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Abstract

On-demand service platforms connect customers with independent service providers
(agents) by competitively setting service prices and wages. Mergers between on-demand
service platforms have recently become prevalent, resulting in antitrust debates. A merger,
although reducing competition, enables the agents on previously separate platforms to serve
all the customers. In this paper, we develop a game-theoretical model to analyze the impact
of a merger between two platforms. The two platforms compete on prices and wages before
the merger but are managed by a single firm after the merger. We show that a merger not
only creates pooling benefits but also enhances the cross-side network effect (i.e., customers
benefit from more agents and vice versa). As a result, it can lead to a win-win-win out-
come where the platforms’ profits, consumer surplus, and labor welfare all improve after a
merger. The win-win-win outcome is more probable if the pre-merger market is less satu-
rated, or if the market is more differentiated on the customer/agent side. Interestingly, a
stronger within-side congestion effect may either strengthen or weaken a merger’s potential
to benefit customers. Additionally, we show that a merger is less likely to improve consumer
surplus and labor welfare if there are more multi-homing agents in the market, and that it is
more likely to benefit labor welfare if there is less cross-side price transparency. Our results
provide guidelines for antitrust policymakers to evaluate the impact of a merger between

on-demand service platforms.
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sharing economy

1 Introduction

Mergers and acquisitions are becoming a critical business strategy for companies looking to
expand into new markets, increase their competitiveness, and reduce costs. Of the different types

of mergers, horizontal mergers, involving two firms competing in the same market, are often
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of concern to antitrust agencies because they may lessen competition substantially and harm
consumers (U.S. Federal Trade Commission, Guide to Antitrust Laws). Extant research has
focused on horizontal mergers in conventional industries (see Whinston 2007 for a comprehensive
review). However, the current research lacks several key elements needed to analyze increasingly
common horizontal mergers in the rapidly developing sharing economies.

On-demand service platforms, a major type of sharing-economy platforms, connect cus-
tomers in need of a service with independent service providers (agents) who self-schedule their
supply. These platforms exhibit two main features: (i) The services provided are often time-
sensitive; (ii) the platforms set both service prices and wages to attract customers and agents,
respectively, and earn revenue when a customer and an agent are matched (see Zhang et al.
2022 for a comprehensive summary of platforms setting both prices and wages). For example,
food delivery platforms (e.g., DoorDash and Uber Eats) connect independent food couriers with
customers; ride-hailing platforms (e.g., Lyft and Uber) match drivers and riders; car sharing
platforms (e.g., GetAround and Turo) connect car owners and car renters.! In recent years,
mergers between on-demand service platforms have become prevalent. Examples are abundant.
For food delivery services, two major companies in the United States (US), Postmates and Uber
Eats, merged in 2020 (Gandotra 2020), and Delivery Hero sold its operations in Germany to its
Dutch competitor Takeaway.com in 2018 (Dealroom 2018); car sharing platforms, GetAround
and HyreCar, joined together in 2023 (PYMNTS 2023); in ride-hailing markets, Didi Chuxing
and Grab have acquired Uber’s operations in China and Southeast Asia, respectively (Abkowitz
and Carew 2016; Russell 2018).

Debates have arisen regarding the impact of mergers between on-demand service platforms.
On the one hand, mergers reduce market competition, raising antitrust concerns such as po-
tential increases in service prices. On the other hand, merged firms typically enable agents
to serve all the customers from previously separate platforms, thereby gaining an advantage
from resource pooling. For example, after the Postmates-Uber Eats merger, Postmates drivers’
accounts are linked with Uber Eats such that “instead of pulling orders from one platform, they
may now accept orders from either” (Helling 2023). As such, agents have more opportunities
to make money, and customers have access to more agents to fill their demand in a timely
manner. As Helling (2023) commented, “some sources argue that the customer suffers from the
merger [...] A lawsuit [was] filed that claimed customers are paying artificially inflated prices
for food. However, not much attention has been drawn to any divergence in customer service

now compared to customer service before the merger. Those that use the delivery apps report

"However, peer-to-peer rental platforms (e.g., Airbnb), crowdsourcing platforms (e.g., CrowdSpring and 99de-
sign), and traditional C2C platforms (e.g., Taobao and eBay) are beyond the scope of our research, since for
these platforms, prices or wages are not typically set by platform operators and matching does not necessarily
need to be fast.



satisfactory levels of customer service.”

To analyze the impact of mergers between on-demand service platforms, several key features
of these platforms need to be considered. First, because services are time-sensitive, customers
care about waiting times when choosing which platform to use. With all else equal, a customer
will wait less and obtain a higher utility from a platform if more agents are available on the
platform; on the other hand, the customer will wait longer if more other customers are requesting
services, resulting in greater congestion on the platform. We refer to the above features as
a positive cross-side network effect and a negative within-side congestion effect, respectively.
Second, self-scheduling agents, unlike full-time employees in traditional firms, get paid only when
they fulfill a customer order, and so agents care about work opportunities on a platform. Similar
to the two effects on the customer side, agents will expect more work opportunities and thus more
earnings from a platform if there are more customer orders or fewer competing agents on the
platform. Last but not least, as mentioned above, the post-merger firm usually enables agents
to serve customers on previously separate platforms. This merger-enabled resource pooling has
a crucial impact on the aforementioned network effects, since after a merger, customers may
have access to more agents, and agents have more work opportunities.

In this paper, we develop a game-theoretical model that captures all the above features. In
the pre-merger market, two platforms compete on prices and wages. Customers decide which
platforms to use, taking into account their preferences, prices, and network externality, and
agents decide which platforms to work for based on their preferences, wages, and the proba-
bilities of getting jobs, i.e., utilization rates. After a merger, the two platforms are centrally
managed by a post-merger firm, and moreover, agents are pooled together to serve the cus-
tomers on both platforms. By comparing the equilibrium solutions in the pre- and post-merger
scenarios, we find that a merger, although reducing competition, may improve consumer surplus
and labor welfare, because of the post-merger resource pooling and the cross-side network effect.

The contributions of our work are summarized as follows. First, to our knowledge, this is
the first paper that highlights the welfare implications of platform mergers with a post-merger
pooling effect. The extant literature has established that in a single-sided market, a merger
can improve consumer surplus if it leads to an exogenous and sufficiently high cost synergy
(e.g., Farrell and Shapiro 1990; Whinston 2007).2 However, in our setting, the “cost synergy”
arises endogenously from resource pooling and the dynamics of the agent-side market. We
provide conditions under which this endogenized synergy is sufficient for a merger to result in

a win-win-win outcome where the platform profits, consumer surplus, and labor welfare are all

2A few papers consider the merger between two-sided platforms that charge fees to users on both sides (e.g.,
Chandra and Collard-Wexler 2009; Correia-da Silva et al. 2019). However, on-demand service platforms charge
prices for customers but pay wages to agents, and feature a within-side congestion effect.



improved. In particular, the win-win-win outcome is more probable if the pre-merger market is
less saturated, or if the market is more differentiated on the customer/agent side.

More interestingly, with a stronger within-side congestion effect, the impact of a merger on
consumer surplus may vary due to two competing forces. First, a stronger congestion effect
reduces the pre-merger market saturation, making the merger more likely to improve consumer
surplus. On the other hand, an increase in price leads to less congestion which partially counter-
acts the negative impact on customer utility. This stronger congestion effect results in customers
being less sensitive to price, enabling the merged firm to extract consumer surplus more effec-
tively. Consequently, a stronger congestion effect may either amplify or attenuate a merger’s
potential to benefit customers.

Furthermore, as a merger reduces competition on both sides, one might expect prices to
increase and wages to decrease after a merger. However, we show that although the price
increases after the merger, the merged firm may offer a higher wage in some cases because a
higher wage attracts more agents and helps expand the post-merger market.

Additionally, with several model extensions, we find that a merger is more likely to be
welfare-improving if fewer agents are multi-homing in the pre-merger market, if prices and
wages are not observable to agents and customers, respectively, or if more customers or agents
are loyal to each platform.

The rest of the paper is organized as follows. In §2 we review related literature. We
introduce our model settings in §3. In §4 we present our analysis and results. In §5 we discuss
several extensions of our base model. We conclude our paper in §6. Proofs are presented in the

Appendix of the online supplement.

