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Problem definition: We examine a three-sided food delivery market in which an online food delivery
platform should match customers’ online orders and self-scheduling delivery drivers. The platform also needs
to manage its relationship with a restaurant that provides food through this platform while also offering an
alternative dine-in option. Different contracting schemes governing the relationship between the platform
and the restaurant affect their profitability. Methodology/results: We develop a game-theoretic model to
investigate the contracting strategies of the platform and the restaurant under three prevalent contracts:
dynamic-price/dynamic-wage, fixed-price/dynamic-wage, and dynamic-price/fixed-wage contracts. We show
that the price competition between the online and dine-in channels is more fierce in the sharing economy
compared to the traditional economy (with fixed labor supply) if and only if the fixed supply is more than
that in the sharing economy, regardless of the contracting scheme. Although all contracts lead to the same
market outcome in the traditional economy, self-scheduling drivers significantly influence the performance
of these contracts in the sharing economy. The dynamic-price/fixed-wage contract induces the most fierce
competition in the food market, while the dynamic-price/dynamic-wage contract results in the softest. The
platform prefers the fixed-price/dynamic-wage contract, while other parties in the food delivery market
usually prefer the dynamic-price/fixed-wage contract. Moreover, we show that the contractual relationship
in the food delivery market does not affect the dine-in offline prices, which supports the observation of the
restaurant’s relatively robust dine-in prices. Managerial implications: Despite its prevalence, the dynamic-
price/dynamic-wage contract typically results in the poorest performance for the platform and moderate
performance for the restaurant. Unless the supply is excessively costly, a dynamic-price/fixed-wage contract
with well-designed subscription fees can benefit all parties in the food delivery chain, including the drivers
and customers. Our findings also offer guidance to policymakers in balancing the interests of gig workers and
society. A relatively high minimum wage rate (wage per delivery) can harm society and gig workers, while

a relatively high minimum wage (per hour) can benefit both.

Key words: three-sided markets; online food delivery platforms; sharing economy




1. Introduction

Online food delivery platforms have surged in prominence and growth in recent years, particularly
during the COVID-19 pandemic. According to the latest report by IMARC Group (2024), the global
online food delivery market reached $134.9 billion in 2023 and is projected to expand at a compound
annual growth rate of 9.7% from 2024 to 2032. Platforms such as Uber Eats, Postmates, and
Deliveroo in the US, and Meituan and Eleme in China, operate as three-sided platforms connecting
customers, delivery drivers, and restaurants. Customers can now order food online without traveling
to restaurants, while freelance delivery drivers, compensated by the platforms, handle the delivery.
This setup provides restaurants with an alternative online sales channel, allowing them to reach a
broader customer base and expand their market presence without incurring significant additional
operating costs.

Online food delivery markets are part of the sharing economy, where platforms are compensated
only when they successfully match customer demand with service providers. Thus, managing this
match is crucial for platforms. Unlike in the traditional economy, where service supply is fixed, ser-
vice providers in the sharing economy are freelance workers with flexible working options, deciding
when to work for a platform based on their compensation. In the online food delivery market, ser-
vice providers are self-scheduling delivery drivers, and their availability is influenced by the wages
set by the platform. Consequently, platforms attempt to control supply through wage adjustments.
Simultaneously, customer demand is influenced by the online and offline prices set through interac-
tions between the platform and the restaurant. Therefore, platforms must effectively manage their
relationship with restaurants to control online customer demand and align it with the availability
of drivers.

This paper examines a three-sided food delivery market operating within the sharing econ-
omy. We analyze the competition between an online channel, where a restaurant sells food via
an online food delivery platform, and an offline channel, where the restaurant serves dine-in cus-
tomers directly. The platform sets wages on the supply side for self-scheduling delivery drivers
and cooperates with the restaurant to set the online channel prices according to the contracting
schemes agreed upon between them. Different platforms employ various contracting schemes with
restaurants. For instance, major food delivery platforms like DoorDash and Uber Eats offer mar-
ketplace plans featuring dynamic-price contracts. They provide restaurants with basic, plus, and
premier service tiers, each associated with progressively higher commission fees. These platforms
typically set market prices by adding a delivery fee to the restaurant’s price (Christopher 2023).
Additionally, DoorDash offers another service called DoorDash Storefront, which does not charge
restaurants a commission fee. However, in this case, DoorDash charges customers a higher delivery
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Meituan and Eleme, employ fixed-price contracts. In these arrangements, restaurants determine
the final online food price, including delivery fees or discounts, while the platforms charge a fixed
commission fee (Eleme 2024).

Similarly, platforms have implemented various strategies to manage delivery drivers and control
labor supply. Specifically, platforms can adjust drivers’ wages in the market, thus flexibly regulating
the number of delivery drivers. A representative example is the crowdsourcing model used by Uber
Eats, DoorDash, Meituam, and Eleme, where crowdsourced drivers are typically part-time workers
and casual labor from the local community. Alternatively, platforms can establish more stable
arrangements with drivers by offering fixed wages through fixed-wage contracts. Both Meituan
and Eleme provide dedicated delivery drivers with fixed hourly wages, distinguishing them from
crowdsourced drivers. Additionally, regulators have begun enforcing minimum wage laws to protect
gig workers. For example, the New York State Supreme Court has mandated that DoorDash and
Grubhub must pay their delivery drivers at least $17.96 per hour or 50 cents per minute of delivery
(PYMNTS 2023, Lindeque 2024). This minimum wage functionally acts as a fixed-wage contract,
as platforms are usually unwilling to pay more than these minimum wages. With many countries
enacting laws to reclassify gig workers as employees, we anticipate that fixed-wage contracts will
become increasingly prevalent (Hu and Liu 2023).

Given the various challenges faced by online food delivery platforms, such as government reclas-
sification of gig workers as employees, the increasing number of gig workers choosing to work
across multiple sharing economy platforms (due to the self-scheduling nature of their work), and
regulatory efforts to enforce minimum wage standards, platforms must strategically manage their
interactions with customers, restaurants, and delivery drivers to achieve success. First, platforms
should understand how the self-scheduling nature of supply affects market competition between
the online and offline channels. Different contractual relationships in these three-sided markets
(i.e., the dynamic/fixed-prices/wages contracts) raise questions about the relative performance of
these contracting schemes for players involved in such a market, particularly the restaurant, the
platform, and the whole food delivery chain. Moreover, given the recent scrutiny of the government
and the regulatory body to protect gig workers, it is interesting to study gig workers’ welfare under
different contracting schemes and to understand better how the regulatory body should deploy its
regulations to protect not only gig workers but also the other players in the market and society as
a whole.

To answer these questions, we develop a game-theoretic model in which a restaurant serves
customers through two competing channels, the dine-in offline and online through a food delivery
platform. Customers can either visit the restaurant in person or place orders on the platform, which

matches delivery demands with the labor supply of delivery drivers. We assume the customers are



sensitive to the prices of the two channels, and the demand of each channel is linear in the prices.
Delivery drivers are self-scheduling, and the wages offered by the platform determine their labor
supply. We investigate three common contracting schemes in practice: dynamic-price/dynamic-
wage (DD) contract, fixed-price/dynamic-wage (FD) contract, and dynamic-price/fixed-wage (DF)
contract. By deriving the equilibrium market outcomes for these contracts, we first investigate how
the self-scheduling nature of drivers affects the contractual relationship between the platform and
the restaurant, as well as the resulting market outcomes. We then study the platform and the
restaurant’s preference over these contracting schemes by comparing the market outcomes under
each contract. Finally, we assess how minimum wage regulations, whether based on hourly rates
or per delivery, impact drivers, society, and the overall food delivery chain.

To examine the impact of self-scheduling drivers in the sharing economy on the food delivery
market, we first examine a benchmark case in the traditional economy, where driver supply is
exogenous. In the benchmark case, all the contracting schemes result in identical market outcomes;
that is, online and offline prices and demands are the same, with only the division of profit differing
between firms. In contrast, all these contracting schemes yield quite different market outcomes
under the sharing economy. Moreover, we illustrate that the traditional economy demonstrates
more intense market competition than the sharing economy if the fixed labor supply of the delivery
drivers is larger than the endogenously determined supply of drivers in the sharing economy. In
other words, the sharing economy would soften market competition only if the platform has an
ample labor supply in the traditional economy.

We also find that the DF contract results in the most fierce competition between the online
and offline channels. In particular, under relatively high supply costs, the DF contract results in
an oversupply in the online channel compared to a centralized scenario. Under the DF contract,
commitment to a sufficient supply aligns both firms’ incentives to set lower margins in the online
channel, thereby intensifying competition between the online and offline channels. This oversupply
is unique to the sharing economy. In a competitive two-sided market, Zhang et al. (2022a) and
Hu and Liu (2023) show that wage commitment can intensify market price competition only when
competition in the supply market is more intense than in the demand market. Our findings may
seem similar, but they are in nature. Additionally, we show that, despite its common use, the DD
contract results in the softest competition between online and offline channels, leading to reduced
online demand for the platform.

The FD contract outperforms the others for the platform, while the DD contract delivers the
worst performance unless the supply cost is excessively high. In the FD contract, the platform
delegates the online channel pricing to the restaurant but sets its commission first. Since the only

lever the platform can use to match labor supply with the online demand in the market (i.e., the last



stage) is the delivery wage offered to the drivers, the restaurant has to reduce its margin to induce
larger online orders, incentivizing the platform to raise the drivers’ supply through higher wages.
In contrast, the DD contract allows the platform to adjust both online prices and delivery wages
simultaneously. Such flexibility for the platform enables the restaurant to soften competition by
raising its margin, which negatively impacts the platform’s profitability. The DF contract performs
moderately for the platform. Under the DF contract, the platform finds it optimal to boost the
labor supply of drivers by committing to a high wage, which motivates the restaurant to charge
lower margins in the online channel, expecting competitive prices from the platform in the online
channel. However, the increased wage moderates the effect of higher online orders on the platform’s
profit.

The restaurant prefers the DF contract, except for the extremely high supply costs. This con-
tract’s advantage for the restaurant lies in its ability to align better the incentives of both the
platform and the restaurant to lower their margins and boost online orders. Under this contract,
the platform commits to an ample supply of drivers first through high wages. The restaurant would
then reduce its margin, knowing that the platform does not have any incentives to charge a high
delivery fee for online channel customers as it is already committed to an ample labor supply of
drivers. Such coordination in the online channel pricing benefits the restaurant and maximizes the
whole chain’s profit among all these contracting schemes (unless the supply cost is high). Given
the platform’s preference for the FD contract and the DF contract’s optimality for the restaurant
and the overall food delivery chain, we propose a new DF contract with subscription fees. This
revised contract could enhance profits for both the platform and the restaurant and improve the
surplus for drivers and customers compared to the platform’s preferred FD contract.

With the rise of the sharing economy, the employment status of gig workers has become a
contentious issue globally (Sun et al. 2023). Regulators are considering setting either a minimum
wage (per hour) or a wage rate (per delivery) to enhance drivers’ welfare. Our analysis reveals that
these approaches have different implications for the food delivery market. While a relatively high
minimum wage can help the food delivery chain and all parties involved in the online food delivery
market benefit (only the platform loses), a relatively high wage rate can harm all players in the
food delivery market. In particular, we show that the platform’s commitment to a low enough wage
rate can improve the coordination between the restaurant and the platform’s pricing, resulting in
competitive online prices. This increased competition can drive up online orders, benefiting drivers,
customers, the restaurant, and the overall food delivery chain.

The rest of the paper is organized as follows. First, we review the literature in Section 2; then,
we introduce our model in Section 3. The following section elaborates on the analysis, while Sec-

tion 5 compares the performances of different contracting schemes. Section 6 presents numerical



experiments that help us improve our understanding of the problem, while Section 7 incorporates

two extensions of the model. Finally, we conclude with managerial insights in Section 8.

2. Related Literature

This paper contributes to the literature on multi-sided markets. Amid the extensive literature on
two-sided markets in economics (e.g., Caillaud and Jullien 2003, Rochet and Tirole 2003, Andrei
2009), a growing body of operations management literature has studied the sharing economy.
Within this field, some papers focus on the operational aspects of price and wage design. For
instance, Banerjee et al. (2016) examine a scenario where the wage is an exogenous proportion of
the price to show that static pricing is effective. In contrast, Cachon et al. (2017) study pricing
schemes in which both the price and wage are endogenous. They find that surge pricing can achieve
nearly optimal profit, and all stakeholders can benefit from surge pricing on a platform with self-
scheduling capacity. Hu and Zhou (2020) show that it is optimal for the platform to offer a fixed ratio
commission for drivers, which depends on the price and wage sensitivity coefficients of the linear
demand and supply functions, while Garg and Nazerzadeh (2022) propose an incentive-compatible
pricing mechanism for drivers in response to surge pricing. Taylor (2018) examines how delay
sensitivity and agent independence affect a platform’s endogenous pricing and waging decisions.
Our context differs from the above literature, as it investigates the contractual relationships not
only between the platform and drivers but also between the platform and the restaurant.

