications

The European Commission’s first review of the DMA provides a direct policy context for the
mechanisms studied in this paper. The review finds that the DMA has already created new
opportunities for business users and alternative providers. But the effectiveness of these oppor-
tunities depends on practical implementation and continued enforcement. In app-distribution,
the Commission identifies fees, multi-step installation, vetting procedures, and other techni-
cal or procedural frictions as factors preventing alternative distribution channels from being
meaningfully usable in practice. (European Commission, [2026bllal).

The evidence closely matches what we derived from the model and quantitative analysis.
Formal opening does not itself determine effective market access, and effective market access
does not guarantee rival commercially viable entry. Moreover, the effective market access re-
quired to support entry may be lower than that required to support commercial-scale and rival
innovation.

The model isolates one foundational channel through which digital market regulation can
improve contestability—whether a rival can use a route controlled by a gatekeeper to reach users
and build a commercial base. The framework does not rank any individual obligations, or
estimate enforcement resources to produce a given value of k, or identify the historical cause of
the inherited rival position. The policy implications should be interpreted as the implications
for the regulations or obligations that aim at unlocking the bottleneck, rather than a complete
assessment of those regulations.

When does improved market access produce commercially viable entry? The first
implication is that commercially viable entry is different from usable market access and formal
legal opening. A legal obligation might create a right for the rivals to use a route to market, but
it might not make the route sufficiently practical or attractive for users. So even if the market
access improves, the rival enters only when the expected commercial opportunity can cover its
fixed entry cost.

The commercial-entry threshold also implies that market access reforms are state-dependent.
A large improvement that starts from a very low inherited competitive state may leave the
market still below x” and fail to generate rival entry, even though it increases the demand that
a rival could obtain conditional on its entry. However, a small improvement from just below
the threshold can trigger a discrete change in market structure. Once the threshold is crossed,
additional market access can help an active rival expand its sales base.

Policy should use realized effective market access rather than the formal strictness of the
legal rule as its objective. Default placement, installation procedures, technical interfaces,
interoperability, and switching costs may all affect whether a legally available channel can
generate user adoption and usage. The model does not show how a particular obligation or
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enforcement action changes effective market access. It shows why regulations should ultimately
be evaluated through the commercial opportunities that new entrants can actually use.

When does entry become dynamic competition? The second implication is that a rival
can enter but still lacks sufficient commercial scale to invest in innovation. Entry demonstrates
that the rival has acquired a commercial foothold, but it does not establish that the foothold is
large or profitable enough to support continued improvement in quality and productivity.

In the benchmark calibration, the economy remains in Regime II (rival entry without in-
novation) throughout the full period of market access. However, the complementary exercises
show that this result is conditional on the inherited competitive state. A stronger inherited
rival quality and productivity position or greater rival innovation capacity lowers the effective
market access level required for rival innovation.

The inherited competitive state reflects product gaps between the platform and the rival.
But it should not be interpreted as an intrinsic measure of rival merit, since it may also reflect
the effects of networks, accumulated data, reputation, complementary services, user familiarity,
and prior opportunities. These conditions can be partially attributed to earlier market access
status. So, a small rival market share after the regulation does not necessarily show that the
remaining competitive gap is attributable to insufficient rival effort.

Moreover, the model holds the inherited state as given when the market access changes.
Continuous market access may gradually affect that state through user adoption and accumu-
lated data and reputation. These dynamic feedback are not looped back to this two-period
model. The results actually show that current market access and inherited rival capacity are
complementary in determining the transition of rival entry and innovation.

Policy evaluation should move beyond counting entrants or observing an initial market share.
It should also examine whether rivals retain users, generate recurring revenue, and acquire the
capacity to invest.

How does market opening affect platform R&D and welfare? The third implication
is that a decline in incumbent profit is not evidence that incumbent innovation incentives have
weakened. In other words, preserving incumbent rent is not a necessary condition for maintain-
ing its R&D.

The effect of greater market access on platform innovation is not theoretically predetermined.
Higher market access allows rivals to enter into the market and reduces the platform’s market
share and profit, while digital market expansion and changes in the payoff from successful
innovation can strengthen platform’s R&D incentives. The model does not imply a clear effect
of opening up a market on platform innovation.

In the benchmark economy, platform total R&D expenditure increases although its profit
falls with leveled market access. The positive platform investment in innovation is universal
across all sensitivity exercises. Policy assessment should distinguish platform profit from its
R&D expenditure and the value of the resulting improvements.

The welfare effects also extend beyond the rival’s direct market share. Rival entry and
commercialization lower the quality-adjusted digital price. Since digital services enter non-
digital production as intermediate inputs, this price change affects labor productivity, wages,
household income, and non-digital outputs. Endogenous innovation adds an additional channel.

The benchmark consumption-equivalent gain is 0.22 percent at observed market access and
0.47 percent at full market access. The gain is larger in economies in which rival innovation
becomes active. The magnitude of the welfare effects are sensitive to the assumed importance
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of digital inputs in downstream non-digital production and to domestic ownership of platform
profits. Nevertheless, the qualitative implication is robust: the economic importance of a digital
market bottleneck may exceed the direct household expenditure share of the immediate service,
but the magnitude of that propagation requires market-specific empirical evidence.

Last but not the least. The framework imposes a disciplined sequence on the evaluation of
bottleneck-opening regulation: formal opening — usable market access — commercial entry —
rival innovation.

A comprehensive evaluation of digital-market regulation requires distinct evidence across
multiple stages. Formal compliance signals the creation of legal frameworks, whereas effective
market access demonstrates whether competitors can leverage these frameworks in practice.
Furthermore, long-term commercial viability and expansion indicate whether a truly dynamic
competitive process has emerged. Isolating these distinct outcomes provides a richer, more nu-
anced analysis than relying solely on compliance metrics, entrant numbers, or snapshot market
shares.

8 Conclusion

This paper investigates when opening digital market bottlenecks creates genuine competition
rather than a mere formal legal opportunity. Answering this requires distinguishing between
three outcomes often conflated as equivalent: rival commercially viable entry, commercializa-
tion, and sustained innovation. I formalize this sequence using a two-period stochastic general-
equilibrium model. In this model, effective market access expands the demand available to a
potential rival, whereas fixed entry costs establish a commercially viable entry threshold. Condi-
tional on crossing this entry hurdle, scale-dependent innovation returns create a second, higher
threshold for rival innovation. These two thresholds partition the market into three distinct
regimes: no rival entry, rival entry without innovation, and rival entry with innovation. Cru-
cially, their boundaries depend on current effective market access interacting with the inherited
competitive state, entry costs, and innovation capacity.