2 Literature Review

There has been a growing literature on the implications of sharing economy platforms such as
the impact of ride-hailing platforms on traditional transportation services (Yu et al. 2020), the
economic and societal impact of home sharing platforms (Zervas et al. 2017; Han et al. 2022), the
welfare implications of peer-to-peer rental markets (Abhishek et al. 2021), and the co-opetition
between ride-sharing platforms and car rental businesses (Zhang et al. 2023). Numerous papers
have developed analytical models to examine various pricing and operations strategies from a
monopolistic platform’s perspective such as surge pricing (e.g., Cachon et al. 2017; Hu et al.
2021), spatial pricing (Bimpikis et al. 2019), flat commissions (Chen and Hu 2020), dynamic
payout ratios (Bai et al. 2019), and allocation mechanisms (Lu et al. 2023). Other works examine
the impacts of various relevant factors, such as delay sensitivity (Taylor 2018), forward-looking
behavior (Chen and Hu 2020), matching mechanism (Feng et al. 2021), labor pool size (Benjaafar

et al. 2021), etc. Unlike the aforementioned studies focused on a monopoly platform, our paper



studies two competing platforms and highlights the impact of a merger between platforms on
consumer surplus and labor welfare.

More relevant to our paper is the literature considering price and wage competition between
on-demand service platforms. Cohen and Zhang (2022) analyze the impact of introducing a
new joint service between two competing platforms, and show the existence of a profit-sharing
contract that benefits both platforms. Bai and Tang (2022) study a case in which two on-
demand platforms engage in Bertrand competition for customers and single-homing agents who
possess a homogeneous preference for both platforms. In their model, only one platform can
sustain profitably, and the other firm earns zero profit in equilibrium. Wu et al. (2020) further
add a sequential subgame between customers and agents, and propose useful refinement rules
for multiple equilibria. They also find that only one platform can have a positive market share
in equilibrium. Different from these papers, we consider two platforms that engage in price and
wage competition for customers and agents with heterogeneous preferences for the platforms.
In our model, both platforms can earn positive profits in the pre-merger competition. More
importantly, our analysis is focused on how the platform profits, consumer surplus and labor
welfare change as two platforms merge; the implications of mergers are not discussed in the
above papers.

Among the works that study competition of on-demand service platforms, our work is most
relevant to a subgroup of papers that analyze consumer surplus and labor welfare. Nikzad
(2020) considers a model where two platforms competitively determine the service price and
wage rate for customers and agents, respectively, and compares the monopoly and duopoly
settings. In his model, agents have homogeneous preferences for the two competing platforms
and are multi-homing. Benjaafar et al. (2020) analyze a similar case in which customers have
heterogeneous preferences for the two platforms, whereas agents are indifferent between the two
platforms and choose to multi-home. Our work, developed in parallel to and independently of
these two papers, analyzes a setting in which both customers and agents possess heterogeneous
preferences for two platforms. We also consider settings with single- and multi-homing agents.
More importantly, our analysis and results underscore two countervailing forces of a merger that
drive its welfare implications, i.e., a competition-reduction effect and an advantage of resource
pooling. As mentioned earlier, the tension between these two forces is in line with the antitrust
debates in practice, but it is not captured in the above two papers. Bernstein et al. (2021)
analyze a model on the competition on the customer side while assuming that agents are not
choosing between platforms,® and their focus is to analyze the impacts of surge pricing and

drivers’ multi-homing incentives on customers and agents, rather than the impact of mergers.

3More specifically, in their single-homing setting, each agent is dedicated to a certain platform; in the multi-
homing setting, all agents serve on both platforms. Hence, in both cases, platforms are not competing for agents.



More recently, Zhang et al. (2022) consider a setting in which both customers and agents have
heterogeneous preferences for two platforms, like ours. However, their focus is on the impact
of different wage schemes on platform profits and consumer and worker surplus. They show
that depending on the market characteristics, such as substitutability on the demand and supply
sides, each of the three wage schemes (i.e., fixed commission rate, dynamic commission rate, and
fixed wage) can be the best for consumers and workers. They also factor in cross-side network
effects, asymmetric demand/supply functions, and wage choices in the analysis. Compared
to Zhang et al. (2022), our model, instead of examining different wage schemes, is focused
on comparing the customer surplus and labor welfare before and after a merger while taking
into account the merger-enabled resource pooling. Additionally, our model captures not only a
positive cross-side network effect but also a negative within-side congestion effect.

In the economics and operations literature, some papers have studied horizontal mergers
in traditional production settings. Stigler (1950) uses a Cournot competition model to show
that the formation of a cartel tends to reduce competition and increase prices. Williamson
(1968) considers the cost synergies generated from economies of scale in mergers. He shows
that cost synergies may reduce prices and benefit consumers. This trade-off between reduced
competition and cost synergies has been the focus of many subsequent papers such as Perry
and Porter (1985), Farrell and Shapiro (1990), Whinston (2007), and Catalao-Lopes and Brito
(2021). In the field of operations management, several studies examine the implications of
mergers with focuses on operational factors, such as the supply chain structure (Cho 2013),
contract unobservability (Li and Liu 2020), inventory aggregation (Cho and Wang 2017), etc.
The above papers focus on production firms and examine the impact of mergers on consumer
surplus, whereas labor welfare is not considered. In contrast, our paper considers on-demand
service platforms that involve both customers and independent agents, and so we analyze both
the consumer surplus and labor welfare. Moreover, a typical assumption in the above literature
is that a merger results in an exogenous reduction in marginal production cost, also known as a
cost synergy, which drives the welfare implications of the merger. Nevertheless, our model does
not presume any cost synergy, but in some sense, a “cost synergy” arises endogenously from
the post-merger pooling effect.

Finally, another relevant stream of literature to our paper is on economics of two-sided
platforms (Caillaud and Jullien 2003; Rochet and Tirole 2003, 2006; Armstrong and Wright
2007; Hagiu 2006, 2009; Hao et al. 2017); see a comprehensive survey by Rysman (2009). This
literature typically considers platforms deciding on the fees charged to two groups of users (e.g.,
consumers and content providers). Several papers have analyzed competition and mergers
in this setting. For example, Armstrong (2006) study pricing strategies in three models of

two-sided markets: monopoly, competing platforms with single-homing agents, and competing



platforms with multi-homing agents. Chandra and Collard-Wexler (2009) study a merger of
two newspaper publishers with single-homing customers and advertisers. Correia-da Silva et al.
(2019) use a quantity competition model to examine horizontal mergers of two-sided platforms.
On-demand service platforms considered in our paper differ vastly from the platforms in the
above literature. First, on-demand service platforms pay wages to the agent side, instead of
charging fees. Moreover, besides the cross-side network effect, on-demand service platforms also

feature a negative within-side congestion effect.

3 The Model

3.1 Pre-merger Scenario

Consider two competing platforms, indexed by i = 1,2, that recruit independent agents (e.g.,
drivers for food delivery platforms) to provide on-demand services to customers. We consider a
two-sided market consisting of a population of potential customers and a population of potential
agents. Note that we focus on a relatively short period of time during which the potential
demand and supply are stationary. Denote by N the maximum customer arrival rate and K
the size of agent populations within the time period. Denote by p the average service rate (i.e.,
the number of services an agent performs on average within a unit time period). We focus on
a case in which the maximum arrival rate is smaller than the maximum possible service rate of
the system (i.e., N < Kpu) such that the system is not overly crowded if customers and agents
all use one platform. In the pre-merger scenario, the two platforms compete by choosing a
service price p; charged to customers for using a service and a wage level w; offered to agents
for completing a service. The prices and wages (p;, w;)’s will in turn determine the fraction of
customers (agents) actually using platform i, denoted by n; (k;), as will be detailed below.
Customers. Each customer demands a service and has a valuation v for the service. Platforms
in practice usually provide different mobile app features and loyalty programs. To capture
customers’ heterogeneous preferences for each platform, we adopt a Hotelling model (Hotelling
1929), which is common in the platform economics literature (e.g., Armstrong 2006; Bernstein
et al. 2021; Zhang et al. 2022). Specifically, we assume customers to be infinitesimal with a
“location” parameter x uniformly distributed over [0, 1]. Platforms 1 and 2 are located at the
two endpoints 0 and 1 of the Hotelling line. The location of a customer represents her taste
for each platform. A customer with location parameter x will incur a disutility of ¢tz [t(1 — z)]
if using platform 1 [platform 2], where ¢ > 0 is a unit cost of misfit. As such, a smaller x
represents a stronger affinity towards platform 1 versus platform 2.