In two-sided markets, researchers have studied precommitment to wage or price in competitive
settings. Hu and Liu (2023) investigate how commitment to price or wages can soften market
competition. In particular, they show that platforms can benefit from commitment through softened
competition if competing platforms commit to wages in the supply market or prices in the demand
market, whichever is less competitive. In particular, this study extends the Kreps and Scheinkman
equivalency (Kreps and Scheinkman 1983), demonstrating that precommitment to capacity results
in reduced price competition. Zhang et al. (2022a) examine three common contracting schemes in
two-sided markets, investigating the role of self-scheduling drivers on the platform’s profitability.
They demonstrate how the relative intensity of competition in the demand vs. supply market affects
the platform’s choice of contract. Moreover, they reconfirm the findings of Hu and Liu (2023). In
contrast to these papers, while investigating wage commitment, we consider a three-sided market
where market competition is between a platform’s online channel and a restaurant’s dine-in offline
channel.

This research mainly contributes to online food delivery (OFD) services literature. Within this
field, one stream of studies investigates factors that affect delivery performance. For example, Mao

et al. (2019) empirically show that a driver’s individual local area knowledge and prior delivery



experience can reduce late deliveries significantly. Based on data from a major Chinese food delivery
platform, Zhang et al. (2023) show a high restaurant density reduces the delivery speed. Addition-
ally, Chen and Hu (2024) examine the impact of dedicated versus pooling dispatch strategies on
delivery performance, mainly when customers are sensitive to delays. Several studies empirically
examine the economic effects of on-demand delivery platforms on restaurants. For example, Li and
Wang (2024a) show that, generally, restaurants can benefit from selling through delivery platforms,
and the overall positive effect on fast food chains is stronger than that on independent restaurants.
Unlike the above findings, Karamshetty et al. (2023) illustrate that the dependence on the platform
might reduce the sales revenue from high-margin items.

Another stream of research in this area focuses on the contract design between platforms and
restaurants to achieve better performance for the food delivery chain members. Specifically, Oh
et al. (2023) show that a contract with sharing food revenue and splitting the delivery costs and
fees between platforms and restaurants can achieve the first-best profits. Similar to this paper,
Feldman et al. (2023) and Chen et al. (2022) also illustrate that simple revenue sharing has inherent
drawbacks and fails to coordinate the system. In Feldman et al. (2023), they propose a generalized
revenue-sharing contract that can coordinate the system, while Chen et al. (2022) find that a
simple revenue-sharing contract with a “price ceiling” on the delivery menu price coordinates the
system. Regarding the regulatory issue in the context of on-demand food delivery, Li and Wang
(2024b) discusses whether the government should set an upper bound on the commission rates
asked by platforms. Zhang et al. (2022b) investigate the government’s policy design to curb traffic
incidents brought by delivery drivers. While these studies enhance our understanding of the online
food delivery market from various perspectives, they often focus on issues involving only one or two
parties, neglecting the market’s three-sided nature. In contrast, our research models the contractual
relationships among platforms, restaurants, and drivers to capture the intricate dynamics of this
market.

A few recent studies on online food delivery platforms consider the market’s three-sided nature.
Bahrami et al. (2023), for instance, characterize the optimal commissions and wages from the per-
spective of a profit-maximizing or welfare-maximizing platform when customers are time-sensitive.
Liu et al. (2023) adopt a state-dependent queuing model to study the platform’s revenue max-
imization problem, where customers, deliverers, and restaurants make independent participation
decisions. Unlike these studies, we consider the sequential moves in contracting in the three-sided
market and focus on contractual performance. In this line of research, Sun et al. (2023) are perhaps
the closest to our work. Sun et al. (2023) study the three-sidedness of the OFD market and examine
two competing platforms’ optimal choices in a setting where the platforms compete on both prices

and service quality. They show that the platforms’ incentive to exploit the market’s three-sided



nature is significantly affected by two key factors: whether consumers benefit from service improve-
ment and the intensity of interaction in the buyer-seller market. Our paper differs from this paper
in several distinct ways. First, their study considers the competition between platforms, whereas
we consider a single platform in the market and we examine competition between the online and
offline channels. Moreover, the emphasis in our paper is on the contractual relationships between
a platform, a restaurant, and self-scheduling drivers.

3. Model

We consider a stylized three-sided food delivery market in which an online platform connects a
restaurant, a group of delivery drivers, and customers seeking catering services. The restaurant
contracts with the platform to expand its market base so customers can order food online through
the platform. Since delivery drivers are self-scheduling and have alternative work options, the
platform must offer competitive wages to incentivize them to fulfill online orders. Besides the online
channel, the restaurant also provides a dine-in offline channel, where customers can commute to

the restaurant and get dining service.

3.1. Demand Specification
We assume the online and offline channels are differentiated, and customers are sensitive to prices

in these channels. We use a linear demand system to model the channel demands as follows.

Qo= 15 — 122D + 22Dy, (1)
4 =175 — 752 Pr + 12 52Po (2)
where g, is the online demand, i.e., orders placed at the platform, and g; represents the dine-in
offline demand. p, and p; represent full market prices in these channels, including delivery fees
or discounts for online and offline prices. The marketing and economics literature has extensively
studied such linear demand systems to model differentiated duopolies (Singh and Vives 1984, Jerath
and Zhang 2010). In the above model, 8 (0 < 8 < 1) represents the degree of differentiation between
the online and offline channels. When 3 equals zero, the two channels operate independently. As 3
increases, the competition between these two channels becomes more intense. When [ approaches
one, the two channels become fully substitutable, leading to perfect competition between the two
channels in the market. Intermediate values of § represent varying degrees of differentiation.

We use this demand specification because it has two desirable characteristics: as the differen-
tiation between these two channels increases (i.e., 8 decreases), the price sensitivity 1/(1 — 3?)
decreases. This is consistent with the idea that customers are less price-sensitive to more differ-
entiated products. Additionally, the total potential market size in this demand model 2/(1 + ()
decreases in 3, which aligns with the intuition that more differentiated products can reach a broader
customer base. We have also explored other popular demand models where the total market size
remains unaffected by the degree of product differentiation. In the extensions, we evaluate how

variations in the relative market potentials for online and offline markets impact our findings.



3.2. Labor Supply of the Delivery Drivers
The platform must attract enough drivers to provide delivery services for customers ordering at
the online channel. We use a linear model to characterize the labor supply of the delivery drivers,
which increases with the wage offered by the platform. In particular, we assume that the labor
supply of the delivery drivers is given by,

s(w) =[—a+bw]*, (3)

where w represents the wage paid by the platform to the delivery drivers, and s(w) denotes the
labor supply provided by the delivery drivers. a (a > 0) represents the attraction of working options
other than the online platform for drivers, and b measures the delivery drivers’ sensitivity to the
platform’s wage. A lower value of @ indicates that working for the platform is becoming more
attractive compared to the outside option (for example, due to the flexibility of the self-scheduling
feature of the platform). In contrast, a lower b indicates that working for the platform vs. the
outside options is becoming less of a substitute, i.e., attracting drivers becomes more costly. In
addition to the above wage-dependent model, an alternative formulation based on the wage rates
is developed in Section 7.

A transaction in the online channel happens only when the platform matches an online order
with a delivery driver. Suppose the online demand exceeds the labor supply of the drivers. The
platform will randomly assign a limited supply of drivers to the online orders, and the food delivery
chain will lose the unsatisfied demand. If the labor supply exceeds the online demand, the platform
will assign limited online orders to the drivers (randomly), and the extra supply will be wasted.
Therefore, the transaction volume of the online channel in our model is given by min(s(w),q,).
This proportional rationing is a quite common assumption in the literature (e.g., Hu and Liu 2023,
Zhang et al. 2022a).

3.3. The Platform and the Restaurant

The platform and the restaurant cooperate in the online channel to provide food delivery services
to customers; at the same time, the online channel competes with the offline dine-in channel that
the restaurant completely controls. Both firms seek to maximize their profits. We can formulate
the profit function for the platform as

7, = min(s(w), q,) (m;, — w), (4)
and the profit function for the restaurant as

7t =min(s(w), g, )m, +psqy, (5)

where the superscript i € {F'D, DD, DF'} represents three different contracting schemes between

the platform and the restaurant, as we will introduce in detail in the next subsection. m; and m,
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are the online channel profit margins for the platform and the restaurant, respectively. Unlike m,.,
m; can take different forms in different contracting schemes, as we will show in detail in Section
4. We simplify m,. to m throughout the paper.
3.4. Contracting Schemes
We study the following three contracting schemes governing the relationships between the restau-
rant, the platform, and delivery drivers in this three-sided food delivery market.
Fized-price/dynamic-wage (FD) contract Under this contract, the platform sets a commission
fee charged to the restaurant first, allowing the restaurant to set the online channel price (that
might include a delivery fee) alongside the offline channel price next. The platform then moves last
to set the wage for the delivery drivers. The FD contract indicates that when the platform sets its
wages for the delivery drivers, the online channel price is already known and set by the restaurant,
i.e., the labor supply side of the platform is set after the demand side.
Dynamic-price/dynamic-wage (DD) contract Under this contract, the platform first asks for a
commission fee per delivery. Next, the restaurant sets its margin for online orders alongside the
dine-in offline prices. Then, the platform sets the final online price by posting its delivery fee or even
providing a discount to online customers. Meanwhile, it also sets the wage for the delivery drivers.
The DD contract refers to the fact that both the online channel price and the drivers’ wage are set
simultaneously in the market, i.e., the labor supply and demand sides are set simultaneously.
Dynamic-price/fixed-wage (DF) contract Under this contract, the platform first announces the
wage for the delivery drivers alongside the commission fee per delivery to the restaurant. The
restaurant then sets the margin it charges the platform for online orders alongside the dine-in
offline prices, and the platform announces its delivery fees or discounts to set the online channel
price at the end. The DF contract refers to the fact that when the platform sets its online channel
price in the market, the wage for the drivers is already known as the platform has committed to it

at the first stage, i.e., the labor supply side of the platform is set before the demand side.
Figure 1 provides a schematic view and decision sequence of the three contracting schemes. To

rule out trivial cases, we make the following assumption throughout this study.

ASSUMPTION 1. The model parameters satisfy b> 1fﬁ.
This assumption implies that the delivery drivers are responsive enough to the wages, so the cost
of providing incentives for delivery drivers is not excessively high as a low b might imply. This
assumption ensures that the demands of the online and offline channels are positive in all three
contract schemes. If not, the platform and the restaurant will find the online channel unprofitable.

We use backward induction to establish the equilibrium contracts. We summarize the notations

used in this paper in Table A.1, and all proofs are provided thereafter.
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Figure 1: Schematic View of the Three-Sided Market under FD, DD, and DF Contracts.

[ Ofﬂinei Onlir;e ]<—>[ Dr}vers] [ (Sfﬂinei Onlin,e ]<—>[ Dr}vers ]

(a) Fixed-price/dynamic-wage (FD) contract (b) Dynamic-price/dynamic-wage (DD) contract

[ Offline Online ]4—’[ Drivers ]

(¢) Dynamic-price/fixed-wage (DF) contract

3.5. Benchmark Models
In this subsection, we study two benchmark models: The centralized case and the fixed-labor-
supply case. First, in the centralized case, we assume that a decision maker sets the online and
offline channel prices and the drivers’ wages to maximize the profit of the entire food delivery
chain. It allows us to compare the performance of different contracting schemes vs. that of the best
achievable profit. Second, in the fixed-labor-supply case, we assume that the labor supply of the
drivers is exogenously given. It allows us to understand better the effect of the self-scheduling labor
supply in the sharing economy. In what follows, we first characterize the equilibrium decisions of
the players in the two benchmark models. Then, we investigate the equilibrium outcomes of the
three contracting schemes in the sharing economy in the next section.

3.5.1. The Centralized Case In this benchmark case, a centralized decision maker sets the
online and offline channel prices, p, and ps, and the wages for the delivery drivers w to maximize

the profit of the food delivery supply chain:

¢ = max min(s(w), q,)(po — w) +psqs, (6)

W,PosP §
where II¢ is the sum of the sales profit from the online and offline channels. This case serves as a
benchmark to evaluate the performance of different contracting schemes for the entire food delivery

chain. The following lemma characterizes the equilibrium outcomes (denoted by superscript “C”).