Applying the model to EU mobile app distribution illustrates the distinction between com-
mercial entry and dynamic competition. The observed post-DMA effective market access
m‘fbs = 0.47 crosses the commercial entry threshold ¥ = 0.2342 and supports rival entry,
yet the rival captures only 2% of the market share. Even at full effective market access k = 1,
the rival’s market share reaches only 4.1%, remaining trapped in Regime II where the marginal
return to disruptive innovation fall short of the investment boundary. However, complementary
exercises demonstrate that this outcome is not an inherent limit of access regulation. Narrowing
the rival’s quality and productivity gaps by 22.62% lowers the innovation threshold to observed
market access level, even with a merely 4.29% market share. A higher-innovation-capacity econ-
omy reaches Regime III at at k! = 0.4284. Dynamic viability does not require market share
parity and markets with similar entry profiles can have very different innovation prospects.

Greater market access also reshapes platform strategy. In the benchmark calibration, plat-
form profit falls while platform innovation investments rise. Overall welfare improves through
rival commercialization, innovation, lower quality-adjusted prices, and downstream linkages,
yielding consumption-equivalent gains of 0.222% at observed access and 0.470% at full access
(rising to 0.735% under higher-innovation-capacity). Sensitivity analysis confirms that the or-
dering of rival entry before innovation and the positive welfare effects are robust across valid
parameter domains.
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This framework provides a theory-first methodology to evaluate bottleneck-opening regula-
tions in digital market, showing that formal compliance, usability, entry, market share, inno-
vation, and welfare are distinct, sequential indicators. Future work can extend this two-period
structure to dynamic settings with endogenous state variables to analyze how persistent access
gradually unwinds historical platform advantages. Ultimately, a market is commercially open
when a rival can enter and survive; it becomes dynamically contestable only when that com-
mercial footprint supports continuous innovation. The gap between these two outcomes defines
the economic space where implementation, market structure, and innovation policy interact.
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Appendix A Existence of Equilibrium

This appendix proves the existence of equilibrium. The argument proceeds in four steps. First,
I construct the general-equilibrium allocation conditional on rival entry and realized innova-
tion outcomes. Second, I show that firms’ innovation choices can be restricted to compact
sets. Third, I establish the existence of a pure-strategy equilibrium in the innovation subgame.
Finally, I incorporate the rival’s entry decision.

A.1 The State-Contingent General Equilibrium

Fix a period, the rival’s entry decision, effective contestability, and a realization of all innovation
outcomes. Consequently, the qualities g;, productivities A;, and quality-adjusted prices p; =
P;j/q; are fixed within the state.

If the rival is active, its within-digital expenditure share is

o l—-op
K°Ppp

1— 1-—
Pp 7D 4 H"DPR 7P

SR y Sp:1—SR. (Al)

If the rival is inactive, I set sg = 0 and sp = 1. Let Pp denote the corresponding digital-
service price index, and let S¥ € (0,1) denote the household’s total digital expenditure share,
as derived in the household problem.

A.1.1 Non-digital production and the wage

The non-digital producer’s total cost of producing Yy is

Cy = min {wLN + Ppﬁ} subject to BL}V_LEL > Y. (A.2)
Ln,D

Because the production function has constant returns to scale, the total minimized cost is
proportional to output:

Cn =cnYn, (A.3)

where unit cost is the total minimized cost divided by output,

ey 1 w \'"" /P

Competition in the non-digital sector and the normalization of the non-digital-good price

to one imply

ey =1 (A.5)

The equilibrium wage is therefore uniquely determined by

w=(1-1)BT <PLD> o > 0. (A.6)

In a competitive market, non-digital firms run at zero profit, and the associated conditional
factor demands satisfy

wLy = (1—1)Yy,  PpD=.Yy. (A7)
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Implication for Equilibrium Existence Equation (A.6]) pins down a unique wage.

A.1.2 Digital revenue, labor demand, and profits

Total expenditure on digital services equals household digital expenditure plus the non-digital
sector’s expenditure on digital intermediate inputs:

EP = SHT + .Yy, (A.8)

where EP denotes total expenditure on digital services, S¥ denotes the share of household
expenditure on digital services, and I denotes household income.

Because households and the non-digital producer have the same within-digital aggregator,
supplier revenues are

PpYp =spEP,  PrYp = sgpEP. (A.9)

Using the digital production technology Y; = A;L;, labor demand by each supplier is

EP EP
Lp=2P2 p= B (A.10)
PpAp PrAg
Total labor demanded by the digital sector is
spEP  spEP
P =Lp+Lp= Al
PR = B T Pedn (A.11)
Define labor required per unit of digital expenditure as
Sp SR
{= ) A2
PpAp  PrAn (A.12)
Then the aggregate digital labor demand can be expressed as
LP =(EP. (A.13)
For an active supplier, define its unit operating-surplus share as
w
i=1- . Al4
Vj P]A] ( )
The operational-viability condition in Proposition 7?7 requires
v;i >0 for every active supplier. (A.15)

Under this condition, an active supplier serves all the demand allocated to it. Operating
profits are

TTp = SPVPED, TR = SRVRED. (A.16)

Implication for Equilibrium Existence The positive-operating-profit condition
guarantees that each active supplier optimally and uniquely serves all demand allocated to
it. It therefore makes the demand system consistent with the firms’ conditional production de-
cisions. It is not a restriction requiring net profit after entry and innovation costs to be positive
in every state.
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A.1.3 Resources feasibility and household income
The net transfer to the platform’s foreign owners is

1] = o) -~ 1{t = 0}¢Cp(xp) , (A.17)

~
foreign share of operating profit  foreign financing of platform innovation

where ¢ € [0,1] denotes the foreign ownership share of the dominant platform. Thus, T =
dlmpo — Cp(xp)], whereas TI = ¢mpy.