As an important feature of on-demand service platforms, a customer’s utility from using

a platform is influenced by the actual demand and supply on the platform. For example,



a customer will wait longer if there are fewer available agents or more requests from other
customers on the platform, because a smaller number of agents or a larger number of other
customers will make it more difficult for the customer to match with a suitable agent. To
incorporate these network effects while keeping the model tractable, we introduce a network
externality term ¢; in the customer utility function for each platform 4, defined as a linear
function ¢; = k;Kpu — 0n;N. The first term of ¢; represents the effective amount of supply,
whereas the second term is the amount of demand on platform ¢ multiplied by a factor 6 € [0, 1].
When 6 = 0, ¢; reduces to the cross-side network externality as commonly adopted in the
platform literature (e.g., Rochet and Tirole 2003, 2006; Zhang et al. 2022); it captures the
positive cross-side network effect, i.e., customers benefiting from more supply. When 6 > 0, ¢;
further incorporates a within-side congestion effect; that is, as more customers request services
while the number of available agents is fixed, the platform is more congested and so each
customer will incur a disutility due to longer waiting time. The greater the 6, the stronger the
within-side congestion effect. Additionally, (; also captures economies of scale for platforms in
the sense that even if k; and n; increase by the same proportion, the network externality y; will
be larger. This captures the reality that matching a customer and an agent is easier when the
numbers of customers and agents are both larger.

In summary, a customer’s utility from using platform 4, denoted by Uf, depends on (i) her
valuation of the service v, (ii) her location parameter z, (iii) service price p;, and (iv) network

externality ;. Therefore, we have
U =v—tx—p1+bp, and U5 =v —t(1 — ) — pa + bya, (1)

where b > 0 represents the customers’ sensitivity to network externality. Customers maximize

their utility by choosing among three options: platform 1, platform 2, and an outside option

(e.g., cooking at home instead of ordering on a food delivery platform) of which the valuation is

normalized to zero. Note that each customer will make a service request via at most one platform

because customers are required to pay a cancellation fee if they withdraw an order that has been

accepted.? We assume that the value of network externality parameter b cannot be too large; i.e.,
o 101102+ Kp2)

7 _ . 277_} N . . .
b < b=min K Kji—No» R . Similar assumptions have been commonly adopted

in the literature on two-sided markets (see, e.g., page 674 of Armstrong 2006). The assumption
implies that the network externality cannot carry an exceedingly large weight in a customer’s

utility function compared to the service valuation and fit such that at least some customers

“See, e.g., https://www.businessinsider.com/guides/tech/how-to-cancel-postmates-order (accessed September
30, 2023). Recall that we focus on a short time frame. So, in the long term customers can be multi-homing in
the sense that they are free to register on both platforms, but in the short term they can make only one request
for service due to cancellation fees.


https://www.businessinsider.com/guides/tech/how-to-cancel-postmates-order

can receive a positive utility without network externality. If this assumption is violated, the
platforms’ profit functions will not be well-behaved, and so a pre-merger equilibrium may not
even exist.

Agents. Similar to the customer side, we assume that agents are infinitesimal, each with a
location parameter y uniformly distributed over a Hotelling line [0, 1]. The value of y reflects an
agent’s preference for platforms. Let [ > 0 be the agent side unit misfit cost. Then, an agent with
location parameter y will incur disutility of ly [I(1—y)] if working on platform 1 [platform 2]|. In
practice, there are non-earning differences between platforms that influence agent preferences.
For example, food delivery platforms have different payment processes and vehicle requirements.
DoorDash drivers can cash out for free with a prepaid debit card DasherDirect, whereas Uber
Eats drivers use Uber Pro Cards. Moreover, the two cards have different cashback reward
programs (Campbell 2023). When picking up an order at restaurants, Uber Eats drivers do not
need to pay whereas Postmates drivers pay with a special prepaid “PEX” card. To be a food
courier on Uber Eats, one must have a vehicle, whereas Postmates allows on-foot couriers (Doyle
2023). Because of these differences, agents may have heterogeneous preferences for platforms,
which is represented by the misfit cost [ in our model. We also note that the assumption of
heterogeneous agents has been adopted in the sharing economy literature (e.g., Zhang et al.
2022). In Appendix I, we show that if agents have homogeneous preferences for platforms,
there may not exist any pure-strategy Nash equilibrium in the platform competition under our
setting.

An agent’s actual earning on platform i depends on both wage rate w; and how much time
the agent is occupied. As in Bai et al. (2019) and Bernstein et al. (2021), we assume that
each agent on a platform has an equal probability of being assigned orders, and the agent
utilization rate (or the probability of an agent receiving an order) on platform i is given by
pi = (nilN)/ (ki K ).

An agent’s utility from offering service on platform ¢ depends on (i) wage level w;, (ii)
utilization rate p;, and (iii) his location parameter y. The expected utility of an agent operating

on platform 7, denoted by U{, is as follows:

Ul = wippr — ly, and Uy = wappz — (1 —y). (2)

Agents maximize their expected utility by choosing to operate on platform 1, platform 2, or
neither. If an agent chooses not to offer service at all, the agent will receive a zero utility. As

such, we will focus on the case in which agents are single-homing, i.e., being an available agent



on at most one platform.? Nevertheless, we will extend our analysis to allow multi-homing
agents in Section 5.1.

Note that although only customers directly enjoy the service valuation v, as v increases and
more customers join the platform, agents on this platform also become better off because of
the higher probability of getting a job. On the other hand, as more agents become available,
customers will benefit through increased network externality as well. This reflects a cross-side
network effect in our problem.

Platforms. The two platforms anticipate that customers and agents make choices to maximize
utility as described above, and they simultaneously determine their prices p;’s and wages w;’s

to maximize the following profit function:®

IL (ps, wilpj, wj) = (pi — w;) min{n; N, k; K i1}, (3)

where subscript j represents the rival of platform i (i = 1,2, j = 3 —14). Note that a transaction
is realized only when a customer is matched with an agent, and so the number of transactions is
equal to the minimum of supply and demand (i.e., min{n; N, k; K u}); see Zhang et al. (2022) for a
similar modeling approach. It is worth noting that the fraction of customers using each platform
n; is influenced by not only prices p; and ps but also the fraction of agents on each platform
k1 and ko through network externality ¢;, whereas the fraction of agents k; is influenced by not
only wages w; and wg but also the fraction of customers on each platform n; and ne through
utilization rates p;. As such, the demand and supply on each platform, or equivalently n; and k;,
are jointly determined by (p1, pa2, w1, w2); we will express (n;, k;) as implicit functions in Section
4.1. We can show that the price and wage selected by platform ¢ must satisfy n; N < k; Ky and
©; > 0 in any equilibrium (see Appendix C in the online supplement for the proof). Therefore,

the profit function in (3) is demand constrained in equilibrium.

3.2 Post-merger Scenario

In the post-merger scenario, the two platforms are managed by a central planner, which is
referred to as the merged firm and denoted by m. After a merger, platforms usually maintain
their brands and mobile apps separately while allowing agents to accept customer orders from

both platforms. For example, Postmates and Uber Eats merged in 2020 but still run separately;

5 Agents are restricted to single-homing for many practical reasons. For example, in Singapore, agents are
constrained by exclusivity arrangements such that they can only provide service on one ride-hailing platform
(Iwamoto 2018). On-demand food delivery platforms in China require agents (i.e., “drivers”) to work exclusively
for one platform (see, e.g., Hersey 2018). Besides, platforms often run loyalty programs to make agents better
off working for one platform continuously (Gridwise 2021).

SRide-hailing platforms in practice often set a commission rate instead of explicitly setting a wage rate. In
our model, having p; and w; as decision variables is equivalent to letting platforms determine a service price p;
along with a commission rate (p; — w;)/p;.

10



customers can still order through either the Postmates or the Uber Eats delivery app (Doyle
2023). Consistent with this practice, in the main paper, we focus on a setting in which the
merged firm retains two platforms located at endpoints 0 and 1 as before.” In the long term,
platforms might be able to re-brand themselves and migrate all the customers and agents to
a single platform. In Appendix D of the online supplement, we examine the case where two
platforms after the merger can reposition as a single brand and show that our main results
continue to hold.

The merged firm controls the prices and wages for both platforms. Without loss of opti-
mality, we consider the symmetric solution with a service price p,, and a wage w,, on both
platforms (i.e., p1 = pa = pp and w; = we = wy,); the optimality of symmetric solution is
formally proved in Appendix J. In contrast to the pre-merger scenario, the merged firm pools
agents to fulfill demand streams on both platforms 1 and 2. That is, an agent on each plat-
form can be assigned to the customers on both platforms 1 and 2. Thus, customers (agents)
experience a common network externality (utilization rate) regardless of which platform they
use. Let n,, = n1 + ng and k,;, = k1 + ko be the total fractions of active customers and agents,
respectively, where n; and k; can be obtained similarly as in the pre-merger model. We denote
the post-merger network externality and agent utilization by ¢1 = o = @ = kK — 00y, N
andm:ﬂzzpm:%-

This merged firm m determines its service price p,, and wage w,, to maximize the following

profit:
Hm(pm, wm) = (pm - wm) min{nmN7 kaM}' (4)

Similar to the pre-merger model, we also confirm that the optimal price and wage must satisfy

pm < 1 and ¢, > 0 (see Appendix C in the online supplement for the proof).