LEMMA 1. In the centralized model, the online and offline channel prices and the wages for the

drivers are,

Cx _ (1=p*)(atb)+2-8
Po = "a-me2 g;
pf :§7 )
wC* = atb=B)+2ab(1-B7) (9)

2b(14+b(1—(2))
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3.5.2. The Fixed-Labor-Supply Case In this benchmark case, we study three sub-cases of
the contracting schemes introduced in the main model but assume that the platform has a fixed
supply of drivers, denoted as §, and their wage is also constant at c¢. The profit functions of the
platform and the restaurant are,

7TIJ7: = min(8, qo)(m; —0), (10)
™) =min($, ¢,)m + psqy, (11)
respectively, where j € {BFD,BDD,BDF'}, represents the benchmark sub-cases of three con-
tracting schemes (the FD, DD, and DF contracts) with fixed labor supply of drivers (see Section
C.2 in Online Appendix C for more details). Comparing these benchmark models with the ones
with self-scheduling drivers can help us evaluate the impact of the sharing economy. The following

lemma establishes the equilibrium outcomes of these benchmark sub-cases.

LEMMA 2. If the labor supply of the drivers is given by §, we can establish the following.
(i) The equilibrium online and offline channel prices of the three benchmark sub-cases are the

same as follows,

2-p-23(1-5%) 1y f s< Ao (12a)
(pBFD* pBFD*) _ (pBDD* pBDD*) — (pBDF* pBDF*) — 2 2 v S>> 1)
e oS o (o=t if 82k (120)

(ii) The equilibrium online demands of the three benchmark sub-cases are also the same as,

R . ~ 1-B8—c 13a
gBFD* — ¢BDD* _ (BDFx _ 31 , if §< 1 z)> ((13b;
M - h —B—¢c . ~ —pb—cC
A(1-5%) REEES el

Lemma 2 shows that when the exogenously given labor supply is ample, the platform and the
restaurant choose the profit-maximizing prices; otherwise, the online channel price is a function of
labor supply, and the fixed size of supply limits the online sales. Additionally, an important obser-
vation in the above lemma is that these three contracting schemes result in the same online/offline
channel prices and demands when the labor supply of delivery drivers is exogenous. Consequently,
the identical market outcomes lead to the same food delivery chain’s profit across all contracts.

Following Lemma 2, we express the contract equivalency for benchmark cases next.

COROLLARY 1. If the labor supply of drivers is exogenous, then the FD, DD, and DF contracts

result in the same market outcomes.

This corollary implies that when the supply is exogenously given, the contracting dynamics
between the platform and the restaurant do not affect the market outcomes; the change in the
decision sequences in these contracts only affects the profit distribution between the firms. In the
next section, we demonstrate that the established equivalency in Corollary 1 fails to hold as we

incorporate the sharing economy with self-scheduling delivery drivers.
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4. Analysis

In this section, we first derive the equilibrium outcome in the sharing economy, where the drivers are
self-scheduling, responding to changes in the platform’s waging under different contracting schemes.
Then, we compare the market outcomes of the three contracting schemes with the benchmark cases
to show the impact of self-scheduling delivery drivers. Finally, we present a sensitivity analysis of

the market outcomes concerning the channel differentiation and labor supply parameters.
4.1. The Fixed-Price/Dynamic-Wage (FD) Contract

Under the FD contract, the platform first announces the commission fee r it charges to the restau-
rant. Then, the restaurant decides the offline channel price alongside the online price by setting the
online channel profit margin m before the platform finally sets up the wage offered to the delivery
drivers. Therefore, the margin for the platform is given by mf D =y, and it chooses a commission

fee r to maximize its profit in the first stage:

max m, = min(s(w), g,) (r —w). (14)

Given the commission fee, the restaurant sets the offline channel price py and the online channel

profit margin m to maximize the following profit function in the second stage,

max 7, = min(s(w), ¢,)m + ¢;py. (15)
m,pf

The online channel price charged to the customers is composed of the commission fee charged
by the platform and the margin charged by the restaurant, which is given by p, = r 4+ m under
this contracting scheme. Therefore, the online and offline channel demands ¢, and ¢y are realized.
Finally, in the last stage of the game, given the commission fee and the online and offline prices,
the platform sets the wage w for the drivers to provide the labor supply s(w) to maximize the

following,
max 7, = min(s(w), ¢,) (r —w). (16)
Solving backward, we can characterize the equilibrium outcomes in the following lemma.

LEMMA 3. Under the FD contract, in equilibrium, the commission fee, the online and offline

channel prices, and the wage for the drivers are

FFDx — (1=8)(1+a(B+1)+b(1-5%)) (17)
- 1+2b(1—52) ’
FDs _ 14 (1-B)(1+a(B+1)+b(1-5)) (18)
P, 2 24+4b(1—[2) ’
prpr—1 (19)
f 27
wFD* — atdab(1-5%)+b(1-p) (20)

4b2(2—2)+2b
Substituting for the equilibrium decisions, we can show that the platform matches supply and

demand. If the labor supply of the drivers exceeds the online channel demand, the transaction

volume matches the online demand. The platform can reduce the wage for the drivers to maintain
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the same transaction volume but result in a higher profit margin for the online channel. Therefore,
in equilibrium, the labor supply cannot exceed the online demand. On the other hand, if the
labor supply is smaller than the online channel demand, the transaction volume matches the labor
supply. Given the fixed commission fee, the platform’s profit depends only on the supply side and
is unrelated to the demand side. Therefore, the restaurant can increase the online channel price to
increase its profit margin until the online demand matches the supply.

4.2. The Dynamic-Price/Dynamic-Wage (DD) Contract

Under the DD contract, the platform first announces the commission fee charged to the restaurant.
Then, the restaurant sets the dine-in offline channel price alongside the margin it charges the
platform for online sales. Finally, the platform sets the delivery fee of d to adjust the online channel
price alongside the delivery drivers’ wages. Therefore, the online channel profit margin for the

platform is mf D —=p+4d, and it chooses a commission fee r to maximize its profit at the first stage:

max 7, = min(s(w), g,)(r +d — w). (21)

In the second stage, the restaurant decides the offline channel price alongside the online sales
margin m to maximize its profit, which is given by

max 7, = min(s(w), ¢,)m + ¢;py. (22)
m,pf

Finally, in the last stage of the game, the platform sets the delivery fee for the online customers

and the wage for the drivers to maximize its profit:

max =min(s(w),q,)(r +d—w). (23)

The online channel price charged to the customers comprises the commission fee and delivery fee
charged by the platform and the margin charged by the restaurant, which is given by p, =r+m-+d.
The online and offline demands are then realized after the platform sets the delivery fee. We employ

backward induction to derive the equilibrium outcomes under the DD contract.

LEMMA 4. Under the DD contract, in equilibrium, the online and offline channel prices and the

wage for the drivers are given by,

DD+ _ (1=5)(a+b(3—5))+2(2=5) (24)
ODD* . 4b(1—-B2)+4 ’ (25)
pf = 2
wPP — a(3+4b(17ﬁ2))+b(17ﬁ)_ (26)

4b(b(1—B2)+1)

The first observation in the above lemma is that the labor supply matches the online demand.
Unlike the FD contract, the platform under the DD contract utilizes both the delivery fee and the
wage for drivers to match the labor supply and the demand for the online channel. Intuitively, if

the online demand exceeds the labor supply on the platform, the transaction volume will equal the



15

number of drivers available. In this case, if the wage remains constant and the platform slightly
increases the delivery fee, it can maintain the same transaction volume while achieving a higher
profit margin. Therefore, demand cannot exceed supply in equilibrium. Similarly, supply cannot
exceed the online demand in equilibrium because the platform could increase its profit by reducing
the wage without lowering the transaction volume.

The next observation indicates that the commission fee set by the platform does not affect the
equilibrium outcome. The proof section demonstrates that the restaurant margin for online sales
is independent of r, and the online channel price set by the platform (that includes the delivery
fee) serves as a perfect substitute for the commission fee (see equation (C.24) in Online Appendix
C). This means that any increase in the commission fee charged by the platform would lead to
a decrease in the online channel price, while a reduction in the commission fee would result in
a higher online channel price. The Doordash marketplace falls into this category of contracts. It
offers Basic, Plus, and Premier Partnership Plans to restaurants, each with progressively higher
commission fees. Customers pay lower service and delivery fees to the platform when the restaurant
subscribes to the Plus and Premier Partnership Plans because these delivery fees decrease in the

commission fees paid by restaurants (Doordash 2023a).
4.3. The Dynamic-Price/Fixed-Wage (DF) Contract

Under the DF contract, the platform first commits to the wage paid to the delivery drivers and
asks for a commission from the restaurant. The restaurant then sets the dine-in offline channel
price alongside the margin charged to the platform for online orders. Finally, the platform sets the
online channel price by announcing the delivery fee for the customers. Therefore, the online channel
profit margin for the platform is mfF =17 + d under this contract. We can write the platform’s

problem in the first stage of the game as a function of the wage w and commission fee r,

max 7, = min(s(w), ¢,) (r+d —w). (27)

In the second stage, the restaurant sets the margin on online orders m alongside the dine-in offline

channel price p; to maximize its profit, which is given by

max 7, = min(s(w), ¢,)m + ¢;py. (28)
m,pf

Finally, the platform sets the online channel price by announcing the delivery fee d in the third

stage to maximize its profit:
max m, =min(s(w),q,)(r +d—w). (29)
Similar to the DD contract case, the online and offline demands are realized after the platform

sets the delivery fee, where the online channel price is given by p, =7 + d + m. We solve for the

equilibrium outcomes by backward induction, characterized by the following lemma.
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LEMMA 5. Under the DF contract, in equilibrium, the online and offline channel prices and the

wages for the drivers are

DFx _ 2a(1—B%)+2b(3—B)(1—B%)+2—p3 (30)
p%F = ) 8b(1—52)+2 ’ (31>
M % (1-5% 32

DF« __ 1—fB+4a(1-8
w = T1rma_p2) (32)

Like the previous two contracting schemes, the online channel demand matches the labor supply
in equilibrium under the DF contract. The platform sets the wage for the drivers before competing
with the restaurant’s offline channel. Once the wage is given, the number of drivers working for the
platform (supply capacity) is fixed. If the realized online orders exceed the fixed supply, then the
transaction volume is given by the supply of the drivers. Therefore, the restaurant and platform can
increase profit margins without changing the transaction volume. Conversely, suppose the labor
supply exceeds the online demand. In that case, the platform can decrease delivery drivers’ wages
in the first stage without changing the transaction volumes and the restaurant’s pricing decisions.

An interesting observation about all these contracting schemes is given in the following corollary.

COROLLARY 2. The equilibrium dine-in offline channel price is independent of the contracting
scheme between the restaurant, platform, and delivery drivers and is equal to those of the centralized

and fixed-labor-supply benchmark cases.

The equilibrium outcomes under all these contracting schemes indicate that the restaurant always

prefers to set the dine-in offline channel price equal to %, independent of the contracting scheme.
This observation corroborates that restaurants do not frequently change their dine-in prices, while
they might change their online prices more regularly.

4.4. The Impact of Self-Scheduling Drivers

To examine the impact of the self-scheduling drivers, we compare the equilibrium outcomes of the
three contracts in the fixed-labor-supply case (the second benchmark case, see Lemma 2 in §3.5.2)
with those under the sharing economy, where the labor supply of the drivers is self-scheduled. In
the fixed-labor-supply case, we assume a fixed number of drivers § working for the platform, and
the wage for the drivers c is exogenous. In the sharing economy, the drivers are self-scheduling, and
the platform can adjust the labor supply of drivers through the wage. To make a “fair” comparison,

we assign the value of ¢ in the fixed-labor-supply models to the equilibrium wage value of the three

contracting schemes, respectively. The following proposition characterizes our findings.

PROPOSITION 1. The equilibrium online channel price is lower in the sharing economy case than
that of the fixed-labor-supply case if and only if the equilibrium driver supply in the sharing economy

is greater than the fixed-labor-supply drivers §.
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Proposition 1 indicates that the sharing economy with self-scheduling drivers might intensify or
soften market competition compared to the fixed-labor-supply case, dependent on the level of the
fixed labor supply but regardless of the contracting schemes. In particular, if the fixed supply of
the drivers is limited, the platform and the restaurant will jointly set a high online channel price to
ensure a large profit margin. In contrast, in the sharing economy, the platform and the restaurant
will find it profitable to serve more customers by lowering the price in the online channel and
adjusting the delivery drivers’ wages. If the fixed labor supply is ample, the dynamics between the
platform and the restaurant will lead to fierce competition between the online and offline channels.
However, the platform and the restaurant would soften the competition in the sharing economy by
adjusting the delivery drivers’ wages and online channel prices.