The full non-digital resource constraint is

F
Yy = Cy +1{t = 0} [Cp(xp) + er(Fr + Cr(xR))] + Ty . (AIB)
. household ) entry and innovation net transfer
non-digital consumption Tesource use to foreign owners

Let KP denote the domestic-financed component of transition expenditures:

(1 —¢)Cp(xp) +er[Fr+Cr(xr)], t=0,
KP = (A.19)
0, t=1.
Denote the fraction of total digital expenditure remitted abroad through platform profits as
f and it can be expressed as

f=¢sprp. (A.20)

where vp € (0,1) is the unit operating profit share of the platform, and sp € [0, 1] is the digital
expenditure share of the platform. We can see that f < 1.
Combining the non-digital resource constraint with foreign profit leakage gives

H D D
Yve=  (1-SMI  + K + fE! . (A.21)
N———
_ household . domestically financed  foreign platform-profit
non-digital consumption  entry and innovation leakage

Substituting equation (A.8) into equation (A.21)) yields

(1—foYne=[1— (- fSH] L+ KP. (A.22)
Hence,
Yne = hly + Ky, (A.23)
where
1-(1-/st kP
= 7t = > 0. A.24
h 1= fu > 0, k 1—fL_O (A.24)

Both denominators are strictly positive because f < 1 and ¢ € (0, 1).
Household income identity I in each period can be expanded as
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In= wol + (1= ¢)mpo + Tro
Y
labor income  domestically accruing operating profit

— (1= ¢)Cp(xp) + er(Fr + Cr(xr))], (A.25)

~
domestically financed transition expenditures

I = w1 L + (1 — gb)ﬂ'pl + TR1 . (A26)
—~—

~
labor income  domestically accruing operating profit

A.1.4 Labor-market clearing

Total labor demand is the sum of non-digital and digital labor demand. Using equations (|A.7)
and (A.13]), labor-market clearing requires

11—
w

Yy + ¢ (ST +.Yy) = L. (A.27)
Define

a= 1= + 0 > 0. (A.28)

w
Substituting Yy = hl + k into labor-market clearing gives

(ah+€S") I +ak = L. (A.29)
Household income is therefore uniquely determined:
B L —ak
 ah+(SH'
The denominator is strictly positive. Positive equilibrium income requires

I (A.30)

D

= - 1—1 K
— L>(w+w>1_ﬂ. (A31)

Equation (|A.31)) is the transition-feasibility condition referenced in Proposition ??. It states
that entry and innovation investments cannot exceed the resources the economy can finance

during the transition.

Given I, equation (A.23)) uniquely determines Yy. Equations (A.8)—(A.10) then uniquely
determine digital expenditures, outputs, labor demands, and profits.

The household income identity is also satisfied. In particular,
wL + (1 — ¢)wp + 7 — KP
=(1-)Yn+Q1-fEP-KP
=Yy + 571 - fEP - kP

=1, (A.32)
To see ((A.32)), we have
thP = &SthtD
jetpry "I
= 3 sp(l—v)EP. (A.33)
je{P,R}
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Tpt + TRt = Z SjthtEtD. (A34)

Jje{P,R}
w Ly + mpy+ TR = EP. (A.35)
thNt = (1 - L)YNt- (A36)

wiL + Tpy + TR = weLng + wi LY + Ty + TR
= (1—0)Yn + EP. (A.37)

I =(1—0)Yn: + EP — ¢pnp —KP
~—~—
ftEP
=1 —0)YN+ (1 - f)EP —KP. (A.38)

Thus, the household budget, firm profits, resource constraint, and labor-market clearing are
mutually consistent. We have established the following intermediate result.

Lemma 1 (State-contingent equilibrium). For any fixed entry decision and innovation real-
1zation, operational viability and transition feasibility imply that the state-contingent general
equilibrium exists and is unique.

A.2 Compact Innovation Strategy Sets

Innovation effort affects the probabilities of innovation outcomes but not the size of the technol-
ogy improvement, conditional on success. Since each firm has two binary innovation outcomes
for each type of innovation,

& = (&1,&p) € {0,1}2. (A.39)

thus, each firm has four possible own innovation-outcome combinations. When both firms are
active, the joint innovation state is

€= (¢pr,&pp,ER1yErp) € {0,1}7, (A.40)

Therefore, there are 2* = 16 joint innovation states. If the rival does not enter, only the
platform’s four innovation states remain. Because the innovation states are finite, the set of
possible productivity and quality states is finite.

Moreover, digital labor cannot exceed the aggregate labor endowment. Hence, state-contingent
operating profit is bounded above by

0< m(€) < PAn(E)L. (A.41)
Define

i1 = mEaX{P]A]l(ﬁ)I_/} < 0. (A42)

Up to payoff components independent of its innovation choices, firm j’s innovation payoff is
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Uj(xj,x—j) = —Cj(x;) + BE [mj1(§) | xj,x—5] - (A.43)

where C;(x;) = ;1 + ;p.
Any strategy satisfying Cj(x;) > 7, yields a strictly lower payoff than a zero-investment
strategy. We are able to restrict firm j’s innovation choices to

X = {(jr,x5p) € RY : xj1 + xjp < B} (A.44)

This set is nonempty because it contains (0,0). It is closed because it is defined by weak
inequalities, and it is bounded because each component satisfies 0 < xj;, < 87;. It is therefore
compact.

The set is also convex. For any x;,y; € X}nv and any « € [0, 1],

Cj(ax; + (1 — a)y;) = aCj(x;) + (1 — a)C;(y;)
< By, (A.45)

where the equality follows from the linear innovation-cost function C;(x;) = x;r + z;p.
Hence, ax; + (1 — a)y; € Xijn".

Therefore, in sum, the set X7 is nonempty, compact, and convex. Transition feasibility is
assumed to hold over these payoff-relevant strategy sets.

Implication for Equilibrium Existence Bounded operating profits and linear innovation
costs allow each firm’s unbounded original innovation domain to be replaced by a nonempty,
compact, and convex innovation choice set without eliminating any optimal strategy. This pro-
vides the compact-strategy-set condition needed for the existence of the innovation equilibrium.

A.3 The Strategic Innovation Subgame

The innovation-success probabilities

Ok (xji) = 1 — exp(—na;rxji), (A.46)

are continuous in investment. Since the number of innovation states is finite, and state-
contingent equilibrium profits are well-defined by Lemma [I] expected payoffs are continuous
in both firms’ innovation choices.

To characterize a sufficient curvature condition, we can fix the opponent’s strategy and
integrate over the opponent’s innovation outcomes. Define

T =Fe [mpn | §r=a,&p =0,  abe{0,1}. (A47)

Define the incremental gain, the disruptive gain as

I _ =10 _ =00
A =7 =75, (A.48)

D _ —01 _ —00
Ay =70 -7, (A.49)
(A.50)

The interaction term of the two is a difference-in-differences:
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AP = (7}t —7M) - (7;° —73%) : (A.51)

—_—— ————
effect of incremental success effect of incremental success
when disruptive innovation succeeds when disruptive innovation fails
Equivalently,
ID _ ~11 _ =10 . —01 _ -00
A7 = (Wj j ) (77] Ty )
| —_——
effect of disruptive success effect of disruptive success
when incremental innovation succeeds when incremental innovation fails

(A.52)

The interaction term AJI-D measures whether the profit effect of one innovation depends on

the success of the other. It is positive when the two innovation outcomes are complementary

in generating profits, zero when their profit effects are additive, and negative when they are

substitutes. In other words, the interaction term captures complementarity or substitutability
between the two innovation directions.