4 Results

Our focus is to investigate the impact of a merger on customer surplus (CS) and labor welfare
(LW). We will first solve for the equilibria in the pre- and post-merger scenarios, respectively,

and then compare the equilibrium outcomes in these two scenarios.

TAn alternative interpretation of the two-location post-merger model is that the post-merger firm combines
two apps as one but continues to offer the features previously available in both apps. In this case, although only
one app exists after a merger, customers and agents will still enjoy the features that best suit their preference,
i.e., choose either 0 or 1 on the Hotelling line that maximizes their utility. For instance, agents will opt for their
preferred payment methods if both payment options, previously offered by the two platforms, remain available
after a merger.

11



4.1 Demand and Supply Functions

We will derive demand and supply functions in this section. We say that the customer (agent)
market is fully covered if none of the customers (agents) choose the outside option; otherwise,
we say the market is partially covered. Depending on the prices and wages, the customer or the
agent market may or may not be fully covered. We will use the symbol “F” (“P”) to represent
full (partial) coverage of a market. In general, there are four cases depending on the market
coverage of the customer and agent markets: full coverage of both markets (case FF), partial
coverage of the customer market with full coverage of the agent market (case PF), full coverage
of the customer market with partial coverage of the agent market (case FP), and partial coverage
of both markets (case PP).

From equations (1)-(2), we can derive the fractions of customers and agents on platform ¢

in the pre-merger scenario as the following implicit functions:

(3 pomisblaen |4 s} it52 () g+ ) 2 52w > 1 [FF
(ni ) = (v_pi;rb% 1y wl”plmwjupj) if 22 (v —pi +by;) < t, Z‘%:lwmpi > 1 [PF],
<% _ pi_pj_giﬂoi_‘)oj)7 wi,;lpi) if X2, (v —pi +bpi) > t, 52 wiup; <1 [FP],
(%J“b%, %) if X2 (v —pi +bp;) < t, 52 wup; <1 [PP],

(5)
where ¢ = 1,2, and j = 3 — 4. The demand and supply on platform i are n;N and k;Kpu,
respectively. Similarly, we can derive the fractions of customers and agents on each separate

platform in the post-merger scenario as the following implicit functions:

(

(3:3) if 2(v = pm + b)) 2> t, 2w ppm > 1 [FF],
v=puctbon ;) if 2(v — P + bpm) < t, 2Wmppm > 1 [PF],
(%7 wmupm) if 2(v — P + bom) > t, 2w upm < U [FP],
(v_pmt+b<ﬁm7 ’wm,;lfpm> if 2(v — pm + bpm) < t, 2wy ppm < 1 [PP].

Thus, the total demand and supply on platform m are n,,N = (n; + no)N and k,,Kp =
(k1 + k2) K, respectively. Notice that both sides of equation (5) or (6) are functions of n; and
k;. Given any prices and wages (p;,w;) and (pm,, wy,), we can always solve for (n;, k;) from
(5) or (6), although their closed-form expressions cannot be obtained. Thus, the supply and
demand functions are well-defined when platforms optimize over price and wage.

It is noteworthy that platform ¢’s demand n; and supply k;, defined by the implicit functions
in (5), cause the profit function in (3) to be non-concave in either p; or w;, posing challenges

for finding an equilibrium. Nevertheless, when (p;,w;) is fixed, we can optimize over (n;, k;)
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to determine the optimal price and wage (p;, w;), and vice versa. The profit function in (3) is
concave in n; and k; if b < b. These properties will be used to find the equilibrium prices and

wages in the pre-merger scenario.

4.2 Equilibrium Characterization

In the main body, we will focus on the case where [ < Tﬂ which implies that the misfit cost for
agents is relatively small. As a result, case FP, which corresponds to a fully covered customer
market and a partially covered agent market, will not occur in equilibrium. This is in line with
the fact that compared to customers, agents care much more about their earnings than the
distinct features of platforms. We believe that this is also consistent with what we observe in
practice. In Appendix G of the online supplement, we will relax this assumption and examine
the case where [ > bNT“ .

In the following sections, we will use superscripts pre and post to denote the equilibrium
solutions in the pre- and post-merger scenarios, respectively. We will focus on the symmetric
equilibrium in the pre-merger model, and so the subscript ¢ will be omitted for brevity. In
Appendix H of the online supplement, we will extend our analysis to the case of asymmetric
equilibrium and demonstrate the robustness of our main results. The following lemma presents
closed-form solutions for the equilibrium price and wage, as well as the conditions for different

market coverage.

Lemma 1. (PRE-MERGER EQUILIBRIUM) A unique symmetric equilibrium exists in the pre-

merger scenario. The equilibrium symmetric price and wage (P = pb'® = pP"® and wi"® =

wh™® = wP"®) are given in Table 1.
Table 1: Symmetric equilibrium in the pre-merger model
Coverage Condition Equilibrium price and wage (pP"¢, wP"¢)
FF(1) v> 3N(bN9+t)2;VK(2pr.—l) <bN9 Tt K(bé\l]\;;fl% K(bé\f]\;{H))

— 2(bNO+t)—bK 3N (bNO+t)—K (2bNp—1 2v— (bN9+t)+bKu K[bNpu(2v+bK p) — (bN6+1) (21+bN )]
FF(2) max{7, ( 2) El<w< ( >2N (2bNp=0) ( 2N[2(bNO+1)—bK 1] )

FF(3) 2(bN0+2t)—bK,u < v < max {5, 2(bN9+2t)—bK;_a} (2v (bN9+t)+bK;_z7 21%)
PF(1) min{, 2(bN9+2t)—pr} <v< 2(bN6+2t)—bK,u <2'u+i)Ku’ K[bN;L(Qerb;(A;;g—M(bNGth)])
20(bNO+t)  bKpu . 2(bNO+1)—bKp 204+bKpu  KI(bNO+t)
PF(2) Ny~ — 3~ Sv<min {y, T B } <7, 7N(2v+b1(,u))
PP v < 2LONO+HY)  bKp 2lv(bNO+t) b2 Kp?Nv
bN 2 4I(bNO+t)—b2Ku2N’ 2[4l(bNO+t)—b2Kpu2 N]|
Note: T — 41(bNO+1)—b> K > N+bu[(bNO+t) N — K] dov= 4U(BNO+t)—b> K pu> N+24/I(bNO+1)[4l(bNO+1) —b2 K ;12 N
ote: v = TN and v = 20N )

As shown in Lemma 1, in the pre-merger scenario, three different cases of market coverage,

FF, PF, and PP, may happen in equilibrium. See Figure 1(a) for a graphic illustration.
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Customers' valuation v

In case FF, where the service valuation v is relatively high, the competing platforms fully
cover the customer and agent markets (i.e., nP™® = %, kPre = %) There are three subcases
in which the equilibrium price and wage have different expressions, depending on whether
the customer/agent indifferent between two platforms obtains strictly positive utility. In
FF(1), both the indifferent customer and agent receive positive utility, as valuation v is
sufficiently high. In FF(2), the indifferent customer receives zero utility, but the indifferent
agent obtains positive utility. In FF(3), both the indifferent customer and agent end up

with zero utility.

In case PF where v is moderate, the platforms partially cover the customer market while
fully covering the agent market (i.e., nP™ < % and kP = %) Similarly, two subcases
may arise: In PF(1), the utility of the agent indifferent between choosing two platforms

is strictly positive, while in PF(2), the utility of that agent is zero.

In case PP where v is relatively small, the platforms partially cover both the customer and
agent markets (i.e., nP™® < % and kP"¢ < %), leaving some customers and agents choosing

the outside option.

70 70
FF(1)
60 - 60 -
o FF
50- FF(2) é 50-
<
=
<
s MO Z 40-
PF(1) g
30- E 30-
PF(2) S PF
20- 20-
o \
10 T T T T 10 T T T T T
0.16 0.2 0.25 0.3 0.35 0.38 0.16 0.2 0.25 0.3 0.35 0.38
Network externality parameter b Network externality parameter b
(a) Pre-merger (b) Post-merger

Figure 1: Schematic diagrams of (a) the pre-merger equilibrium and (b) the post-merger solution

Notes. Figure 1 adopts the following parameter values: § = 0.8, N =25 K =7, uy=4,t =36, and [ = 8.