The above finding is similar to the one discussed in Zhang et al. (2022a) in a two-sided market,
where two platforms compete for drivers and customers. They show that the effect of the sharing
economy on market competition is a function of the exogenous supply of drivers for these platforms.
If the fixed supply of the competing platforms exceeds the equilibrium supply in the sharing
economy, adopting the sharing economy would soften market competition between these platforms.
We extend their findings to a three-sided market, where a platform interacts with drivers and a
restaurant to provide food delivery services to online customers, competing with the dine-in offline
channel. If the platform has an ample fixed supply of drivers, diverting to a sharing economy model
to supply drivers can help the platform soften price competition in the market. However, as we will
demonstrate later, it might not be optimal for the food delivery chain to soften the competition
between the online and offline channels.

In the fixed-labor-supply case, the market outcomes are independent of the contractual structure
(see Corollary 1). However, this independence does not hold in the sharing economy, where the

platform can leverage the wage to control the labor supply of drivers.

PROPOSITION 2. The equilibrium market outcomes in the sharing economy depend on the con-
tract schemes. In particular,

(i) The DD contract results in the highest, and the DF' contract in the lowest online channel

DFx

prices, i.e., pPP* > pl'P > pDFx,
(i) The DF contract generates the highest, and the DD contract the lowest online demands, i.e.,
0" =g, 2 g
(iii) The DF contract offers the highest, and the DD contract the lowest wages for the drivers,

7;.6., wDF* Z wFD* Z ’UJDD*.

Part (i) of Proposition 2 shows that the market competition would be softened in the sharing

economy if the platform determines the final online channel price, setting the delivery fees, and the
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delivery driver’s wages simultaneously. In the DD contract, the platform has two levers to match
drivers’ supply with online channel demand in the market, i.e., changing the final online channel
price by charging different delivery fees or customizing the wages it offers to the delivery drivers.
Such flexibility, on the platform side, benefits the restaurant by charging a higher margin than the
other contracting schemes, in which the platform has only one lever to match supply and demand,
i.e., only the wage or the final online price.

Under the FD contract, the restaurant sets the online channel price while the platform controls
the delivery drivers’ wages to manage the labor supply. Since the only lever the platform can use
to match the labor supply with the online demand in the market is the delivery wage offered to
the drivers, the restaurant has to reduce its margin to induce larger online orders, incentivizing
the platform to raise the drivers’ supply through higher wages. This results in a more competitive
pricing strategy for the restaurant and generally higher wages compared to the DD contract.

Proposition 2 also indicates the most fierce competition in the food market happens under the
DF contract. Under this contract, the platform can set the labor supply of the drivers before
getting involved in the competition with the restaurant’s dine-in offline channel. We show that
the platform should provide a large supply of drivers when competing with the dine-in offline
channel. After the platform’s commitment to an ample supply of drivers (compared with the other
contracting schemes), the restaurant expects low delivery fees in the market as the platform has
already committed to an ample supply of drivers. Therefore, the restaurant reduces the margin
charged to the platform to benefit from larger online orders. In other words, with a commitment to
an ample supply, both firms can coordinate to reduce their margins in the online channel, increasing
the online channel’s competitiveness.

Our findings in part (i) justify parts (ii) and (iii), given that Corollary 2 establishes that the
offline prices are the same under all contracting schemes. Therefore, a lower online price indicates
a higher online demand, which also requires a higher wage to match the online demand and the
labor supply of the drivers.

The above findings deviate from the literature on quantity-then-price competition. The literature
suggests that when firms initially compete based on quantities and then on market prices, they tend
to limit their capacities to mitigate price competition later in the market (Kreps and Scheinkman
1983). However, this differs from our observations under the DF contract. While the platform’s
announced wage in the first stage indicates a capacity commitment, it is optimal for the platform to
commit to an ample supply (Part (ii) of Proposition 2) to intensify the market competition between
the online and offline channels. The DF contract fundamentally differs from the capacity-then-price
competition model in the literature. In the DF contract, the platform and the restaurant move

sequentially. After the platform’s commitment to the labor supply of the drivers, the restaurant
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moves next to set its margin per unit sold in the online channel alongside the dine-in offline prices.
Moreover, we assume the restaurant has an unlimited capacity (as it does not need delivery drivers)
to serve the dine-in customers. Given these distinct features of the food delivery market, we show
that the platform should commit to an ample supply of drivers to induce the restaurant to reduce
its margin and make the online channel more competitive. In other words, if the platform commits
to a low capacity to curb market competition in the first stage (similar to the capacity-then-price
competition), it is the restaurant that would benefit from the softened competition by charging a

high margin as the restaurant moves next, which hurts the platform’s profitability.

4.5. Sensitivity Analysis

In this subsection, we explore the impact of the substitutability of the online and offline channels
(£ on the market equilibrium under different contracting schemes. Additionally, we investigate how
the characteristics of the drivers’ supply market, i.e., a and b, affect the equilibrium outcomes,
where a represents the attraction of outside options other than the online platform for the drivers
and b measures the supply side sensitivity to wages. We establish the marginal impact of these

parameters in the following proposition.

PROPOSITION 3. Under the contracting scheme i € {F-D,DD,DF'}, we can establish:
(i) The online channel price pi* increases in a and decreases in b and [3.

(ii) The online channel demand q'* decreases in a and 8 and increases in b.

(111) The wage w™ increases in a and decreases in b and 3.

(iv) The platform’s and restaurant’s profits decrease in a and 3 and increase in b.

The first observation in Proposition 3 is that the effect of different parameters on the equilib-
rium outcomes is quite similar under all contracting schemes. Part (i) shows that as the channel
substitutability increases (i.e., as [ increases), the online channel price decreases (note that the
offline channel price stays the same). As the online and offline channels become more substitutes,
the platform (or the restaurant under the FD contract) should decrease its online prices. Similarly,
the driver’s supply becomes less costly as b increases or a decreases. A cheaper supply indicates
that the online channel price can be more competitive than the offline price.

Part (ii) indicates that the online demand decreases as the online and offline channels become
more substitutable. To understand why, we should recall our assumption about the characteristics
of the demand model. For many markets, including our online food delivery market, it is reasonable
to assume that less differentiated products will reach a smaller market (Abhishek et al. 2016). As
the online and offline channels become less differentiated, the total market potential for the food
delivery chain decreases. The platform (or the restaurant) has to reduce online food prices to fight

back. While the concession in online prices can alleviate the effect of an increase in 3, the online
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demand still suffers and would decrease. Such a reduction in online demand also indicates that the
wages for the delivery drivers would decrease in (3.

Our observation in part (ii) also justifies the findings on the delivery drivers’ wages. In particular,
as the competition between the online and offline channels increases, the reduction in the online
demand and the fact that the platform matches supply with demand, in equilibrium, indicates that
the required wage for delivery drivers would decrease.

The above proposition also shows that both the platform and the restaurant would lose as
the online and offline channels become less differentiated or as the supply market becomes more
expensive (i.e., an increase in a or a decrease in b). A less differentiated food delivery market
indicates lower online demands with lower online channel prices. While it also indicates lower wages
for drivers, the reduction in online demand has a more profound effect on the profitability of both
the platform and the restaurant. Similarly, a more expensive supply market cannot help any of
these firms benefit as they need to share the burden of a more expensive supply.

5. Comparison of Contracting Schemes

The online food delivery market features a variety of contracting schemes, prompting a key question
for all involved parties: the platform, the restaurant, the customers, and the delivery drivers. Which
contracting scheme is the most advantageous from each one’s perspective? This question gains
significance considering the earlier findings that the equilibrium outcomes of the three contracting
schemes may display different characteristics. Moreover, this question is relevant in the sharing
economy, as all contracting schemes result in the same market outcomes in the traditional economy
where the labor supply of the drivers is fixed. In the sharing economy, the platform has to provide
the right incentive to the delivery drivers to match their labor supply with the online demand.
5.1. The Platform’s and the Restaurant’s Preference over the Contracting Schemes
The following proposition compares the platform’s and the restaurant’s equilibrium profits under
different contracting schemes. Moreover, we present our findings for the food delivery chain’s profit,

which is defined as the sum of the platform and the restaurant’s profit, i.e., 72 = 7r’* + mix

ProprosITION 4. We can establish the following:
(i) For the platform, if b> S 52
(ii) For the restaurant, if b> gitgss, then wP™™* > wPP* > 1 'P*; otherwise, 7rTDD* > gD > glbx,
iii) For the food delivery chain, if b> —tY33  thep gDF* > gFDx > pDDx. jp L __ < p <
16(1—82) sc sc sc 8(1-8%)

—1+v3 FDx DF* DDx . : F Dx DDx DFx
16(1— 62)’ then i P* > mlt* > m2P* otherwise, mo.* > mo "% > m .

then ﬂ.FD* > 7.‘_DF* > 7.[.DD*’. OthET”LU'LSG FD* > 7.[.DD* > 7.‘.DF*

Part (i) of Proposition 4 indicates that the platform always favors the FD contract, while the
worst performance is attributed to the DD/DF contracts. Specifically, when the cost of supply is

excessively high (i.e., b< g please refer to Figure 2), the performance of the DD contract for

1 52)7
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the platform is better than the DF contract; otherwise, the platform prefers the DF contract. It
is straightforward to show that the restaurant charges the largest margins under the DD contract,
knowing that the platform has two levers to match the drivers’ labor supply and online demand.
This increases the online price, softening competition between online and offline channels, benefiting
only the restaurant. As a response to such an effect, the platform has two contracting choices: to
first commit to the margin and relegate online channel pricing to the restaurant (the FD contract),
or first commit to the wage offered to the drivers and still control the price in the online channel
(the DF contract). Part (i) demonstrates that the DD contract might have an advantage over the
DF contract for the platform only when the labor supply cost is pretty high. Note that the DF
contract results in the largest supply of drivers, which requires costly investment in labor supply
through high wages. Otherwise, both the FD or DF contracts improve the platform’s profitability
compared to the DD contracts. Furthermore, the platform always prefers FD over DF contracts;
the required wage is high in the DF contracts, while the margin charged needs to be low. This
boosts online demand at the cost of profit margin as the platform matches pre-committed supply
and demand.

Part (ii) characterizes the optimal contracting scheme for the restaurant. The FD contract per-
forms the worst for the restaurant. The reason is that the platform sets a high margin under the
FD contract before the restaurant sets the online channel price. Compared to the DD contract,
the restaurant has to reduce its margin to increase the online demand and persuade the platform
to offer a higher wage for the delivery drivers, given that the platform has only one lever left (i.e.,
the delivery wage) to match the labor supply of the drivers and the online channel demand. Alto-
gether, the FD contract results in the worst performance for the restaurant. Part (ii) also indicates
that the DF or DD contracts might be the best-performing contract for the restaurant. When the
cost of supply is not extremely high, the restaurant benefits from the DF contract (see Figure
2), as the high wages committed by the platform ensure an ample supply of drivers, making it
profitable for the restaurant to reduce its margin on online orders. As the supply cost significantly
increases, providing a large supply becomes particularly challenging for the platform, leading to
a substantial decrease in online demand/supply. In this case, the restaurant favors the contract
that offers a higher margin, namely the DD contract. However, our extensive numerical analysis
in Table 1 shows that the performance of the DD contract only barely surpasses that of the DF
contract for the restaurant. This is because, as b decreases to extremely low values, both the DD’s
advantage over the DF contract in margins and the DF’s online demand advantage over the DD
would diminish. As a result, while the DD’s profit for the restaurant can surpass the DF contract,

the benefit is quite negligible.
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Figure 2: Comparison of Profits under Different Contracting Schemes
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From the food delivery chain’s perspective, only the DF or the FD contracts can be the best-
performing contract. The DF contract often outperforms the other two. Like Part (ii), Figure 2
shows that the FD contract can arise as the best-performing contract for the food delivery chain
only when the labor supply cost is high. Our numerical investigation in Table 1 shows that even
though the FD contracts dominate the DF contracts for high labor costs, the performance gap
between the DF and FD contracts is quite small. Like the DD contract, the FD contract has
an online price advantage over the DF contract, while the DF contract has an online demand
advantage. As the supply becomes quite costly, these advantages diminish, resulting in somewhat
similar performances for the food delivery chain. Unsurprisingly, the DD contract arises as the
worst-performing contract for the food delivery chain unless the supply cost is excessively high.
As discussed earlier, the DD contract results in the minimum online orders among all contracts,
as it cannot coordinate the waging and pricing decisions between the platform and the restaurant.
Interestingly, when the restaurant prefers the DD contract over the DF contract, i.e., for extremely
costly supply, both the platform and the whole food delivery chain prefer the DD contract over the
DF contract, and according to Table 1, the advantage of the DD contract over the DF contract is
quite negligible.

Next, we investigate the food delivery chain’s online/offline demands and the efficiency of differ-

ent contracting schemes.