° A]I-D > 0 : the two successes are complementary in profits.
. AJI-D = 0 : their profit effects are additive.

. A]I-D < 0 : the two successes are substitutes or partially redundant.
We can use AJI , AJD , and AJI-D to reconstruct every innovation outcome:

—10 _ =00 I
=7 + A,

Tt =m0+ A7, (A.53)

ol =70+ AL+ AP + AIP.

Given the innovation success probability 6}, assuming the two outcomes are conditionally
independent, the expected continuation profit is initially

Eo [mj1] = (1 = 0;1) (1 — 6;p) 7"
+ ijejpﬁ'jn
+ 9]'[ (1 — 9]'[)) 77']10
+ (1= 6;1) 007",

(A.54)

Substituting equation (A.53)), the expected continuation profit can then be written as

EO[le] = fgo + A]Iﬂj[ + A]-DejD + A§D0ﬂ€]p. (A.55)

To establish a sufficient condition for payoff concavity, define the marginal profit gains
associated with the two success probabilities as

_ G, I ID

Mj] = 87]][ = Aj + Aj (ng, (A56)
— 8Gj D ID

MjD = % = Aj —+ Aj Hj]. (A57)

These terms have a direct economic interpretation. In particular,
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Mjr=(1—0;p) (7}° —=7}°) +0;p (7;' —7]"), (A.58)

Mjp = (1= ;1) (7] = 75") + 051 (7} = 7;°) (A.59)

Thus, M;y is the expected profit gain from incremental success, averaging over disruptive
innovation outcomes, while M;p is the corresponding expected gain from disruptive success.
Let bji. = naji. The the first and the second derivative of innovation success probability are

0 = bj(1 — 0) > 0, e = —b%.(1 = 05) < 0. (A.60)

Let G;j = Eg [mj1]. The first derivatives of G; are

0G,
81']-]1 = Aj0i; + A570;p0);

A.61
= (] +A570;)0); oy
= bjr (1 —0;1) My,

and e
amj,];) = AP0 + AIP0;10 ),
A.62
= (AP + AR08 (A.62)
The Hessian of expected continuation profit is
w2 —02,(1 = 0;1)M; APbirbip(1—6;1)(1 - 0;p) (A.63)
! AfPbirbip(1 - 651)(1 - 6;p) —b3p(1 = 0;p) M,

A symmetric 2 x 2 matrix is negative semidefinite when its diagonal elements are nonpositive
and its determinant is nonnegative. The diagonal elements in equation (A.63) are nonpositive
if

M;r >0, M;p > 0. (A.64)

Moreover,

det(V>Gj) = b3;b5p(1 — 0;7)(1 — ;D)
x [MjrMjp — (AJP)*(1 = 0;1)(1 = 0;p)] - (A.65)

The determinant is therefore nonnegative if

M;iM;p > (AP)2(1 = 6;1)(1 - 0,p). (A.66)

Under equations (A.64) and (A.66)), the Hessian is negative semidefinite, so expected contin-
uation profit is concave in the firm’s own innovation choices. Because innovation cost is linear,
subtracting Cj(x;) does not alter this curvature. The full innovation payoff is also concave and

hence quasi-concave.
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Implication for Equilibrium Existence The compactness and convexity of X'}n", continuity
of payoffs, and quasi-concavity in each firm’s own strategy imply, by the Debreu—Fan—Glicksberg
theorem, that the innovation subgame has a pure-strategy Nash equilibrium.

A.4 Entry and Completion of the Proof

Consider first the continuation subgame following rival entry. The preceding argument has
established the existence of an innovation equilibrium (x},x%). If the rival does not enter,
its innovation choices and production are zero, and the platform’s innovation problem has a
solution on its compact strategy set.

The rival’s value from entry is

Vi = —Fr — Cr(xg) + BE [t} | Xp, XE]. (A.67)

The no-entry value is normalized to zero. Because the entry set {0,1} is finite, an optimal
entry decision exists:

E

ef = {1’ Vie 20, (A.68)
0, VE<o.

Implication for Equilibrium Existence Because entry is a choice from the finite set {0, 1}

and an equilibrium exists in each continuation innovation subgame, an optimal entry deci-

sion exists. Combining this decision with the corresponding innovation equilibrium and state-

contingent market allocation completes the proof of Proposition ?77. O

Appendix B Sensitivity Analysis

From the sensitivity analysis exercises, we learned five things. First, a rival-commercial-entry
threshold exists throughout the valid domain of effective market access, though its exact loca-
tion is most sensitive to the fixed entry cost. Second, rival-post-entry commercialization is more
sensitive to within-digital substitution and observed access—share combination. Third, rival en-
try precedes rival innovation in every valid specification with an interior innovation threshold.
And the platform increases its innovation in both directions. Fourth, welfare remains posi-
tive across all valid alternatives, but its magnitude depends on downstream digital-input use,
domestic ownership, and rival market position.

Fifth, the less-disadvantaged-rival path is driven primarily by the large inherited relative-
demand gap in the benchmark, while the exact share-gap accounting split remains sensitive to
the observed access and market-share moments.

B.1 Sensitivity Analysis Design

I examine the robustness of the quantitative results to alternative parameter values and calibra-
tion moments. Each exercise changes one assigned parameter or one target moment at a time.
I then recalibrate the remaining parameters that are determined internally. Each alternative
continues to match three moments: i) the inherited household digital expenditure share; ii) the
platform’s R&D to revenue ratio; and iii) the rival’s 2 percent expenditure share at the observed
effective market access.
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Recalibration proceeds with four steps. First, I choose an upper-tier CES weight p to
match the household digital expenditure share, and adjust non-digital sector productivity B to
preserve the inherited wage normalization. Second, I calibrate the common innovation-efficiency
parameter 1 to match the platform R&D moment. Third, to match the observed rival share,
I calibrate the inherited rival quality qrg. Finally, I recompute the range of fixed entry costs

F RE These exercises aim at testing the location of the commercial-entry threshold, the rival-

innovation threshold, and the magnitude of welfare effects.

Table presents different types of specification in these exercises.