Next, we characterize the optimal price and wage along with the market coverage in the

post-merger scenario, as shown in Lemma 2.

post

Lemma 2. (POST-MERGER OPTIMAL SOLUTION) The optimal price and wage (phe™, who™) in

the post-merger scenario are given in Table 2.
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Table 2: Optimal price and wage in the post-merger scenario

Coverage Condition Optimal price and wage (p%)‘qt,wﬁf”)
FF v >2bN0+t —bKp (W%)
L(2bN6+t) +bKu KI(2bN6+t)
PF N0 pRy <o < 2DNO 4t DK p (wthie, JQOMNEED)
1(2bN6+t) 1v(2bN6+t) b2 Ku’Nv
PP v < SSNg - —bKp (2[l(2bN0+t)7b2Ku2N]’ 2[U(2bNO+1)—b2K 2 N]

Similar to the pre-merger scenario, Lemma 2 shows that depending on valuation v, platform
m sets the price and wage to fully cover both markets (FF), partially cover the customer market
but fully cover the agent market (PF), or partially cover both markets (PP).

The equilibria in Lemmas 1 and 2 are quite different. There are no subcases within each
coverage case in the post-merger equilibrium, and the pricing strategies are also different. These
changes are caused by three effects induced by a merger.

First, the two platforms are managed by a central planner (i.e., the merged firm m) who
determines the price and wage, and thus there is no competition. As shown in Table 1, there
are three subcases within the FF case, depending on whether a customer or agent indifferent
between joining the two platforms receives positive or zero utility. However, in the post-merger
scenario, the platform has no incentive to offer additional surplus to a boundary customer or
agent. Even if the markets are fully covered, a customer or agent on the boundary always
receives zero utility. Therefore, there is only one possible scenario in the FF case. Similarly,
there are no subcases in the PF case.

Second, the merged firm pools customers and agents together, creating a resource-pooling
effect. The network externality becomes ¢,, = k,Ku — 0n,, N after a merger, as opposed to
vi = k; K — On; N on each individual platform ¢ (i = 1,2) before the merger. Since a common
pool of agents are serving all the customers, the network externality also becomes larger. As
discussed in §3.1, when the post-merger agent and customer densities both increase after a
merger, it becomes easier to match a customer with an agent, as reflected in the increased
externality.

Finally, after the merger, the cross-side network effect plays a more critical role in customers’
price sensitivity. The price sensitivity of customers on platform i can be represented by the
derivative of the fraction of active customers on this platform with respect to the price p;, which

are characterized in the following lemma.

15



Lemma 3. (a) In the pre-merger scenario, the following result holds:

2
(sf,sf) if the coverage case is FF and Z(v — pi +bp;) > t, (7)

<8nz 8722) . i;l
opi " Op; (sp,sy) if the coverage case is FF and Z(v —pi +bp;) =1, (8)

i=1
(Sp, sp) if the coverage case is PF or PP, 9)
-1 -1
where s; = — (Zt—i-ZbHN— 2bKug—ﬁi) ; 8p = — (t+b€N — bK,u‘S—Zi) , and g;.i and %

are the right and left derivatives of n; with respect to p;, respectively.

(b) In the post-merger scenario, the following result holds:

(0,0) if the coverage case is FF and 2(v — py, + bop,) > ¢, (10)

0 0
(({;lm’ ;T) =< (8m,0) if the coverage case is FF and 2(v — pp, + b)) = ¢, (11)
Pm  OPm
(Sm, Sm) if the coverage case is PF or PP, (12)
-1
where Sy, = — (% + bON — bKugfL—Z) , and gZ—_T and ‘3;—21 are the right and left derivatives of

Ny With respect to py,, respectively.

Note that in Lemma 3 the left and right derivatives may not be equal because increasing
or decreasing the price at the boundary point can result in different coverage of the customer
market. Although the expressions of customers’ price sensitivity differ slightly for different cov-

erage, the structures are the same. Take the partial coverage case in the pre-merger scenarios

-1
as an example. The price sensitivity g;: is equal to s, = — (t + bON — bK ug—f;i) . The first
term, t, represents the direct loss from a higher price. The second term, b N, accounts for the

impact of the congestion on the customer side. The third term, bK u gﬁi, reflects the influence

of the cross-side network effect. The third term, which increases with 0k;/0n;, amplifies the
magnitude of customers’ price sensitivity, meaning that the cross-side network effect causes
customers to be more sensitive to price. This is because a price increase can reduce the number
of active customers, which in turn reduces agents. The reduction in agents further decreases
customers’ utility, causing more customers to leave. Given the expressions of the price sensi-
tivity in Lemma 3, we next analyze how a merger affects the price sensitivity in the following

proposition.

Proposition 1. A merger increases the weights of the cross-side network effect and the con-

gestion effect in customers’ price sensitivity.

Proposition 1 reveals that a merger enhances the role of the cross-side network effect and

the congestion effect in customers’ price sensitivity. In the post-merger scenario, the boundary
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customer or agent always receives zero utility. As a result, the case specified in (10) does not
appear in equilibrium. We only need to compare s, and s; in the pre-merger scenario with s;,
in the post-merger scenario to analyze the change in the weight of the cross-side network effect.
Since the weight of the cross-side network effect is the same in s, and sy (note that the coefficient
of each term in sy is twice of that in s,), it suffices to compare s, and s,,. By comparing the
expressions of s, and s,, in Lemma 1, we can see that the weight of the direct impact of a higher
price (the first term) becomes smaller in the post-merger scenario, and effectively the weight of
the cross-side network effect becomes greater. This is because the merged firm monopolizes the
market and gets customers along the entire Hotelling line, instead of from only one endpoint as
in the pre-merger scenario, increasing the weight of the cross-side network effect. For a similar
reason, the weight of the congestion effect in customers’ price sensitivity is also increased after
a merger. In the next section, we will show that this enhancement substantially impacts the

merged firm’s pricing decision and the welfare implications of the merger.

4.3 Welfare and Profit Implications

Now we proceed to investigate how consumer surplus and labor welfare change as the two plat-
forms merge. The expressions of surplus and labor welfare under the pre- and post-merger
scenarios are given below, which depend on whether the corresponding market is fully or par-
tially covered.

In the pre-merger model, denote by z and Z (y and y) the location parameters of the
customer (agent) who is indifferent between using platform 1 and the outside option and between

using platform 2 and the outside option at the symmetric equilibrium, respectively, where

,pre,uppre

T = M’ T=1- ”_ppm;“bsome, Y= wpreé‘ppm, and § = 1 — =—*—. Then, we have
1 _pPTe hppTe 2
e LY ( ZUedr + [ U§da:> = N . (ot [Case P,
= 1
N (f(f Ufdx + fél de:c) =N (v—pFe—+bpPe — L) [Case FJ;
Y 1 pre,, ,pre)2
LWPre — K( o Uirdy + fy Ugdy) =K- % [Case P],
= 1
K <f02 Ufdy + fll Ugdy) =K - (wPreppPre — 1) [Case F].
2

Similar to the pre-merger model, the expressions of consumer surplus and labor welfare in
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the post-merger model are

(’U ppost b post)Q

Cgpost _ N - . [Case PJ,
N - < — Pt bt %) [Case FJ;
LPpost K- EfStl;p%St)Q [Case P,
K - (who* pphost Z [Case F].

The impacts of a merger on customers and agents are not straightforward. By pooling cus-
tomers and agents together, a merger can generate additional utility for them. The interaction
between competition and the cross-side network effect determines how the additional utility is
distributed among platforms, customers, and agents. In the following analysis, we will show
that depending on the specific circumstances of the market, a merger may or may not benefit

customers and/or agents.

Theorem 1. (a) The post-merger consumer surplus is higher than the pre-merger consumer sur-

plus (i.e., CSP°st > C'SP™¢) if and only if v < min {t — 7b(K“;2N9) , max { ;@g, Ku[“}(\?éi?ﬁ?ﬂlif)fﬁf\f] }}

(b) The post-merger labor welfare is higher than the pre-merger labor welfare (i.e., LWPSt >

LWP™) if and only if v < %ﬁ’jﬂ — bEu

50 50
i ¢ r i
. 40 CSpost<CSpPre . 40
= =
2 . N LWPost< WP
-, 30- \ - 30- AN
S 3 N
£ s N
~
- t | ~
20 CSpost>CSpre 20 ~
~
~
LWPost> LWPre ~
10 T T T T 10 T T T T
0.16 0.2 0.25 0.3 0.35 0.38 0.16 0.2 0.25 0.3 0.35 0.38
Network externality parameter b Network externality parameter b
(a) Consumer surplus comparison (b) Labor welfare comparison

Figure 2: The effect of the merger on (a) consumer surplus and (b) labor welfare
Notes. Parameter values are the same as in Figure 1.