PROPOSITION 5. We can establish the following:

o

(i) For the food delivery chain’s demand, we have ¢P¥* + q]’?F* > qi'Pr + q?D* > qPP* + q})D*.

(ii) For the demand under the DF contract compared to the centralized case, if b < then

1
2(1-82)7
qPT* > ¢9* and ¢PF —l—q]’?F* > g5 —l—q?*; otherwise, q?¥* < q%* and ¢P** —|—qJ’?F* <q¢* —i—q?*.

o o
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The DF contract allows the restaurant and the platform to coordinate on an intensified compe-
tition between the online and offline channels, leading to low online prices and high online orders
and increasing the food delivery chain’s total demand, as part (i) of Proposition 5 indicates. Inter-
estingly, this contracting scheme can result in an oversupply/excessive demand (compared to the
centralized case) in the online channel. In particular, when the supply cost is relatively high, the
demand and supply under the DF contract surpass those in a centralized system. Expensive supply
indicates that even in a centralized system, investment in supply is low. The DF contract offers a
mechanism that allows the platform to increase online demand by committing to a high supply,
as we discussed before. The platform finds it optimal to commit more aggressively to supply when
the supply cost is high. In contrast, low supply costs indicate that the centralized model invests
heavily in the online channel, and the platform does not need to commit to excessive supply under
the DF contract.

In a competitive two-sided market, Zhang et al. (2022a) and Hu and Liu (2023) show that wage
commitment can intensify market price competition only when the competition intensity on the
supply side is greater than that on the demand side. We uncover intensified market competition
under the DF contract for a different reason in online food delivery markets, where the sequential
nature of decisions by the platform and the restaurant plays an important role, unlike the two-sided
markets, where two platforms move simultaneously to set their wages and then prices. The platform
moves first under the DF contract in the three-sided food delivery market. The restaurant moves
next, and then online and offline channels compete. We show that commitment to a high supply
of drivers is a lever for the platform to persuade the restaurant that it would charge competitive
delivery fees in the market to keep the online channel competitive, given its committed supply of
drivers. Such a commitment coordinates both firms’ incentives to charge low margins, making the
online channel competitive.

5.2. The Consumers’ and the Drivers’ Preference over the Contracting Schemes

While we are mainly interested in the food delivery chain’s performance, it is also essential to
study the effect of these contracting schemes on the other players, i.e., the delivery drivers and
the customers. We can find the equilibrium customer and driver surplus (C'S™ and DS, respec-
tively, for i € {FFD,DD,DF}), as defined in Equations (B.2) and (B.4) in Online Appendix B.1.
Furthermore, social welfare is represented by SW* (see Equation (B.5) in Online Appendix B.1).

The relative performances of the studied contracts are presented in the following proposition.

PROPOSITION 6. We can establish the following:
(i) For the customer surplus in equilibrium, we have CSP¥* > CSFP* > CSPP*,
(ii) For the driver surplus in equilibrium, we have DSPF* > DSFP* > DSDPD*

(iii) For the social welfare in equilibrium, we have SWPF* > SWED* > STy PD,
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The customers benefit from the DF contract, as Part (i) of Proposition 6 indicates. Our findings
in Proposition 2 help us explain this finding. While the offline price is independent of the contracting
schemes, the DF contract results in the lowest online prices, as it coordinates both the restaurant
and the platform’s incentive to charge lower online prices, which benefits the customers. The
customers are worst off under the DD contract as it results in the highest online channel prices
and the lowest online demand/supply, which hurts the online customers’ surplus.

The findings on the delivery drivers’ surplus in Part (ii) of Proposition 6 are unsurprising, as the
DF contract not only maximizes the wage but also results in the largest online demand/supply. The
commitment to an ample labor supply of drivers in the first stage incentivizes both the restaurant
and the platform to price the online channel competitively. This, in turn, boosts online demand,
necessitates higher wages, and ultimately increases the drivers’ surplus.

Proposition 4 shows that the DF contract usually arises as the dominant contracting scheme for
the food delivery chain. Parts (i) and (ii) of Proposition 6 indicate that for both the drivers and
customers, this contracting scheme dominates the others; therefore, it is not surprising that this
contract maximizes the social welfare among these contracts. The advantage of this contract lies in
its capability to coordinate the restaurant and the platform’s online channel pricing, pushing for a
larger online supply/demand. The only party that loses under this contract is the platform, which
prefers the FD contract. Notably, the FD contract performs better than the DD contract for both
customers and drivers. The worst performance of the DD contract in providing the right incentive
for the restaurant and the platform to coordinate their online pricing hurts both of them, as well
as customers and drivers, through high online prices and low delivery wages.

To protect gig economy workers, regulators have extensively discussed establishing minimum
wages. For example, NYC has passed a rule requiring online food delivery companies to pay a
minimum of $17.96 per hour before tips to delivery drivers (PYMNTS 2023). Our findings have
implications for the regulator. Commitment to a fixed wage (i.e., a minimum wage) that is not
excessively large can benefit not only the food delivery chain (in particular, the restaurant) but
also customers and drivers. Only the platform loses compared to its best contracting scheme, i.e.,
the FD contract. To make everyone benefit under the DF contract (compared to the optimal choice
for the platform, i.e., the FD contract), a DF contract that includes a subscription fee paid by
the restaurant to the platform can help all parties involved in the online food delivery market
benefit even under relatively high minimum wages (i.e., for the minimum wage < w?*). Such
a contract is guaranteed since the total food delivery chain’s profit is maximized under the DF
contract unless the supply is pretty expensive, and even if it is not the best-performing contract,
it performs quite close to the optimal one. A well-designed transfer from the restaurant to the

platform can make the platform indifferent between the FD and the newly designed contract. In
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contrast, the restaurant prefers the new contract to the FD contract, which minimizes its profit.
Such a transfer payment does not affect the equilibrium outcomes and, therefore, customer and
driver surplus. In practice, some platforms like Sesame have started to charge restaurants fixed
monthly fees (Joe 2021). Moreover, this contract interests platforms trying to increase their market
share, as it allows the food delivery chain to increase online sales while benefiting both the platform
and the restaurant.

The above discussion shows that a relatively high minimum wage might be beneficial not only for
the drivers but also for society. In Section 7, we show that a relatively high minimum wage rate has
different implications than the minimum wage commitment for the food delivery chain. This reveals
an interesting observation for regulators designing new minimum wage or wage rate regulations.
Next, the following section uses extensive numerical experiments to improve our understanding of
the contracting schemes studied and their relative performances.

6. Numerical Experiments

In this section, we use extensive numerical experiments to shed light on the relative performance of
the studied contracting schemes for the platform, the restaurant, and the food delivery chain. To
achieve this goal, we have considered the following ranges for the model parameters: g € [0.01, 1],
a € [0.01,1], and b € [0.1,1.9]. We divide the ranges for 5 and a (b) into 100 (10) equally placed
intervals and use a combination of these values to solve for the optimal contracting terms for all
the contracting schemes and the centralized case. We also assess the feasibility of these contracting
terms, ensuring that both the online and offline channels remain active in equilibrium. In total, we
analyze 44,458 different feasible scenarios.

=

.

with 7% <. Here f € {r,p,sc} and t,k € {FFD,DD,DF,C}. Tables 1 summarizes our findings.

We denote the loss of profit for firm f in scheme ¢ compared to scheme k as L}’k =

It demonstrates that the DF contract performs well for the food delivery chain compared to the
centralized solution, as the loss of profit stands at 0.54% on average, with a maximum of 4.12%
among all tested scenarios. The performance of the next best contract, i.e., the FD contract, is also
good at 1.05% loss of profit on average. The loss of profit for the DD contract is more significant,
averaging at 2.09%.

We use this table to illustrate that while the DF contract may not always be the optimal choice
for the food delivery chain or for the restaurant, as shown in Proposition 4, the profit loss is
relatively minor compared to the best-performing contracts. If the supply chain profit under the
DF contract is less than that under the FD contract, the average profit loss is 0.1%. Additionally,
the profit loss for both the supply chain and the restaurant under the DF contract compared to the
DD contract is quite negligible. Therefore, we claim that the DF contract arises as the preferred

contract for both the food delivery chain and the restaurant.
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Table 1: The Performance of Different Contracting Schemes

Loss of profit Average 10 percentile 90 percentile Maximum

LPFC 0.0054 0.0000 0.0165 0.0412
LEPC 0.0105 0.0001 0.0287 0.0609
Lbp.c 0.0209 0.0005 0.0533 0.0971
LDPFFED 0.0011 0.0000 0.0026 0.0215
LEP.PE 0.0055 0.0002 0.0135 0.0234
LPEDD 0.0008 0.0000 0.0028 0.0052
LpEDD 0.0006 0.0000 0.0019 0.0035
LPP.DE 0.0112 0.0003 0.0279 0.0514

Table 2: Demand Gap for Different Contracting Schemes

Demand Gap Average Minimum 10 percentile 90 percentile Maximum

KI’?F’C 0.2124 0 0.0661 0.3077 0.8899
KfD’C 0.3205 0.0190 0.2294 0.3853 0.3958
KI?D’C 0.5 0.5 0.5 0.5 0.5

KPpre 0.0284 0 0.0011 0.0714 0.1269
KFP.C 0.0416 0 0.0032 0.0939 0.1543
KPb.c 0.0596 0 0.0067 0.1268 0.1949

In addition to the profit loss, we also study the demand gap between each contract and the

centralized case, focusing on both the online demand and total demand. We define the demand

Q¥ Q|
QF

and t € {FD,DD,DF}, and @), denotes the demand for the online channel o or the total supply

gap in contract scheme ¢t compared to the centralized case C as K;’C = , where g € {0, sc}
chain sc. Table 2 illustrates the resutls. Despite its prevalence in practice, it is noteworthy that
the DD contract induces 50% less capacity than the centralized capacity. This also justifies the
poor performance of this contract compared to the centralized case. The online demand gap with
the centralized case reduces significantly as the platform adopts the FD or DF contracts. It is also
notable that even the DF contract results in about 21.24% loss/excess in online demand. For the
total demand, the change in offline demand moderates the changes in total demand under the DF
contract, as the total demand loss/excess stands at only 2.84%. Such a small gap in total demand
justifies our earlier finding that the DF contract can achieve more than 99.5% of the total profit
for the food delivery chain (on average). The lowest demand loss/excess under the DF contract
indicates better coordination between the restaurant and the platform to serve online customers

compared to the centralized case.

7. Extensions
In this section, we extend our model in two directions to examine the robustness of our findings. One
direction accounts for the utility of drivers who provide delivery service, and the other investigates

the robustness of our findings concerning the demand models for the online and offline channels.
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7.1. Utility Framework for Drivers

The labor supply model of delivery drivers used in the main body of this study has a limitation
in that it only considers the supply as a function of the wage offered by the platform. In other
words, it assumes that the platform pays the delivery drivers a certain wage per unit of time. In
practice, it is also common for drivers to get paid based on the number of deliveries they make.
Therefore, these drivers’ motivation to participate in food delivery is also a function of the online
channel demand rate (i.e., how busy they are with deliveries). While the supply model of the main
model captures the main characteristics of the labor supply of the drivers, it does not explicitly
account for the impact of the online demand rate on the supply of the delivery drivers. In the rest
of this subsection, we present a framework to address this issue and demonstrate the robustness of
our findings in the main model. Moreover, we reveal the implications of introducing the wage rate
into the labor supply model for the regulators designing mechanisms to protect the gig economy
workers (i.e., the drivers in our model).

Gig workers are in high demand, with platforms competing to hire them. They can choose when
and where to work based on the wages offered (Zhang et al. 2022a). As a result, many gig drivers
work for multiple platforms simultaneously and can switch between them in real-time. To model
this phenomenon, we follow the literature on differentiated duopolies (Abhishek et al. 2016, Sun
et al. 2023) and use a utility framework similar to Equation (B.3) (in Online Appendix B) to model
the drivers’ choice. Specifically, a representative driver can work for the platform or an outside
option. If he chooses to work for the outside option, he will receive a fixed amount of income per
unit of time y, while if he works for the platform, his expected wage is given by wgq,, i.e., the wage
rate paid by the platform times the online channel demand. Assume that the representative driver

maximizes the following utility function,

argmax U (wgo,y) = Lwd, + Loy — 312 = 312 = dl,l, (33)

prto
where [, and [, denote the amount of labor that a representative driver allocates to work for the
platform and the outside option, respectively, and ¢ represents the substitutability of working for
the platform vs. the outside option. Assuming that the thickness of the drivers’ supply market is

N, it is straightforward to show that the supply of drivers for the platform is given by

S = 71031;;51/ N. (34)

The above formulation of drivers’ labor supply captures the indirect network effect of online demand
on the supply side. In particular, increasing online demand also implies a greater interest from
drivers to work for the platform. This feature is mainly overlooked in the main supply model, given

by Equation (3). Substituting the supply equation, we solve for the equilibrium market outcomes
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under the three contracting schemes represented in the following proposition. All the proofs are

available from the authors.