Table B.1: Classification of Sensitivity Specifications

Classification Definition and required conditions Treatment in the analysis

Valid The specification needs to: (i) reproduces the re- Included in the reported
quired calibration moments; (ii) preserves inherited robustness ranges.
non-entry and observed post-DMA entry; (iii) con-
verges to firms’ mutual best responses; (iv) clears
all markets; (v) satisfies transition feasibility; and
(vi) delivers strictly positive operating profit in ev-
ery positive-probability state at both observed and
full market access.

Nonwviable The specification can be solved numerically, but it Reported as a diagnostic
violates the state-by-state positive-operating-profit boundary but excluded
condition in at least one positive-probability state. ~ from  the  robustness

ranges.

No-match The specification cannot reproduce the platform Reported as a diagnostic

R&D moment over the global search for the

boundary but excluded

innovation-efficiency parameter 7. from  the  robustness

ranges.

The analysis contains 37 specifications—the benchmark, 27 valid alternatives, 5 nonviable
cases, and 4 no-match cases. The results are comparative calibration ranges rather than confi-
dence intervals.

B.2 Rival Entry and Commercialization

Every valid specification generates a commercial-entry threshold . This threshold is distinct
from the rival-innovation threshold x!: the former marks the point at which entry becomes
commercially viable, whereas the latter, when it exists within the feasible access range, marks
the point at which rival innovation becomes privately profitable. The location of k¥ is generally
stable around its benchmark value, except when the fixed entry cost Fg is varied directly.

As shown in Table excluding the alternative selections of Fg, the valid specifications
place the entry threshold between 0.200 and 0.273, compared with the benchmark value of
0.234. When the observed-effective-market-access value is lowered from its measured value of
0.47 to 0.40, the calibrated entry threshold falls to 0.200. When observed access is instead set
to 0.55, the threshold rises to 0.273@

9This fixed entry costs again satisfy inherited non-entry and post-DMA entry. Its midpoint is used unless
itself is varied.
29The observed 2 % rival market share target is held fixed in both exercises. If the same share is observed at

68



Other valid changes, including household substitution between digital and non-digital con-
sumption, within-digital substitution, downstream digital dependence, platform foreign own-
ership, the household digital-expenditure target, the platform operating margin, the platform
R&D target, and relative rival productivity, leave the entry threshold relatively close to the
benchmark. However, the threshold is substantially more sensitive to the fixed entry cost
Fr. Selecting the tenth percentile of the identified Fr interval lowers the entry threshold to
k¥ = 0.057, while if we select the ninetieth percentile, k¥ would rise to 0.421.

The existence of a distinct commercial-entry threshold is stable, but the amount of effective
market access required to cross it depends largely on a fixed cost that is only set-identified by
inherited non-entry and observed post-DMA entry conditions.

Table B.2: Sensitivity of Rival Entry and Commercialization

Sensitivity input Alternative xF  Full-access rival market share (%)
Benchmark All benchmark values 0.234 4.10
Household demand, production, and ownership

Digital-non-digital substitution, o 0.25 0.234 4.10
Digital-non-digital substitution, o 0.70 0.234 4.10
Within-digital substitution, op 6 0.232 7.82
Digital intermediate-input share, ¢ 0.10 0.238 4.12
Digital intermediate-input share, ¢ 0.20 0.237 4.11
Platform foreign ownership share, ¢ 0 0.234 4.10
Platform foreign ownership share, ¢ 0.50 0.234 4.10
Household digital-expenditure target, S(’;'I 1.5% 0.234 4.10
Household digital-expenditure target, S 3.0% 0.234 4.10
Market calibration and entry conditions

Inherited platform operating profit, vpg 0.30 0.236 4.58
Platform R&D-to-revenue target 6.0% 0.236 4.10
Observed rival market share target, s%bs 1.5% 0.236 3.10
Observed rival market share target, s%bs 2.5% 0.232 5.94
Observed effective market access, HTbS 0.40 0.200 5.25
Observed effective market access, Ii(l)bs 0.55 0.273 3.54
Inherited effective market access, kg 0.008 0.231 4.10
Inherited effective market access, ko 0.030 0.243 4.10
Relative rival productivity, Aro/Apo 1.00 0.236 4.10
Entry-cost selection 10th percentile 0.057 4.10
Entry-cost selection 90th percentile 0.421 4.10

Notes: All rows reported in this table are valid specifications. The full access rival market share is the
expected equilibrium rival expenditure share at k1 = 1. Nonviable and no-match specifications are reported

separately in Table

The last column of Table reports the rival’s expected market share at full market access
and summarizes its commercialization, conditional on entry. The fixed entry cost largely deter-
mines whether and when the rival enters. Conditional on entry, moving Fr from the tenth to
the ninetieth percentile leaves the expected full-access rival share unchanged at its benchmark
value.

Post-entry commercialization is instead more sensitive to the access—share calibration and to
within-digital substitution. Matching a 2 percent rival share at Iicl)bs = 0.40, which is below the
benchmark observed-access value, produces a full-access rival market share of 5.25%. Matching

a lower level of effective market access, the calibration requires a stronger inherited relative-demand position for
the rival. The rival can support entry at a lower access level. On the contrary, matching the same share at a
higher observed-access value implies a weaker inherited relative-demand position and raises the entry threshold.
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the same 2 percent share at /i‘fbs = 0.55 reduces the full-access share to 3.54%. Similarly,
changing the rival market share target at the benchmark observed access n‘fbs = 0.47 from
1.5% to 2.5% would expand rival market share at full access from 3.1% to 5.94%. Greater
substitutability between the two digital services also strengthens the rival’s commercialization
response and helps it reach a 7.82 % market share at full access. The remaining valid alternatives
leave the rival market share at full access unchanged or close to the benchmark.

Figure shows how the entry threshold kg changes across alternatives. The sensitivity
results reinforce the model’s distinction between entry and commercialization. The fixed entry
cost primarily determines where the market shifts from Regime I to Regime II. Conditional on
entry, the rival’s subsequent commercialization is governed mainly by the substitutability of the
two digital services and the access-share combination.

oA ® Benchmark
op L]
A °
¢ °
SH 1 ®
Vpo 7 ®
Platform R&D share [
Sgbs 4 o
K9S 0
Ko oo
Aro/Apo [
Fr selection 4
B [
A )
Cr 1  —
n branch - L
0.65 O.I10 0.|15 O.|20 0.|25 O.éO O.I35 0.I40

Commercial-entry threshold k&

Figure B.1: Sensitivity of the commercial-entry threshold. Each horizontal segment reports
the minimum and maximum valid threshold generated by the alternatives. The dashed vertical line
denotes the benchmark. Nonviable and no-match specifications are excluded.