Theorem 1 analyzes how consumer surplus and labor welfare are affected by a merger. Figure
2 illustrates the comparison before and after a merger. Figure 3 illustrates the corresponding
market coverage in the pre- and post-merger scenarios. As discussed in §4.2, a merger reduces

competition, generates a pooling effect, and enhances the role of the cross-side network effect

18



45
Pre—FF
. [ —
z \ Pre—FF
8 \ Pre—PF Post_PF
g 30 \ Post—PF
»§ N
5
£
E N
S s
20~ -
~
B
Pre—PP -
Pre—PP.n Post—PF ~
Post—PP .
10 - : I |
0.16 0.2 0.25 0.3 0.35 0.38

Network externality parameter b

below (above) which CSP*'> (<) CSP™®
= = below (above) which LWP%'> (<) LWPre

Figure 3: Market coverage before and after the merger
Notes. Parameter values are the same as in Figure 1.

in customers’ price sensitivity. These three factors jointly affect consumer surplus and labor
welfare.

If the pre-merger case is FF, the effect of competition reduction is so high that the merged
firm extracts more utility than what is generated from the pooling effect, leaving customers
worse off.

If the pre-merger case is PF, the effect of competition reduction is moderate. The enhanced
cross-side network effect, together with reduced competition, jointly determines whether the
merged firm can extract all the additional utility generated from the pooling effect. When
the number of active customers on a platform is small, the enhanced cross-side network effect
makes customers highly sensitive to price. Customers’ high price sensitivity effectively limits
the merged firm’s pricing power and makes customers benefit from the merger. To see this,
notice that as discussed in Proposition 1, the magnitude of dn;/dp; increases with dk;/0ny
because of the cross-side network effect. Furthermore, we can show that 0k;/0n; decreases
with n, indicating that one additional customer has a diminishing benefit in attracting agents
to the platform. This diminishing benefit is caused by the utilization in agents’ utility function:
When n; increases, more agents join the platform in response, and an additional customer has
a smaller impact on the utilization. Therefore, customers’ price sensitivity decreases with the
number of active customers. When there are a small number of active customers, the impact
of the cross-side network effect on customers’ price sensitivity is large. After a merger, the
enhanced role of the cross-side network effect makes customers become even more sensitive

to price. As a result, the merged firm cannot price too aggressively, leaving customers some
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utility generated from the pooling effect. When there are a large number of active customers,
the diminishing benefit of an additional customer causes customers’ price sensitivity to be low.
Even though the role of the cross-side network effect is enhanced by a merger, its impact on
customers’ price sensitivity is still limited. The merged firm can aggressively set the price and
extract all the utility generated from the pooling effect, leaving customers worse off. Because
of the enhanced cross-side network effect and the diminishing benefit of an additional customer
to agents, a merger benefits customers when the number of active customers is small. In the
PF case, the active proportion of customers on platform i is given by n; = (v — p; + by;)/t. As
the service value v decreases, even though the platform tries to reduce its price to compensate
the negative impact of lower service value, customers’ utility of joining platform ¢ still decreases
with v, causing more customers to choose the outside option. Therefore, for small service value
v, the number of active customers is small. In this case, a merger is more likely to benefit
customers.

If the pre-merger case is PP, since there is a minimum impact of reduced competition, a
merger is more likely to benefit customers. As shown in Figure 3, the region in which a merger
improves consumer surplus is larger than that in the PF case.

The change in labor welfare after a merger is also heavily influenced by the cross-side net-
work effect. The cross-side network effect encourages a platform to hire more agents and offer
customers positive network externality, which can help the platform raise price and earn more
profit. Since a merger enhances the role of the cross-side network effect, the merged firm has an
incentive to take advantage of this more effective cross-side network effect by hiring more agents
and offering customers higher network externality. When v is small such that the pre-merger
agent market is partially covered, it is possible for the merged firm to hire more agents after
a merger, and thus agents are better off. However, if the pre-merger agent market is already
fully covered, the merged firm cannot hire more agents. Furthermore, the merged firm faces
reduced competition and can afford to cut wages and hire the same number of agents. As a
result, agents are worse off.

In summary, Theorem 1 shows that if service valuation v is small such that the pre-merger
market is not saturated, a merger can improve consumer surplus and labor welfare while in-
creasing the total profit of platforms, thus achieving a win-win-win outcome.

To gain more insights into how a merger influences the market dynamics, it is worth com-

paring the equilibrium prices, wages and profits before and after the merger.

Proposition 2. The pre- and post-merger prices, wages, and profits satisfy the following prop-
erties: (a) T > 20177, (b) phe™ > pP; and (c) why™ > wP™ if and only if one of the

following conditions holds:
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. . 1[4l(BNO+t—b2 Ky’ N 21(bN O+t bK,
(i) v < mm{max {vwl, [4i( ENT2 K )]}, (bNu ) _ —2“};
. tKu 20(bNO+t)  bK .
(7i) max {ﬁ, (I)T#) — T"} < v < min{vy, vys, t — b(Kpu — 2N6)}.8

Proposition 2 formally proves that after a merger, the platforms’ profits and service price
increase, whereas the wage may either increase or decrease. Figure 4 presents a numerical
example that further demonstrates how a merger changes the price and wage, along with the

network externality, consumer surplus, agent utilization, labor welfare, and platform profit.
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Figure 4: Numerical illustration of the impact of a merger

Notes. Figure 4 adopts the following parameter values: § = 0.8, b=0.3, N =25, K =7, p =4, t = 36, and [ = 8.

As shown in the three panels at the top of Figure 4, a merger always leads to a higher
price since the market competition is reduced. Nevertheless, after the merger customers also
receive higher network externality, because the merger enables resource pooling and enhances
the role of the cross-side network effect such that the merged firm has a greater incentive to
take advantage of the cross-side network effect. The changes in price and network externality
jointly determine the consumer surplus. When valuation v is small, the benefit of increased

externality outweighs the effect of increased price, and so the merger improves the consumer

8The expressions of Vw1, Vw2, and vws are provided in Appendix A of the online supplement.
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surplus. We note that these observations echo the anecdotal evidence cited earlier that people
are concerned with inflated prices while acknowledging the improved customer services after the
Postmates-Uber Eats merger (Helling 2023).

The effect of a merger on wages is more nuanced, because the agent utility depends on
the multiplication of wage and utilization. In other words, the wage and agent utilization are
substitutable. As shown in the middle three panels of Figure 4, for a small v, the merged
firm will substantially increase the wage to attract more agents so as to leverage the network
externality. However, for a moderate v, the pooling effect after a merger can also improve agent
utilization such that it becomes less necessary for the merged firm to raise the wage, leading
to the nuanced effects on wages. For a sufficiently large v, the pre-merger markets have been
saturated, and thus the merger will not influence agent utilization or incentivize the firm to
further expand the market; consequently, competition reduction on the supply side becomes
a dominant force, and the merger results in a lower wage. Overall, the labor welfare, jointly
influenced by the wage and agent utilization, can be improved by the merger when v is small
enough.

Finally, the last panel of Figure 4 plots the pre- and post-merger profits. Clearly, the
merger increases the total profit as the merged firm can centrally optimize the price and wage.
Furthermore, we observe that the magnitude of profit increase is larger with a smaller v (i.e.,
in a less saturated market).

Next, we analyze the impacts of several market parameters on the welfare implications of a
merger. Recall that the parameter 6§ measures the strength of the congestion effect within the
consumer side, which reflects an important feature of on-demand service platforms. Misfit costs
t and [ capture the levels of market differentiation on the customer and agent sides, respectively.
Propositions 3 and 4 below examine if a merger will more likely improve consumer surplus and
labor welfare as the within-side congestion effect (f) and the levels of market differentiation (¢
and [) vary, respectively. These propositions provide insight into when antitrust agencies should

consider being lenient towards mergers between on-demand service platforms.

Proposition 3. (a) If NK > ngQ or < g—]@, then as 0 increases, CSP?$t is more likely to be
larger than CSP™¢; however, if NK < bgﬁz and 6 > %, then as 0 increases, C'SP*St is more
likely to be smaller than CSPT€.”

(b) As 0 increases, LWP" becomes more likely to be larger than LWPTe.