PROPOSITION 7. If the labor supply of the delivery drivers is given by (34), we have,
(i) The online channel price satisfies p?P* > pEP* > pP¥*,
(ii) The wage rate for the delivery drivers satisfies wPr* < wfP* <wPP* but the wage paid to

DF* > qFD* F Dx > qDD*wDD*

delivery drivers satisfies q7

(iii) The online channel demand satisfies qP?** > ¢'P* > ¢PP*.

Proposition 7 confirms that introducing wage rates does not impact our main findings. In par-
ticular, while the wage rate under the DF contract is the minimum among all schemes, the total
wage paid to delivery drivers that incorporate demand rates (i.e., wg,) is still the maximum under
the DF contract. This finding also aligns with Parts (i) and (iii), confirming that the wage rate-
induced labor supply does not change the conclusions of the main model. In particular, the DD
contract has the highest online channel price, while the DF contract results in the most fierce
market competition. The intuition behind these findings is quite the same as that of the main
model.

The mechanism in which the DF contract delivers its good performance somehow differs between
the main and the wage rate models. When supply is only a function of the wage (i.e., the main
model), the platform has to commit to a high wage in the first stage to induce enough participation
by the drivers. However, when driver supply is a function of the wage and the demand rate together,
the platform should commit to a low enough wage rate, inducing the restaurant to reduce the
margin to provide the right incentive for the platform to post low delivery fees (knowing that the
platform pays a low wage rate); this aligns the platform and the restaurant’s incentive to make the
online channel competitive against the dine-in offline channel, by setting low online prices.

Next, we investigate how the introduction of the wage rate affects the players’ profitability in

the food delivery chain under different contracting schemes.

PROPOSITION 8. If the supply of the delivery drivers is given by (34), we have,

(i) If 0< N < $=%5 8";2, then wl'P* > wDP* > gDl otherwise, ml'P* > mDF™ > P,

(i) f0< N < ¢

then wPP* > gD¥F* > 7D otherwise, wPF* > gDD* > glDx,

8527
2
(iii) If 0 < N < =&y, then wlP* > abP+ > qlFe if 1oy < N < WBD@=D phen rlP+ >

DFx DD>~< . DFx FDx DDx
woTr >l P otherwise, ot >l P > .

(iv)For the customer’s surplus in equilibrium: CSP¥* > CSFP* > CSPP~,

(v)For the driver’s surplus in equilibrium: DSP¥* > DS¥P* > DSDPD*,
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While the utility formulation of the drivers’ supply is quite different from the supply formulation

in (3), Proposition 8 shows that our findings in the main model are pretty robust. In particular,

1—¢2
8—832

Proposition 8 indicates that when the supply market is pretty thin (i.e., N < ), which indicates
raising supply is excessively costly, the platform prefers the FD contract while the restaurant prefers
the DD contract. A thicker market, as it implies a cheaper labor supply, makes the restaurant
prefer the DF contract. Proposition 8 also characterizes how different contracting schemes affect
the drivers and customers. In particular, we can show that the DF contract with fixed wage rates
might benefit not only the restaurant but also the drivers and customers, which aligns with our
previous findings. Such a contract resembles the regulator’s move to set a minimum wage for the
delivery drivers per unit of time spent for actual deliveries. For example, the State Court of New
York has ruled that the food delivery platforms should pay the delivery drivers 50 cents per minute
of delivery before tips (Lindeque 2024). It is important to note that as Part (ii) of Proposition 7
implies, under DF contracts with fixed wage rates, while the platform commits to a low wage rate,
this commitment to the wage rate allows both the restaurant and the platform to coordinate on
charging low margins to keep the online channel competitive vs. the offline channel in the food
market. Competitive online pricing increases online orders, maximizing the wage drivers receive
under the DF with fixed wage rates compared to the other contracts. Notably, suppose the regulator
sets a minimum wage rate w that exceeds w”"™* (w >w""). In that case, such regulations can hurt
the drivers, the food delivery chain, and online customers through higher online channel prices and
lower online orders. To conclude, while a relatively high minimum wage can benefit the drivers
and the food delivery chain, a relatively high wage rate can hurt the drivers and the whole food
delivery chain.

7.2. An Alternative Demand Model

As mentioned earlier, one of the features of the online and offline channel demands in our main
model is that the total market size increases as the two channels become more differentiated.
However, this feature might only sometimes hold. In this subsection, we study a demand model
that assumes the total potential market size is independent of the degree of differentiation between
the channels. In particular, we adopt the model of Raju et al. (1995) and assume the online and
offline channel demands as

(35)

G=1—po+ B — Do), (36)

qr =a—p;+ B(Po—ps),

where « represents the relative potential size of the dine-in offline vs. the online channel. It is
essential to investigate the robustness of our findings as a changes. In particular, when o <1, the
online channel potential can be larger than that of the dine-in offline channel. In contrast, o > 1

implies a larger potential market size for the dine-in channel that customers prefer to get served
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at the restaurant. Substituting the demand model in (1) and (2) by (35) and (36), respectively, we
can establish Proposition B1 in Online Appendix B.2.

Proposition B1 shows that our findings in the main model still hold as we incorporate different
market potentials for the online and offline channels. In particular, the most fierce channel compe-
tition happens under the DF contract, while the DD contract softens channel competition. Similar
to our findings in Proposition 8, as long as raising the supply of drivers is not excessively expensive
(i.e., when b is not very low), the platform prefers the FD contract. In contrast, the restaurant
prefers the DF contract. Moreover, if working for the platform is attractive enough (i.e., b is large
enough), the food delivery chain would benefit from the DF contract through larger online orders.
Altogether, our findings in this extension subsection demonstrate that the relative market size

parameter a does not play a significant role in the relative performance of these contracts.

8. Discussion

The emergence of the sharing economy has prompted the evolution of digital platforms, which have
yet to be extensively studied in the literature. This paper addresses this gap by examining online
food delivery platforms’ pricing and waging decisions within a three-sided market. We provide
an analytical framework focusing on the key trade-offs a food delivery platform encounters as it
contracts with restaurants and gig economy drivers to provide food delivery services to customers.

In such a three-sided online food delivery market, the match of online demand and labor supply of
drivers requires careful management of the platform’s relationship not only with the self-scheduling
drivers but also with restaurants, as they are providing the food offered on the platform. With-
out self-scheduling drivers, we show that all the introduced contracting schemes have the same
market outcome for the food delivery chain. This observation falls apart as we incorporate the
self-scheduling nature of the delivery drivers’ supply for online platforms. All contracts result in
different market outcomes, highlighting the importance of modeling a three-sided market. Com-
pared to the traditional economy, resorting to self-scheduling service providers could soften market
competition if the traditional economy suffers from insufficient capacity.

Under the sharing economy, the platform always prefers the FD contract, while the restaurant
and the whole food delivery chain usually prefer the DF contract. In the FD contract, the platform
asks for large margins, knowing that the restaurant has to moderate its margin because it is the
platform that controls the labor supply through the wages offered to drivers. The DF contract
maximizes the online demand by coordinating the platform and the restaurant’s incentives to charge
low margins. While the platform and the restaurant move sequentially, commitment to a high wage
aligns both the platform’s and the restaurant’s incentives to offer competitive online prices. Given

the inferior performance of the DF contract for the platform, we propose a subscription fee to
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compensate the platform if it decides to implement the DF contract, so it would benefit not only
the food delivery chain but also customers and drivers.

Finally, we investigate different implementations of the minimum wage requirement contemplated
by regulators to protect drivers and increase social welfare. Given the optimality of the DF contract
for the food delivery chain, maximizing the driver’s and customers’ surplus and social welfare, we
show that a relatively high minimum wage can benefit all of them. In contrast, if the regulator
aims to control the minimum wage rate, then a relatively low rate can protect the drivers while
benefiting social welfare and the food delivery chain’s profit, as it coordinates the platform and
the restaurant’s incentives to increase the competitiveness of the online channel.

This paper only models the competition between a single restaurant’s online food delivery and
offline dine-in channels. Therefore, future research should investigate the robustness of the findings
when there is competition among multiple restaurants and platforms. Competition among these
firms can introduce new driving forces to shape the equilibrium outcomes. Another line of future

research can look for contracts that improve the entire food delivery chain’s performance.
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Online Appendix to “Online Food Delivery Contracting in
Three-Sided Markets”

Appendix A: Notations

Table A.1: Table of Notations

Symbols Description
I53 the degree of differentiation between online and offline channels
a attraction of outside work options for drivers
b delivery drivers’ sensitivity to the platform’s wage
Df offline (full) market price

Do online (full) market price

m, online profit margin of the platform
m online profit margin of the restaurant
d delivery fee

r commission fee asked by the platform
w driver’s wage

Qo online demand

q5 offline (dine-in) demand

S supply of delivery drivers

Ty firm f’s profit, f € {p,r,sc}

s loss of profit for firm f in scheme ¢ compared to scheme k, where f € {p,r, sc},
f

and t,k € {FFD,DD,DF,C}

c demand gap in scheme ¢ compared to the centralized case, where g € {0, sc},
and t € {FFD,DD,DF'}

the amount of labor that the driver allocates to work for the outside option
the amount of labor that the driver allocates to work for the platform

the substitutability of working for the platform vs. the outside option

fixed amount of income per unit of time for outside option

The thickness of drivers’ supply

relative potential market size of the dine-in channel vs. online channel

Kt

Q

P2 oS

Appendix B: Additional Analytical Results
B.1. Drivers/Customer’s Surplus

To derive the delivery drivers’ surplus while working for the platform, we apply the classical theory of

monopoly markets (e.g., Tirole 1988). The surplus is given by

2b

7a,+bw7" X
DS’ :/ (w' — e g = (atbul)? (B.1)
0

as a function of the supply parameters (a,b) and the equilibrium wages under the contracting scheme i €
{FD,DD,DF}. Substituting optimal wage w'* into Equation (B.1), we can get

FDx _ _ (a+b(8—1))>
DDx __ b(l—pB)—a
DS T 32(-bA2 4o )27
DFx _ _ (a+b(8-1))
DS = p(1—ab(AZ-1))2"

(B.2)

The market demand functions (1) and (2) follow from the consumption quadratic utility of a representative



customer:

U(mefvpmpf) =qo+q5 — %qf — %q? — B4 — DoGo — Dsqs- (B3)

Hence, the customer’s surplus under each contract is equivalent to the customer’s utility, that is, C'S? =
U4}, q5,05,0%), i € {FD,DD, DF}. Substituting optimal channel prices and demands p*, p¥, ¢.", ¢} into
Equation (B.3), we can get

CSFP* — a®(1-82)—2ab(8—-1)*(B+1)+b(8—1)(8+1) (b(B—1)(38+5)— 4)+1
2(1-p%)—2ab(8-1)* (ﬂ+(11)+2bb((ﬁﬁz1)1()B)~2F1)(b(ﬁ 1)(38+5)— 8)+4
DDx __ a a
cs - 32( —bﬂ2+b+122 (B'4)
CsDF*_4a2(1 B82)—8ab(1-8)2(8+1)+4b(1-5
B 8(1-4b(82-1))?

In addition, we define the total social welfare as follows (i € {F'D,DD,DF}):

)(b(1=5)(36+5)+2)+1

SWi=r!+nri+DS +CS". (B.5)

B.2. Results of the Alternative Demand Model

Following the analysis in Section 4, we can derive the equilibrium solutions for each type of contract, which
we omit here. Please contact the authors for detailed information. We then investigate how the introduction
of the alternative demand model affects the player’s profitability in the food delivery chain under different

contracting schemes. Results are shown in the following proposition.

PROPOSITION B1l. We can establish the following when the demand function is given by (35) and (36).

(i) The online channel price satisfies pPP* > pIP* > pPF+,

(i1) The delivery drivers wage satisfies wPF* > w?P* > wPP*,
(111) The online channel demand satisfies ¢°?¥* > qi'P* > ¢PP~.
(iv) For the equilibrium profit of the platform, if b> L, then wl'P* > gDF* > gD otherwise, 712" >
(v) For the equilibrium profit of the restaurant, if b> 2 then wPF* > gPP* > xl'P*: otherwise, 727 >
7T7L,)F* Z ﬂ.f‘D*.