B.3 Innovation Responses

Innovation combines responses from both the rival and the platform. We focus on analyzing
alternatives, including whether the rival crosses from Regime II into Regime III and whether
the platform’s innovation response remains positive.

Rival innovation. In benchmark calibration, rival remains in Regime II through full market
access. But this is not universal across all alternatives—nine valid alternatives generate an
I o B
commercial entry might not naturally induce rival innovation.

interior rival-innovation threshold. And k in each of these cases. Therefore, rival

Twenty-six out of twenty-eight valid specifications place the observed market (k = 0.47)
in Regime II, while recalibrated (g = 2.5 and (g = 3 specifications place it in Regime IIIE

2IThis count does not include the less-disadvantaged-rival path, which does not preserve the observed 2% rival
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Whether the economy enters Regime III is related to within-digital substitutability, inherited
market position, rival commercial scales, household discount factor, and rival innovation capac-
ity. Raising the within-digital elasticity to op = 6 gives s/ = 0.535. Increasing the observed
rival-share target to 2.5% generates k! = 0.843. Raising the platform operating profit to 0.30
gives k! = 0.892, and matching the 2% rival market share at x$*® = 0.40 gives k! = 0.905.
These alternatives make rival innovation attainable when effective market access x is higher,
while leaving the observed market in Regime II.

Raising the inherited platform operating profit share from vpy = 0.22 to 0.30 increases the
platform productivity Apg. Because the exercise holds Arg/Apy = 0.95 fixed, inherited rival
productivity also rises. The resulting improvement in rival operating profitability raises the
marginal return to cost ratio of disruptive innovation to a level larger than one at a sufficiently
high effective market access. The rival-innovation threshold falls in the feasible range at x! =
0.892.

The rival-specific innovation capacity moves the innovation threshold more substantially.
Actual observed market lies just below the innovation threshold at (g = 2 and above it at
(r = 2.5 and 3. The upper root of the platform R&D calibration equation provides a separate
branch-sensitivity check. Selecting the larger root n = 207.6854, recalibrating qro and Fg gives

kP =0.232, k! =0.612.

Table B.3: Sensitivity Results for Rival and Platform Innovation

Alternative k! Regime at observed access Rpgp(l) Az (%) Azs (%)
Benchmark —— Regime II 0.949 2.18 2.66
ocp =6 0.535 Regime II 1.612 4.19 4.88
vpo = 0.30 0.892  Regime 11 1.102 2.81 3.37
soPs =2.5%  0.843  Regime II 1.152 2.69 3.29
K{PS = 0.40 0.905 Regime II 1.087 2.18 2.66
8 = 0.90 0.942 Regime 11 1.052 2.00 2.42
¢(r =20 0.486  Regime I1 1.898 2.18 2.66
(pr =25 0.428 Regime III 2.150 2.16 2.64
¢(r=3.0 0.390 Regime III 2.366 2.15 2.63
Upper n root 0.612 Regime II 1.537 1.58 1.89

Notes: A dash means that rival disruptive innovation remains zero boundary throughout [ko,1]. Rrp(1) is
the rival’s disruptive marginal-benefit-to-cost ratio at zero investment and full market access. A value above
one implies an interior rival-innovation threshold. Platform investment changes are measured relative to each
alternative’s own no-improvement equilibrium. The table reports the benchmark and all valid specifications
with an interior rival innovation threshold.

Figure [B.2) reports the rival’s disruptive marginal-benefit-to-cost ratio at full access. Values
above one imply that an interior innovation threshold exists.

Platform innovation. The positive platform innovation in both incremental and disruptive
directions is not an implication of the theoretical model, but it is stable across all valid alter-
natives.

At the observed market, platform incremental innovation rises by 1.15 to 4.19 percent relative
to each alternative’s own no-improvement equilibrium, and platform disruptive investment rises

market share.
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Table B.4: Changes in Rival Innovation Capacity

(R K kD sr(s™) (%) sr(1) (%) Pr(rp = 1|K9%) (%) Pr(€rp =111) (%)

1.0 0.234 - 2.000 4.101 0.00 0.00
2.0 0.234 0.486 2.000 6.648 0.00 46.87
25 0.234 0.382 2.496 7.215 17.37 57.42
3.0 0.234 0.315 2.884 7.594 31.03 64.47

Notes: Unlike the recalibrated (r exercises in Table this diagnostic holds gro and Fr at their benchmark
values. The observed rival share is allowed to change with innovation capacity. A dash means that disruptive
innovation remains zero throughout [ko, 1].
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Figure B.2: Sensitivity of rival disruptive innovation. Each segment spans the valid values
of the rival’s disruptive marginal-benefit-to-cost ratio at zero investment and full market access. The
dashed vertical line is the benchmark. A ratio above one implies that rival disruptive innovation becomes
privately viable.
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by 1.88 to 4.88 percent. At full market access, the corresponding ranges are 2.22 to 12.86
percent and 3.63 to 16.38 percent. This supports the benchmark interpretation that a decline
in platform profit need not imply weaker platform innovation incentives.
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Platform disruptive-investment change at observed access (percent)
Figure B.3: Sensitivity of platform disruptive innovation at observed access. Each

horizontal segment spans the valid percentage changes in platform disruptive investment relative to the
corresponding no-improvement equilibrium. The dashed vertical line is the benchmark.

Table B.5: Sensitivity of Platform Innovation in Both Directions

Platform innovation direction Observed access Full access

Benchmark Valid range  Benchmark Valid range

Incremental 2.18%  [1.15, 4.19]% 4.21%  [2.22, 12.86]%
Disruptive 2.66% [1.88, 4.88]% 5.21%  [3.63, 16.38]%

Notes: Entries report percentage changes relative to each specification’s own no-improvement equilib-
rium. The ranges include the benchmark and all valid one-at-a-time alternatives and exclude nonviable
and no-match specifications.

B.4 Welfare

Every valid specification yields a positive consumption-equivalent (CE) welfare gain at both
the observed and full-market-access levels. At observed access, ACE ranges from 0.063% to
0.277%. And at full access, CE is increased by 0.140% to 0.857% across different specifications.
The benchmark values are 0.222 and 0.470 percent, respectively.

The lower end of the welfare is driven mainly by the digital intermediate-input share .
Reducing ¢ from 0.30 to 0.20 lowers the welfare gain at the observed access to 0.131%. If it
is reduced further to 0.10, welfare would increase by only 0.063%. Foreign ownership directly
changes domestic incidence and welfare. When ¢ = 0, all platform profit accrues domestically.
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The decrease in platform profits dampens aggregate welfare gains to 0.105% at observed access
and 0.228% at full access. The upper end of the welfare is generated by op = 6, in which
greater within-digital substitutability strengthens commercialization, activates rival innovation,
and raises the full-access welfare gain to 0.857%.