Proposition 3(a) indicates that as the within-side congestion effect becomes stronger (i.e., 6

is larger), a merger may either increase or decrease the consumer surplus. On the one hand, a

We say A is more likely to be larger (smaller) than B if the parameter range in which A > B (A < B)
becomes larger.
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Figure 5: The effect of the congestion on the change in (a) consumer surplus and (b) labor welfare

Figure 5 adopts the following parameter values: b =0.3, N =25, K =7, p =4, t = 36, and | = 8 such that NK < bgﬁz .

larger 6 implies a higher congestion cost from customers’ perspective, and thus makes it more
difficult for a platform to attract customers. Consequently, the pre-merger customer market is
less saturated such that a merger more likely benefits customers. On the other hand, 6 reduces
the price sensitivity of customers for both pre- and post-merger scenarios. Intuitively, this occurs
because an increase in price discourages customers from using the service, but meanwhile each
customer anticipates less congestion, which partially offsets the negative impact of the increased
price on customer utility. Proposition 1 shows that a merger enhances the role of congestion
effect 6 in customers’ price sensitivity since the merged firm attracts and pools customers from
the entire market.! Therefore, with a higher 6, customers are even less sensitive to price
after the merger, which enables the merged firm to price more aggressively and better extract
consumer surplus. The first force related to market saturation is dominant when the potential
21l

market size is large enough (NK > -3*5) such that an increase in 6 always makes the merger
b2

more likely to benefit customers. However, when the potential market size is small (NK < %),
the latter force as to customers’ price sensitivity may dominate the former such that an increase
in # can make the merger less likely to benefit customers. See the non-monotone threshold as
illustrated in Figure 5(a). Our result suggests that for small-sized markets, a merger may have

the most potential to improve consumer surplus when there is a moderate level of congestion

-1
0Per the expressions of customer price sensitivity in Lemma 3, S = — (2t + 200N — 2bK,u%) , Sp =

—1 -1
— (t + bON — bK gi?) ,and s, = — (% + bON — bKugZ—Z) are all increasing in 0, implying that demand
becomes less sensitive to an increase in price. Moreover, the congestion effect (i.e., the term with @) carries a
greater weight relative to the direct pricing effect (i.e., the first term with ¢) in the post-merger price sensitivity
sm than that in the pre-merger counterparts sy and s,.
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effect.

Proposition 3(b) indicates that a stronger congestion effect (a larger #) always makes the
merger more likely to benefit agents, as illustrated in Figure 5(b). With a larger 6, pre-merger
platforms are more likely to serve fewer customers and hence hire fewer agents. A merger can

thus induce the firm to hire more agents, thus improving the labor welfare.

Proposition 4. Ast orl increases, CSP°' and LWP°St are more likely to be larger than C SP®

and LWP"®  respectively.

Proposition 4 shows that when the market becomes more differentiated on the customer or
agent side (¢ or [ increases), a merger is more likely to improve consumer surplus and labor
welfare. A more differentiated market indicates that competition is less intense in the pre-
merger scenario, and thus the impact of competition reduction caused by a merger becomes
smaller. Therefore, a merger is more likely to benefit customers and agents.

In summary, our analysis shows that although a merger reduces competition and increases
prices, it can still benefit customers and agents because of the pooling benefit and the en-
hanced role of the cross-side network effect. This socially beneficial outcome can emerge when
customers’ valuation for the service is not very high, or the customer or agent side is more differ-
entiated. Interestingly, this outcome is most likely when customers have a moderate sensitivity
to congestion; both very high and very low levels of congestion sensitivity can undermine the
merger’s potential to benefit customers. Our results provide new insights to antitrust agencies.
When evaluating potential mergers of on-demand service platforms, antitrust agencies should
consider not only the possible changes in prices and wages but also the aforementioned factors
that influence the interplay among reduced competition, cross-side network effects, and pooling

benefits.

5 Extensions

Our base model can be extended in various directions. In this section, we provide a summary
of these model extensions, whereas the detailed analyses can be found in the online supplement
of the paper. In Section 5.1 we discuss an extension where some agents are multi-homing. In
Section 5.2, we consider a case where the prices and wages are unobservable to agents and
customers, respectively. In Section 5.3, we discuss other extensions to examine the robustness

of our results.

5.1 Multi-homing Agents

In the base model, we have assumed that all the agents could work for only one platform. In

practice, there are cases in which some agents can multi-home; that is, they can be simulta-
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neously available on both platforms. In this subsection, we consider a more general setting in
which, among the K potential agents, an 1 proportion of the agents is multi-homing, whereas
the 1 —n proportion is single-homing. We assume that the multi-homing agents choose between
working for both platforms and getting the outside option (i.e., not working at all). When they
choose to work, they wait on both platforms and will accept jobs from either platform. On the
other hand, single-homing agents remain the same as in our base model; that is, they choose
to work for either platform 1 or platform 2, or opt for the outside option. For tractability,
we assume the proportion 7 to be a given parameter. It is a reasonable assumption because
agents’ choice between single-homing and multi-homing is a long-term decision driven primarily
by personal nature.!!

Due to the complexity of the problem, we first analyze an extreme case where all the agents
are multi-homing, i.e., n = 1. We can show that in the pre-merger scenario, multiple Nash
equilibria exist, but there is a unique symmetric Pareto-optimal equilibrium. We focus on
this unique symmetric Pareto-optimal equilibrium when comparing the pre- and post-merger

scenarios. The detailed analysis can be found in Appendix E of the online supplement.

Proposition 5. When all the potential agents can multi-home (i.e., n = 1), if v is sufficiently
large and N > K /2, then the following results hold:*?

(a) In the pre-merger scenario, there exists a unique symmetric Pareto-optimal equilibrium in
which pP® = t + "UN_KI g g qpere —

2K u? 2p°
20— (2bNO+1)+2bK
2

(b) In the post-merger scenario, the optimal price and wage are given by pﬁ?‘% =
post Kl

and Wy, & = SN

(¢) The post-merger profit is higher than the total pre-merger profit (i.e., et > 2I1P7€ ); the

post-merger consumer surplus is lower than the pre-merger one (i.e., CSP°t < C'SP"¢): both the

post- and pre-merger labor welfare are zero (i.e., LWPSt = LWPr¢ = ().

Proposition 5 indicates that when all the agents multi-home, a merger hurts customers
but does not affect agents. Before the merger, multi-homing agents already work for two plat-
forms simultaneously, and customers already achieve the maximum possible network externality
because agents are already “pooled” together. A merger merely reduces competition in the cus-
tomer market without generating additional value from the pooling effect. Thus, customers are
generally worse off as a merger takes place. On the agent side, since multi-homing agents are

not choosing between platforms, they are in effect homogenous when deciding whether to work

"For example, one can think of the 7 proportion of agents as tech-savvy agents that always opt for simulta-
neously using two mobile apps to serve on both platforms, whereas the 1 — n proportion of agents always focus
on one platform due to a prohibitively high hassle cost.

12The regularity conditions (v is sufficiently large and N > Kpu /2) are required to ensure the platforms’ payoff
functions are well-behaved.
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(on both platforms) or not. Consequently, in both pre- and post-merger markets, platforms can
extract all the labor welfare in equilibrium, implying that LWPest = LWP"¢ = (.

For general cases when 1 < 1, the problem becomes intractable, and so we resort to numerical
simulations. Specifically, to solve the pre-merger model, we adopt a best-response dynamics
process to compute the most reasonable equilibrium (if any). In the best-response dynamics,
players take turns to update their strategies based on the best responses; if the process converges
to a stable strategy profile, then this strategy profile is a Nash equilibrium (Kleinberg and Tardos
2005, page 692). A detailed description of our algorithm and numerical study can be found in

Appendix E. We present our main findings in a representative example shown in Figure 6.
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Figure 6: The effect of a merger as n (the proportion of multi-homing agents) varies
Notes. Figure 6 adopts the following parameter values: v =14,0=0.8,b=03, N =25, K =7, u=4,t =36, and [ = 8.
The pre-merger equilibrium was determined by the best-response dynamics procedure in Appendix E.

As depicted in Figure 6, the post-merger profit is higher than the total pre-merger profit.
More importantly, as the proportion of multi-homing agents (1) increases, it is less likely for a
merger to benefit customers and agents. As mentioned earlier, the existence of multi-homing
agents reduces the pooling benefit from a merger since the benefit has been utilized before the
merger, and also makes it easier for platforms to extract labor welfare. We highlight this main

finding below.

Observation 1. As the proportion of multi-homing agents becomes larger, a merger will be less

likely to improve consumer surplus and labor welfare.

Our findings suggest that antitrust agencies should be cautious about platform mergers if a

large proportion of agents in the market is multi-homing.

5.2 Customers (Agents) Do Not Observe Wages (Prices)

In the base model, we have implicitly assumed that customers can observe agents’ wages, and
agents can also observe customers’ prices, since it is a common assumption adopted in the
literature. However, in some practical situations, prices and wages may not be observable to

agents and customers, respectively. We thus consider this alternative setting in this subsection.
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Because customers (agents) cannot observe wages (prices), our model becomes a game of
imperfect information. To analyze this game, the out-of-equilibrium beliefs must be treated
with caution. In this analysis, we adopt passive beliefs, a commonly used equilibrium-refinement
criterion in the literature (e.g., Hart et al. 1990; McAfee and Schwartz 1994; Segal 1999; Gavazza
and Lizzeri 2009). Under passive beliefs, customers’ and agents’ beliefs do not change when an
out-of-equilibrium offer is observed.