(vi) For the equilibrium profit of the supply chain, if b> %, TR > plDx > gDDe o jf B < p <

(v/33-1)(8+1) * * * . : * * *
RSl then i P > wDEr > P otherwise, whP* > wDP > wDEx
Appendix C: Proofs of Main Results

C.1. Proof of Lemma 1

The total amount of supply is defined as s = —a + bw in Equation (3). Equivalently, this can be expressed as

__a+s
w= b

. To simplify our analysis, we consider the scenario where the centralized decision maker determines
the supply s. We then examine two cases: s > ¢, and s < q,, respectively.
(i) In the region where s > q,, a centralized decision maker maximizes its following profit:

“2) 4 pray,

¢ = max q,(p, —

$,P0sDf
st. s2>4q,.
First, we can show that the centralized decision maker’s profit decreases with s given any p, and p; as

a1’
ds

= —% < (. Thus, the centralized decision maker decreases s until s = g,. Substituting s = g, into its



profit, we can easily find that its profit is jointly concave in p, and p; because the Hessian matrix is negative

definite. Specifically, the Hessian matrix of II¢ with respect to p, and p; are given by

9p2  Opodp b(B2—1)2 b(82-1)2
o%1c a2né 28(=bB%+b+1) 2(b—1)82-2b
b(82-1)2 b(B2-1)2

[aZHC 221c ] l 26(B2-1)—2  2B(—bB2+b+1)
H = =

dpsdpo Op%

Hence, the optimal online channel price p, and the offline channel price p; satisfy % =0, % =0, simul-

op
taneously, and are characterized by p} = %’% and p} = % Substituting p; and p} back to s =q,,

. * a — . * a — a —p2
we obtain s* = Qb(t;;(%, and correspondingly, w* = +b2(;(1?;2127’;§21))ﬂ )

(ii) In the region where s < ¢,, a centralized decision maker maximizes its following profit:

19 = max s(p, — ) +pysqy,
5,P0sPf
st. s<q,.

First, we can show that the centralized decision maker’s profit increases with p, given any s and p; as % =
(B2-1)s—
B2-1

rr . Additionally, we find that as p, increases, online demand decreases because ggz = 62171 <0.
Hence, the centralized decision maker increases p, until ¢, = s, at which p, = 8(p; — 1) + (8% — 1)s + 1.
Substituting p, = B(p; — 1)+ (82 — 1)s+ 1 into its profit, we can easily show that its profit is jointly concave
in s and p; as the Hessian matrix is negative definite. Specifically, the Hessian matrix of II¢ with respect to

s and p; are given by

221¢ 521
o | 97 s | 26°-2-2 0
— | 220° 820 | — 0 92"
OpyOs Bp?
Hence, the optimal supply s and the offline channel price p; satisfy % =0 and % = 0 simultaneously,

and are characterized by s* = -2taf=1)

T 2p(B2-1)-2
(1-82)(a+b)+2-8
2b(1—382)+2

and p} = % Substituting s* and p} back to p,, we can get p; =

a+b(1—B)+2ab(1—8?)
26(14+6(1-B2))

, and correspondingly, w* =
In summary, we find Case (i) and Case (ii) (s> ¢, and s <g,) lead to the same equilibrium results shown
in Lemma 1. Consequently, we have the following equilibrium quantities and profits:
5" =5 = gazihtn o = Gl
(C.1)

II°* — a?—2ab(1—B)+2b%(1—8)+b
B 4b(b(1-52)+1) ’

O

C.2. Proof of Lemma 2

In this proof section, we first detail the firm’s profit under each sub-case and then solve for the equilibrium
decisions in the BFD, BDD, and BDF contracts, respectively. Subsequently, we compare the equilibrium
outcomes of these three contracts.

Fixed-price/dynamic-wage contract (BFD). Under this contract, the platform first announces its
commission fee of r to the restaurant. Then, the restaurant sets the dine-in channel price p; and the online
channel price p, by setting the online profit margin m. In this sub-case, the profits of both the platform and

the restaurant are given by:

ﬂfFD(r) =min(§,¢,)(r —c),

(C.2)
5P (m,py) =min(8, ¢,)m + psqy, (C.3)



where min($, ¢,) denotes the online sales, with § being exogenously given. In this case, the platform’s margin
is given by mfF D — . Additionally, the online channel price is the sum of the commission fee charged by
the platform and the margin set by the restaurant and is given by p, =m +r.
Dynamic-price/dynamic-wage (BDD). Under this contract, the platform first announces its commis-
sion fee r to the restaurant. Then, the restaurant sets its dine-in channel price alongside the online sales
margin, m for each online order. Finally, the platform determines the online channel price by setting the
delivery fee d for online orders. The platform and restaurant’s profit are given by
72PP(r,d) = min(3,q,)(r +d—c), (C4)
ﬂfﬁD(m,pf):min(&qo)m +Prqy. (C.5)
Here, the platform’s margin m””” =+ d and the online channel price is p, = m 47 +d.
Dynamic-price/fixed-wage contract (BDF). Since the wage is exogenously fixed at a constant c,
the BDF contract follows the same decision sequence as the BDD contract. Specifically, the platform first
announces the commission fee, followed by the restaurant setting its margin for online orders and dine-in
channel prices. Finally, the platform determines the delivery fee. As a result, the profits for the platform and
the restaurant are given by Equations (C.4) and (C.5).
We then solve for the equilibrium decisions in the BFD, BDD, and BDF contracts, respectively.
Fixed-price/dynamic-wage contract (BFD). Using backward induction, we first solve for the restau-

rant’s optimization problem:

aBFD — max min($, g,)m—+psqy,

r m,pyg
where the restaurant’s online margin is m = p, — r with r fixed in this stage. Hence, we can equivalently solve
the problem where the restaurant’s decision is online channel price p,. In this benchmark, the exogenous
supply (8) may either exceed or fall short of demand, leading us to consider the following two cases.

(i) When supply exceeds demand (8 > ¢,), the restaurant’s optimization problem becomes

mPrP = maxqo(po —7) + pray, (C.6)
PoPf
st. §>4q,.

The restaurant’s profit is jointly concave in p, and p; because the Hessian matrix is negative definite. The

Hessian matrix is given by
a2ﬂ_BFD a2ﬂ_BFD
- -

o= op?2 Opodpy _ 522_1 13[;2
= | 928FD p2,BFD | = 23 5 .
1-52 B2-1

dpsdpo  Op%
By applying KKT(Karush-Kuhn-Tucker) conditions, we can rewrite problem (C.6) as follows.

L(PorDs, A) = qo(Po —7) +Prqs + A5 —qo),
sf. 0L — (A=BDAB—2pot26p;tr4l _

9po 1-p2 ’
oL _ BPA=B(A—2potr+1)—2ps;+1 0
(9pf - 1-82 - Y
§ — 4o Z Oa

A>0,

A(8§—q,)=0.

fBﬁ/ solving the above problem, the restaurant’s optimal online and offline channel prices are determined as
ollo

wS:
_8 2_q)g. L ; ; C.7a)
- +(8* - 1)3, if r<t (
poﬂpf{rglfé 2 if r>7 (C.7b)




where 7 = (1 — 3)(1 — 25 — 23). Substituting p} and p} into the restaurant’s profit, we have the restaurant’s

optimal profit as follows:

JR— i—§(5+r—1)+(52—1)§2 if r<v

s = 72,(3+r£2_i;;'72)+2 if >
(ii) When the supply is smaller than the demand (8 < ¢,), the restaurant’s optimization problem becomes

7P =max 8(p, — 1) + prqy,
DPosPf
st. §<q,.
BFD

In this case, the restaurant’s profit increases with p,, as 8"517 =35+ 157?52 > 0. Therefore, the restaurant will

continue to raise p, until the demand matches the fixed supply §, at which point the optimal online price

ispr=1— g + (8% — 1)3. Substituting p? into the restaurant’s profit, we obtain the optimal offline channel

price p; = . Consequently, we have the restaurant’s optimal profit #2FP* = 1 —§(8+r—1)+ (82 — 1)
Combining the Case (i) and Case (ii), we can show that Case (ii) is dominated by Case (i) since
BFD*l BFD*| _ 0 5 A av2 if r<t,
T 8>q0 — Tr 5<qo — (5+T—42((15_;21))S—1) >0 if r>F.

Hence, the restaurant’s best responses are listed in Equation (C.7). Next, we consider the platform’s opti-
mization problem in the following two cases.
(a) Anticipating p; =1— 2 + (8% —1)3, p} = 3, then the platform’s profit in Equation (C.2) becomes

r—c),
st. r<r,

TEFD = 5

which increases with 7. Hence, the platform increases the commission until r* = #, resulting 72#P* = §((8 —

D(2(B+1)s—1) o).

(b) Anticipating p* = Tgl, Py = %, then the platform’s profit in Equation (C.2) becomes
BFD _ (c=r)(B+r—1)
T T TR0
st. r>7,
. . . . 927 BFD 1 . o s ~ 1
which is concave in r since —3l5— = -5z < 0. Hence, the platform profit is maximized at 7 = 5(1 —pB+c),
TFBFD o . . A . A~ ~
at which 2 b— = 0. Additionally, the platform has the constraint r > 7. Comparing # and 7, we have the

following two subcases:

(b-1) If 8 > 2=£=¢_ then 7 > 7. Hence, the optimal  for the platform is 7* = 7, resulting 727 P* = (L-p—c)®

4(1-p2)° p 8(1-82) *
(b-2) If § < ﬁ, then 7 > 7. Hence the optimal r for the platform is 7* =7, resulting 7)*"* = 5((8 —

DE2B+1)s5-1)—c0).
Combining Case (a) and Case (b), we can show that the platform’s profit in Case (a) is dominated by
that in Case (b), i.e.,

. a 1-B—c
BFDx _ _BFDx _ 0 if 8< 4(1-82)°
7Tp |T2f‘ 7rp |T§';' - (5+C*4(ﬁ271)§71)2 > 0 Zf § > 1-8—c
8(1-52) = 4(1-52)

Therefore, the equilibrium commission 7* in the BFD contract lies in Case (b). Specifically, we have

L7 if $< i, (C.8a)
G if $>1%55 (C.8b)



Consequently, we have the following equilibrium results:

a 1-B—c
If S S m,
BFD+ __ 2—8-2(1-p%)3 BFDx __ 1
OBFD* _a 2 ’ éFD* _ %’ a
LA @& TET, (C.9)
BFD* __ 2 NT-Y) BFDx __ 4(1—8%)3%+1 .
T :5(17ﬂ70+25(ﬂ 71))3 T, =4 64) * )
BFDx __ 48(—B—c+1)4+4(B%2-1)52+1
Too = v .
a 1-8—c
If s > m,
BFDx* __ 3—fB+c BFDx __ 1
D, =71 > by =3
BFD* __ —B—c+1 BFDx __ B(=1—B4c)+2
qo - 4,452 b Qf - 4(1,52) bl
gBFDs _ (cB-ct1)? o BFDx _ —B(36+2)c®~2(1-f)ct5 (C.10)
p - 8(1-p2) r - 16(1—pB2) ;
aBEDx _ B2468(1—c)—3c(c—2)—7
se - 16(82-1) ’

Dynamic-price/dynamic-wage contract (BDD). Using backward induction, we first solve the plat-
form’s optimization problem. As before, the supply may either exceed demand or fall short of it.

(i) When supply exceeds demand (§ > ¢,), we have the following optimization problem for the platform:

7TPBDD :mgxqo(r—l—d— c),

st 8>q,= 5 — =g (m+r+d)+ Z5p;.

82xBDD

The platform’s profit is concave in d because 7;’;2 = % < 0. By applying KKT conditions, we can

rewrite the above problem as follows:

L(A,N)=q,(r+d—c)+AE—q.),
oL _ (B2-DA+B—ct2dtm—fBp+2r—1 _ 0

st FE= 571 ,
5— 9o Z 07
A >0,
AM§—4q,)=0.
By solving this, the platform’s optimal delivery fee can be listed as follows:
1= mA B 1) -+ (82 -1)3 if m<m, (C.11a)
dr = 1+c—m—2;+5<pf—1) if m>m. (C.11b)

Note that m =1—c+ B(p; —1)+2(3% —1)5. Substituting d* into the platform’s profit, we have the platform’s

optimal profit as follows:

i —S(c+m+3—1)+B(p;—1)5+ %3 if m<rh,
T, = (B+ctm—pBpy—1)2 . S5
1(1-52) if m>m.

(ii) When the supply is less than the demand (§ < g,), the platform’s optimization problem becomes

WfDD =max§(r+d—c),
d
st $<q,= 15 — me(m+r+d) + Zapy
: . . . anBDD “ A
In this case, the platform’s profit increases with d since —%-— = 5> 0. Hence, the platform always increases

d until demand decreases to 3, at which point d* =1 —m + B(p; — 1) —r 4 (8> — 1)3, leading to 72P"* =
—é(c+m+38—1)+B(p; — 1)5+ 252
Combining Case (i) and (ii) (§ > g, and § < gq,), we show that Case (ii) is dominated by Case (i) since

{0 if m<m,

T,

BDD BDD _ ~ ~
PP a5q, = TP PP s<q, = § (Btetm—pp;-2625425-1)2 i m>m.