The rival’s market position substantially affects welfare. At observed access, if we vary the
rival market share target from 1.5% to 2.5%, the welfare gains would change from 0.167% to
0.277%. On the contrary, the entry cost does not affect welfare gains as largely as it affects
the entry threshold—the tenth- and ninetieth-percentile Fr selections produce observed-access
welfare gains of 0.238 and 0.207 percent, respectively.

Table B.6: Sensitivity Results for Welfare

Alternative CE at observed access (%)  CE at full access (%)
Benchmark 0.222 0.470
t=0.10 0.063 0.140
t=0.20 0.131 0.285
¢ =0 0.105 0.228
¢ =0.50 0.172 0.366
595 = 1.5% 0.167 0.358
595 = 2.5% 0.277 0.656
op=~6 0.237 0.857
Fr: 10th percentile 0.238 0.485
Fr: 90th percentile 0.207 0.454
Upper 7 root 0.194 0.583

Notes: Consumption-equivalent welfare changes are measured relative to each specification’s own no-
improvement equilibrium. All rows are valid specifications. The ¢ alternatives only change the domestic
incidence of platform profit without changing the underlying commercialization mechanism.
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Figure B.4: Sensitivity of welfare at observed access. Each horizontal segment spans the
valid consumption-equivalent welfare changes produced by the alternatives for the reported input. The
dashed vertical line is the benchmark.

B.5 Robustness of the Diagnostic Exercises

Alternative Paths for Narrowing Inherited Rival Gaps. The main less-disadvantaged-
rival path closes the benchmark quality and productivity gaps by the same fraction. To test
whether the results depend on that same ratio restriction, I close the quality gap and the
productivity gap separately while holding all remaining benchmark primitives fixed.

Table B.7: Sensitivity to the Path Used to Narrow Inherited Rival Gaps

Path plFA - plobs pF0 %0

Quality gap only 0.0153  0.2307 - 0.9473
Productivity gap only - - - -
Equal fractional closure of both gaps 0.0151 0.2262 0.9450 0.9440

Notes: pPF4 and p°P® are the fractions of the specified benchmark gap(s) that must be closed for

disruptive innovation to become viable at full and observed market access. p° is the fraction at which

50

entry becomes viable already at inherited access. p°" is the fraction at which the expected rival share

reaches 50 percent at full access. A dash means the outcome is not reached on [0, 1].

The quality-only path is close to the main joint path, which I implement and report in the
main text. Closing 1.53% of the benchmark quality gap (with productivity gap fixed) would
incentivize the rival to innovate at full market access, and closing 23.07% would let the rival
start innovation at the current observed market. By contrast, closing the entire benchmark
productivity gap while holding the quality gap fixed does not make rival innovation viable
throughout the valid range of effective market access. This path does not support rival entry
at the inherited stage nor generate 50 percent rival market share at full access.

These asymmetric results show that the equal fractional closure path is dominated by the
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closure of the relative-demand gap rather than the productivity gap. In fact, these reflect the
benchmark calibration: the inherited quality gap is large while the rival productivity reaches
95% of the platform’s. It does not support a general claim that quality always matters more
than productivity.

Figure[B.5|varies the two gap-closure fractions independently and classifies the observed mar-
ket. The main path is the diagonal p, = p4. Across the viable region, the Regime-II/Regime-III
boundary is nearly vertical: closing roughly one-quarter of the benchmark quality gap is suf-
ficient to activate rival innovation at observed access, whereas productivity-gap closure alone
is not. The gray area identifies combinations with strong demand but insufficient productivity
that violate the positive operating-profit condition.

Observed-Market Regime Under Alternative Inherited-Gap Closures
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Figure B.5: Observed-market regimes under alternative inherited- gap closures. The
horizontal and vertical axes independently vary the fractions of the benchmark quality and productivity
gaps that are closed. The dashed diagonal is the main less-disadvantaged-rival path. Gray cells are
operationally nonviable. Regime I does not appear among viable cells because observed market access
already supports entry at the benchmark point.

Sensitivity of the Share-Gap Accounting Diagnostic The benchmark accounting de-
composition assigns 19.4 percent of the log-odds distance to the 50-50 reference to the remain-
ing market-access term and 80.6 percent to the inherited relative-demand term. To test its
robustness, I vary the observed rival share from 1.5 to 2.5 percent and observed access from
0.40 to 0.55.

Across different combinations of observed rival market share and observed access, the
market-access component accounts for the gap from 14.3% to 25.0%, corresponding to the
contribution from the relative-demand component 85.7% to 78.1%. Therefore, the 19.4/80.6
split is measurement-dependent. But we can also see from Table that the qualitative
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Table B.8: Sensitivity of the Share-Gap Accounting Decomposition

Observed rival share (%) Observed market access Market-access component (%) Relative-demand component (%)

1.5 0.40 21.9 78.1
1.5 0.47 18.0 82.0
1.5 0.55 14.3 85.7
2.0 0.40 23.5 76.5
2.0 0.47 19.4 80.6
2.0 0.55 15.4 84.6
2.5 0.40 25.0 75.0
2.5 0.47 20.6 79.4
2.5 0.55 16.3 83.7

Notes: Components are shares of the total log-odds distance from the observed rival share to the 50-50
reference.

accounting result is stable. The relative-demand component represents the majority of the
observed log-odds distance to the 50-50 reference.

Market-Access Component of the Accounting Share Gap
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Figure B.6: Sensitivity of the market-access component of the share-gap decomposi-
tion. The color scale reports the percentage of the total log-odds distance to the 50-50 reference repre-
sented by the current market-access term. The point marks the benchmark pair (s, k%) = (0.02,0.47).

Calibration Boundaries and Numerical Validation The failed alternatives help iden-
tify the admissible quantitative domain. Four specifications cannot match the platform R&D-
to-revenue target over the global n search interval. Five specifications match the calibration
moments but violate operational viability in at least one positive-probability state.
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Table B.9: Calibration and Operational-Viability Boundaries

Input Value  Status Diagnostic interpretation

Platform R&D share 10.0% No match The platform R&D-to-revenue moment cannot
be matched on the global 1 search interval.

A 0.90 No match  The platform R&D-to-revenue moment cannot
be matched on the global 1 search interval.