Given the incomplete information, platform 4’s profit function in the pre-merger scenario is
not jointly concave either in (p;,w;) or in (n;, k;) for any given price p; and wage w; of platform
7, and it becomes intractable to establish analytical results about the equilibrium. Nevertheless,
by utilizing necessary optimality conditions, we can derive the closed-form expressions for the
prices and wages under each possible equilibrium case, and then leverage these expressions to
develop a numerical approach to solve the model. By examining a wide range of parameter
values, we are able to find a symmetric pre-merger equilibrium and an optimal post-merger
solution in all the instances. A detailed description of our numerical study can be found in

Appendix F. Below we report our main findings.

Observation 2. When prices and wages are not observed by agents and customers, respectively,
we observe the following results: (a) The profit of the merged firm is always higher than the
total profit of the pre-merger platforms (i.e., st > 211P™¢); (b) the post-merger consumer
surplus is higher than the pre-merger consumer surplus (i.e., CSP*t > CSP™®) if and only if

v is relatively small; (c) the post-merger labor welfare is not smaller than the pre-merger one

(i.e., LWPost > LWPre),

Our main results from the base model continue to hold when wages and prices are not
observable to customers and agents, respectively. A merger can result in a win-win-win outcome
if the service valuation v is relatively small. The impact on labor welfare is slightly different:
In the base model where wages and prices are observable, a merger can reduce labor welfare
when v is large, whereas in the case of unobservable wages and prices, labor welfare does
not decrease after a merger. When wages are observable to customers, pre-merger platforms
may competitively offer high wages, because such high wages can attract not only agents but
also customers who would anticipate more agents by observing higher wages. However, when
wages are unobservable to customers, pre-merger platforms have less incentive to offer high
wages because wages cannot directly influence customers. As a result, with observable wages,
the pre-merger competition in the agent market is more intense, and thus a merger has a
stronger competition-reduction effect and is more likely to hurt agents, compared to the case
of unobservable wages. Additionally, we also compare the merger-induced changes in consumer

surplus and labor welfare with and without price and wage transparency and find that in most
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cases, a merger generates more benefits for consumers and agents with unobservable prices and

wages. See Appendix F for more details.

5.3 Other Extensions

In addition to the extensions discussed in §5.1 and 5.2, we have also analyzed other extensions,
which are summarized in the following. The details of the analysis can be found in the online
supplement.

Loyal Segments of Customers and Agents. In the base model, we have focused on
the case where all the customers and agents choose between the two platforms and the outside
option. In practice, some customers and agents may be loyal to a certain platform, and they do
not choose the other platform (Zhang et al. 2022). In Appendix K, we consider a case where
there are additional segments of loyal customers and agents to each platform. We find that in
the presence of loyal customers and agents, even when the non-loyal segment is fully covered
in the pre-merger market, a merger can simultaneously benefit the platforms, customers, and
agents, resulting in a win-win-win outcome. In addition, a merger is more likely to benefit all
parties if the size of loyal customers or agents increases. Therefore, our main intuition from the
base model continues to hold.

Quadratic Congestion Function. For tractability, we have assumed the congestion level
on the consumer side to be a linear function of demand. In a more realistic setting, the congestion
level can take a nonlinear form. In Appendix L, we consider an alternative network externality
term where the within-side congestion effect is an increasing quadratic function of the agent
utilization rate (Bernstein et al. 2021). We numerically verified that our main findings are
robust when the congestion effect takes a nonlinear form.

Large Misfit Cost for Agents. So far, we have focused on the case where | < bNu/2; i.e.,
the misfit cost for an agent is relatively small. This assumption rules out a type of equilibria
in which the customer market is fully covered, whereas the agent side is partially covered. For
completeness, in Appendix G, we relax this assumption and examine the case where | > bNp /2.
We find that, as in the base model, a merger can result in a win-win-win outcome when the
service valuation v is relatively small.

The Post-merger Firm Repositions as a Single Brand. In the main body of the
paper, we have focused on a situation where the two platforms remain as two separate brands
after a merger. This is true for many merger events in practice (e.g., the merger between
Postmates and Uber Eats). However, in some cases, the post-merger firm may transform the
two platforms into one with a new brand. In Appendix D, we show that all our results continue

to hold in a setting where there is a single post-merger platform that can optimally reposition
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on the Hotelling line, whereas the two pre-merger platforms, as in our base model, are located
at points 0 and 1, respectively.

Asymmetric Equilibria. Our analysis has focused on symmetric equilibria in the analysis.
In Appendix H, we develop a numerical approach to compute asymmetric equilibria (if any),

and show that our main results are robust if an asymmetric equilibrium is played out.
6 Conclusions

Motivated by the horizontal mergers that have recently become prevalent in the on-demand
economy, we built a game-theoretical model to analyze the impacts on consumer surplus and
labor welfare of a merger between two on-demand service platforms. We established that while
a merger reduces competition, it may benefit both customers and agents because of a merger-
enabled pooling benefit along with a positive cross-side network effect. Our results provide
important managerial implications, as summarized below.

First, our analysis uncovers two countervailing forces, a competition-reduction effect and
a merger-enabled pooling benefit, that jointly determine the welfare implications of a merger
between on-demand service platforms. This echoes the debates mentioned earlier regarding
the Postmates-Uber Eats merger (Helling 2023). When assessing the potential consequences
of a merger, antitrust regulators should not only focus on the impact on service prices but
also evaluate whether the merger enables platforms to pool resources, leading to potential
improvements in service quality (e.g., reduction in waiting times).

Moreover, we characterize the conditions under which a merger will be more likely to improve
consumer surplus and labor welfare. These conditions provide practical guidelines for antitrust
agencies to evaluate the impact of platform mergers. In particular, our findings indicate that
a merger is more likely to be welfare-improving if the pre-merger market is less saturated. For
example, the Postmates-Uber Eats merger took place when there was significant growth in
demand for food delivery services, and by acquiring Postmates, Uber Eats aimed to expand its
food delivery business (Gandotra 2020). Due to increased demand, the food delivery market
appeared not saturated at that time, and our results suggest that a merger in such a situation
has the potential to achieve a win-win-win outcome where consumer surplus, labor welfare, and
the platform profitability are all improved. Additionally, we show that a win-win-win outcome
is more probable if the customer/agent market is more differentiated. Our results suggest that
antitrust agencies consider being more lenient toward a merger if the market has room to grow,
or if the two merging platforms have differentiated features.

One might jump to a conclusion that, due to resource pooling, a merger would benefit
customers when the services are highly time-sensitive. Nevertheless, we find that the congestion

effect on the customer side has an indeterminate impact. A win-win-win outcome is most likely
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to occur when customers have a moderate level of sensitivity to congestion. In other words, both
very high and very low levels of congestion sensitivity can undermine the merger’s potential to
benefit customers. Thus, caution should be taken regarding a merger between platforms offering
highly time-sensitive services.

Furthermore, we demonstrate that a merger always leads to a price increase, but it can
result in either a wage increase or decrease. Our findings imply that the firm may choose to
raise wages voluntarily following a merger, even without regulatory intervention. In such cases,
from the perspectives of policymakers, regulating service prices charged to customers may be
more effective than regulating wages offered to agents.

Finally, our model extensions reveal additional factors relevant to the impact of a merger.
A merger is less likely to be socially beneficial if more agents are multi-homing in the pre-
merger market. Our result suggests that strict antitrust policies should be imposed on markets
where multi-homing agents are prevalent. Moreover, a merger has greater potential to benefit
consumers and agents, and hence should be granted more leniency when wages and prices are less
transparent to customers and agents, respectively, or when the market contains larger segments
of loyal customers and agents.

Our model has limitations that deserve discussion and future research. Our stylized model
has not incorporated concrete spatial features that are particularly important to ride-hailing
platforms. A more complicated model framework is required to study spatial pricing and com-
petition. Future research can incorporate concrete spatial features to quantify the benefit of
the pooling effect using operational and geographical data, potentially enriching the findings.
Throughout the analysis, we allow platforms to choose any prices and wages to maximize profits.
In practice, platforms may adopt a certain pricing scheme such as a fixed commission rate or a
fixed wage level. A valuable direction for future research would be to explore the implications
of a merger when platforms adhere to these pricing schemes. In addition, consistent with most
observations, we consider two competing platforms in the pre-merger market. In this case, a
merger will lead to a monopoly in the post-merger market. There exist scenarios in which there
are two or more service platforms after a merger. Future research can explore a market setting
where a merged company may still compete with other platforms. We believe that this area

presents many interesting questions for future research.
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