é 0.08 No match  The platform R&D-to-revenue moment cannot
be matched on the global 1 search interval.

YD 2.0 No match  The platform R&D-to-revenue moment cannot
be matched on the global 7 search interval.

op 2 Nonviable The rival has a negative operating profit in at

least one positive-probability state (minimum
profit -0.003).

vpo 0.18 Nonviable The rival has a negative operating profit in at
least one positive-probability state (minimum
profit -0.043).

Agro/Apo 0.90 Nonviable The rival has a negative operating profit in at
least one positive-probability state (minimum
profit -0.047).

) 0.18 Nonviable The rival has a negative operating profit in at
least one positive-probability state (minimum
profit -0.077).

YD 3.0 Nonviable The rival has a negative operating profit in at
least one positive-probability state (minimum
profit -0.018).

The maximum innovation best-response error is 5.26 x 10~'2. Solving the innovation game
at observed and full access produces a maximum strategy deviation of 9.02 x 1072, The
maximum labor-market residual is 4.44 x 1076, The smallest rival operating profit among
valid specifications is 0.00738. Even though these diagnostics do not establish global uniqueness
of the strategic equilibrium, they show that the reported branch is numerically stable in the
sensitivity analysis.

Appendix C Measuring Effective Contestability

This appendix summarizes the effective-contestability measure used in the quantitative analysis.
The complete methodology, indicator definitions, scoring manual, source documentation, and
validation exercises are presented in the companion contestability paper (Cheng et al., [2026)).

The unit of assessment is a particular core platform service, gatekeeper, jurisdiction, and
date. For the present application, it is app distribution on Apple devices in the European
Union. The framework distinguishes between de jure contestability, denoted by (x{), and de
facto contestability, denoted by (Hf ). The former captures the extent to which laws, regulations,
enforceable commitments, and formal platform obligations establish opportunities for rivals to
compete. The latter captures the extent to which those opportunities can be exercised in
practice.

Both layers evaluate four dimensions: user mobility and switching; rival access and distribu-
tion; platform conduct and neutrality; and data, interoperability, and ecosystem access. Each
dimension is scored on a normalized scale from zero to one using paired de jure and de facto
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indicators. The benchmark assigns equal weight to the four dimensions. A score of zero repre-
sents the absence of the relevant formal or practically usable opportunity, while a score of one
represents the corresponding full-contestability benchmark. Effective contestability combines
the two layers multiplicatively:

Kt = Ky KL (C1)

The product reflects complementarity between formal protection and practical implemen-
tation. Comprehensive formal obligations create little effective access if challengers cannot
exercise them, while favorable practices provide a less secure competitive opportunity if they
are not supported by binding requirements. Unlike an arithmetic average, the product does not
allow a high score in one layer to compensate mechanically for a severe shortfall in the other.

The index excludes entry, market shares, revenue, profits, and innovation. These variables
are equilibrium outcomes that the model seeks to explain. For example, the installation pro-
cedure facing users may inform the de facto score, but the challenger’s resulting installation or
expenditure share does not. This separation avoids using the same outcome both to construct
contestability and to calibrate or evaluate the model.

Table reports the aggregate values used in the application.

Table C.1: Effective Contestability in EU App Distribution on iOS

Market state (x]) (kD) (Kt)
Pre-compliance baseline (0.18) (0.08) (0.0144)
Post-compliance observation (1.00) (0.47) (0.4700)

The post-compliance de jure score of one means that formal obligations address the access
channels included in the index; it does not imply that every aspect of app-store competition
is perfectly regulated. The de facto score of (0.47) captures the substantial practical frictions
that remain after formal coverage is established.

In the model, the dominant platform’s accessibility is normalized to one, and the measured
effective contestability enters directly as the challenger’s relative access weight. Let (ﬁjt =
P;j/q;t) denote supplier (j)’s quality-adjusted price. Conditional on challenger entry, the digital

price index is

1
Py = | Bp7P + maPpy 72| 70 (C.2)

Equivalently, the coefficient on the challenger term in the primal CES composite is (/@i fop ).

The challenger’s expenditure-share odds are

ﬁ 1—op
SRt _ Ky <~Rt) . (C.3)

1_$Rt Ppt

Thus, (k) determines relative commercial accessibility, but it does not determine entry or
market share on its own. Those outcomes also depend on prices, quality, productivity, and
entry costs. The equality between the measured index and the model’s access weight is a
normalization that avoids introducing an unidentified transformation between them.

Finally, the observed values of (x;) describe market states rather than regulatory choices.
The counterfactual exercise varies effective contestability to compare equilibrium outcomes

79



across alternative access environments; it does not estimate a policy-response function link-
ing particular legal obligations to (k).

Appendix D Quantitative Application

Although the institutional setting is motivated by the DMA, the quantitative exercise addresses
the broader class of conduct-based ex ante regulations that seek to improve market access and
effective contestability without directly determining entry or market structure.

I apply the model to mobile app distribution on Apple devices in the European Union for
three reasons. First, the importance of mobile app distribution extends beyond the consump-
tion of digital services. Burley and Fradkin (2025) estimate that physical goods and services
accounted for $1.014 trillion, or 78 percent, of the billings and sales facilitated by the global
App Store ecosystem in 2024. In Europe, physical goods and services accounted for $109 billion
of the estimated $148 billion total. These transactions span general retail, travel, food delivery,
groceries, and ride-hailing. This evidence motivates the model’s treatment of digital services as
an input into non-digital economic activity: changes in the accessibility, quality, and innovation
of app-mediated services can affect production and commercialization well beyond the digital
sector.

Second, the market provides a particularly clear mapping between the model and its empiri-
cal application. The dominant platform corresponds to the incumbent app-distribution channel,
while the rival represents an alternative app store or distribution provider. Effective contestabil-
ity captures the rival’s practical ability to reach users, and the model’s entry, commercialization,
quality, productivity, and innovation decisions have direct counterparts in the app-distribution
market. The use of digital services by the non-digital sector captures, in reduced form, the role
of app distribution in delivering productive digital tools to businesses.

Third, mobile app distribution provides comparatively rich quantitative evidence. We can
combine longitudinal information on market outcomes, transactions, and usage, commission
structures, developer activity, challenger entry, platform financial performance, and firm-level
research and development with the evidence collected through the contestability analysis. Input-
output data and evidence on business use of digital services can further discipline the strength
of the linkage between digital innovation and non-digital production. Although market-specific
innovation expenditures and the exact magnitude of this linkage remain imperfectly observed,
the available evidence permits a more disciplined quantitative application than is currently
possible for many other digital markets.
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