4(1-p2%)



Therefore, the platform’s best response is listed in Equation (C.11). Next, we consider the restaurant’s
optimization problem in the following two cases.
(a) Anticipating the platform’s optimal delivery fee d* =1—m+ 8(p; —1) — 7+ (8% — 1)3, the restaurant’s

optimization problem in Equation (C.5) becomes

PP = maxgm +pyqs =m8—ps(ps+B5—1),

st. m<m.
The restaurant’s profit increases with m given any p;. Hence, the restaurant increases the online margin

to m* = m. Then, substituting m* = m into the restaurant’s profit, we can get the optimal offline channel

BDDx*

D
s = 0. Substituting m* and p} into the restaurant’s profit, we can get 7, =

price p} = 5
—43(B+e—1)+8(8%-1)5%+1
7 .

1+c—m—2r4+8(py—1)
2

(b) Anticipating the platform’s delivery fee d* = , then the restaurant’s optimization

problem becomes

BDD _ _ m(B+e—28ps—1)+Bps (B—c—Bps+D)+m2+2(ps— e
T ey M ey = 271

st. m>m.
The platform’s profit is joint concave in m and p; because the Hessian matrix is negative definite. Specifically,

the Hessian matrix is given by

2 _BDD 52 _BDD
%, o, 1 8
am?2 Omop B2—-1 ~ p2—-1
H= 52,BDD 327TBDfD = s 8 2582
T T J—
dpsOm 8;)? B2-1 p2-1

By applying KKT conditions, we can get the optimal prices

—B+2(1-c)+4(8%-1)3 1 if 5< 1(—5—;) (C.12a)
=1 1 2 APO .12b
5 13 Zf S Z 1(1-52)" (C )

BDDx _

—45(Bte- )48(82 1841 4p < A= otherwise, the
1

4(1- /32)’

Consequently, the restaurant’s optimal profit is 7.

BDDx __ (1-B8)(B+3)+c*+2(8—1)c
- 8—8p2 :

Combining Case (a) and Case (b), we can show that the restaurant’s profit in Case (a) is dominated by

the restaurant’s optimal profit is 7

that in Case (b), i.e.,

. s < 1-8—c
7.‘.BDD*| . _ﬂ-BDD*| o 0 , , lf SS 1(1-p2)°
s m2>m s m<m (B+c—4(B*—1)s—1) >O 'Lf §> 1—8—c

8(1-52) = 4(1-82)"

Therefore, the equilibrium prices for the restaurant lie in Equations (C.12).
Next, anticipating the restaurant’s optimal decisions, the platform determines the commission fee r in the
first stage. However, we find that the platform’s profit is independent of the commission fee 7, leading to the

following equilibrium results:

1—B8—c
If 3 < a5y
— — 2_ s A~
mBDD* _ B+2(1 c)2+4(ﬁ l)s’ dBDD* —c—r—+ 8(1 762)7
BDDx __ 2—3-2(1-52%)3 BDDx __ 1
BDD* : a 2 ’ éDD* B %’
q: =3, q =5 — B3, Lo (C.13)
ﬂ_fDD* _ §(1 —ﬁQ), ﬂ_fs’DD* _ —43(Btc— 1)—;8(6 —1)3 +17
BDD+ __ 43(—B—ct+1)+4(82-1)8%41
Moo = 1 .




a 1-B—c
If §> 10-52)°

BDDx __ 2—3-2(1-5%)s BDDx __ —f+3c—4r+1

m ==, d = e
BDDx __ 3—B+c BDDx* __ 1

D, =71 > Dy = 5(’ :
BDDx* __ —B—c+1 BDDx __ B(=1=B4c)+2

T T aapr o & = Taa-m) (C.14)

o BDDx _ (Bte—1)? aBDDx _ (1=B)(B+3)+c?+2(5—1)c
P T 16(1-82)° r - 8_852 s
BDDx __ B2+68(1—c)—3c(c—2)—7

Tse = 16(32—1) :

(iii) Dynamic-price/fixed-wage contract (BDF). Since the profit functions and decision sequences for
both the platform and the restaurant in this scenario are identical to those in the BDD contract, the
equilibrium results are the same as those presented in Equations (C.13) and (C.14).

In summary, comparing equilibrium decisions in three types of contracts (see Equations (C.9), (C.10),

(C.13), and (C.14)), we can get our results in Lemma 2. O

C.3. Proof of Lemma 3

Stage 3: platform determines the wage w, or equivalently, the supply s(w). The total amount of
supply is defined as s = —a+ bw in Equation (3). This can be rearranged to express w as w = “%[S To simplify
our analysis, we consider the scenario where the platform’s decision is the supply s. In this context, the
platform has no incentive to choose s such that s > g, because it could always increase its profit by reducing
s (the platform’s profit decreases as s increases). Thus, in equilibrium, s < g,. Therefore, the platform’s

optimization problem can be formulated as follows:

my P =max s(r — ats),

(C.15)

1 1

s.t. quozm—ﬁ

(m+r)+ %pf.

The platform’s profit is concave in s. Next, by applying KKT conditions, we can rewrite the above problem

as follows. s
L(s,A)=s(r— )+ g, — 8),
s.t. oL — _ atby—br+42s —_
ds b ’
go — S Z Oa
A>0,
Mg, —s)=0.
By solving this, we can get the platform’s optimal supply:
[ if m<m, (C.16a)
S = 17[37;1-;5:0)077‘ Zf m Z m. (Cl6b)

2 2
Note that m = 20=Etr(E )2 +20( =) +2

Stage 2: restaurant determines online margin m and the offline channel price p;. Anticipat-

ing the varying optimal supply levels chosen by the platform, the restaurant’s pricing decisions will differ

accordingly.
(i) Anticipating the platform’s optimal supply s* = br; 2 then the restaurant’s optimization problem
becomes . b
T, ” =maxsm+qgpy = “5Em+qrpy,
e (C.17)

_B82)dr 2_qy_ L
st m<m= OO 2250y S 1t2

omfP _ (1-8%)(br—a)+28p; < 0.

Taking the derivative of the restaurant’s profit with respect to m, we obtain == 5057

Hence, given any p;, the restaurant increases m until m* = m(p;). Substituting m* = m(p;) into restaurant’s



227D 2(1-p2)

anD =0
op7 52T =

profit, we have 57

< 0. Thus, the restaurant’s optimal p; satisfying

, which is p} = %
Hence, the restaurant’s optimal prices are m* = m(p}) and p} = 3, respectively, and the restaurant’s optimal

« _ (a=br)(a(B2—1)+r(=bB>+b+2)—2(1-8))+1
1 .

1
2

profit is wF'P

1-B—m+Bps—r

(ii) Anticipating the platform’s optimal supply s* = , then the restaurant’s optimization

1-p2
problem becomes |- B-miB
FD —AmmA By
Fi :maxsm—&-quf:Tzfm‘f'quf’

. a(1-%)+r(b(82—1)—2)+28(p; —1)+2 (C.18)
st. m>m= ; P )

The restaurant’s profit is jointly concave in m and p; as the Hessian matrix is negative definite, and the

Hessian matrix is given by
627TFD BQﬂ,FD

Om2  Omo. 2 2

o m mop . 2_1 1—-82

H= 827 FD BQWfE = |:52E QB :| .
1-82 p2-1

Opyom ap?

By applying KKT conditions, the restaurant’s optimal prices can be listed as follows:

=

L lgr7 3 Zf ,,0277, (C19a)
M5Pp = 2-8-a8 tatr (B =)= if r<f. (C.19Db)

N =

where 7 = %
Substituting optimal prices into the restaurant’s profit, we can get the corresponding profit of the restau-

r?2—2r(1-B)+2(1-p) FDx _ (a=br)(a(B2-1)+r(=b82+b+2)+2(8—1))+1
4-4p2 o 4 :

rant is 7P = if » > 7; otherwise, 7

Combining Case (i) and Case (ii), we can show that the restaurant’s profit in Case (i) is dominated by
that in Case (ii) since
2(a—br)—a+br+pB4+r—1)> - -
7.(.FD=k|m>m _ 7.‘.FD>s<‘m<m — (5 )4(1_52) B ) >0 Zf r> r,
T T 0 if r<r.

Therefore, the optimal prices for the restaurant in this stage are given in Equation (C.19).

Stage 1: platform determines the commission fee. We consider the following two cases.
2—B—apB?+a+r(b(B%2-1)-2)
2

(i) Anticipating the restaurant’s optimal channel prices m* = NS %, the platform’s
optimization problem becomes
FD

7, =maxs(r —w)

st. r<r.

_ (cl,fb'r‘)2

b (C.20)

27I'FD . .
The platform’s profit is convex in r since Al S % > 0, and the platform’s profit gets the minimum value

or2
when 7= £. 7> ¢ since 7 — § = % > 0. Additionally, the online demand in this stage becomes
s = %W Hence, the commission fee r needs to satisfy r > ¢ to ensure s > 0. Therefore, the platform’s

profit increases in r when £ <7 <7, and its optimal commission fee is 7* = r. Substituting r* =7 into the

D+ __(a+b(B—1))>

platform’s pI'Oﬁt, we have 7T5 = m

(ii) Anticipating the restaurant’s prices m* = 1;, p; = %, then the platform’s optimization problem
becomes (=B—r+1)(2a(8? ~1) —2b(82 ~1)r++r—1)
FD __ _ _ (=B—r a —1)— —1)r r—
™, = maxs(r —w) = T(1-57)2 : (C.21)
st. r>r.
27rF‘D .
The platform’s profit is concave in r since aar’; = 62171 — 2b([321—1)2 < 0. Hence, there exists a

_ (-B)(a(=B-1)+b(8%2-1)-1)
- 2b(B2-1)—1

T'm
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7\'FD . . . — —
satisfying aa’; = 0 such that the platform’s profit is maximized. r,, > 7 because 1, — T =

(bféfiﬂffigﬂg(zlfﬁ)f1) > 0. Hence, in this case, the optimal r* = r,,. Substituting 7* into the platform’s profit,

FDx _ _(a+b(8-1))?
P W(2(1-B2)+1D) "

we have 7

Combining Case (i) and Case (ii), the platform’s profit in Case (i) is dominated by that in Case (ii) since

FD*| FDx b(B%2-1)%(a+b(8-1))?

R I (—bp o+ 12 (26 (1B F1) ~ 0.

T

Therefore, the equilibrium commission fee is r* = r,,,. Substituting 7* into the optimal decisions in subsequent
stages yields the equilibrium results presented in Lemma 3. Furthermore, we have the following equilibrium

demands and profits:

FDx _ _FDx __ _a—b(1-5) FD% _ —aB+b(—B—2)(1-8)—1
% =S5 “mweEron-20 45 = Ww(pZ-1)-2 )
FDx __ __(—a—bp+b)?
P T a(26(B2-1)-1)°
aFDx _ a?(—(8%-1))+2ab(—B—1)(1-8)2+b(—B—1)(1—8) (b(—38—5)(1—B)—4)+1 (C'22)
T - 4(1-2b(B2%2-1))2 ’
aFDx — a?(1-3b(8%—1))+2ab(1-B)(3b(8%—1)—1)+b*(1—B) (b(—=B—=T)(=B—1) (1—B)+3B8+5)+b
se T 4b(1—2b(B2—1))2 :

O

C.4. Proof of Lemma 4

Stage 3: platform determines the wage w and the delivery fee d. We first show that ¢, = s is
the platform’s optimal choice in this stage because neither ¢, > s nor g, < s can be optimal. If ¢, > s, the
platform can slightly increase the delivery fee d (which slightly increases the channel price p, and reduces
the demand) such that min(g,, s) remains unaltered, thereby increasing the platform’s profit. If ¢, < s, the
platform can slightly decrease the wage w (which slightly reduces the supply) such that min(qg,,s) remains

unaltered, thus increasing the platform’s profit. Given g, = s, the platform’s optimization problem becomes

0P =max s(r +d—w),
w,d

st s=¢o=15 — = (m+r+d)+ Zzp,

(C.23)

By applying the Lagrange multiplier method, we have
‘C(wa d7 >‘) = S(T +d— 'LU) + )‘(qo - 5)7

aL _ oL _ oL _
s.t. %—0, %—O, 5—0
By solving the above problem, the platform’s optimal wage and delivery fee are listed as follows:

w _ a(2b(B%—1)—1)+b(m~+B(1—py)—1) = a(p?—1)—b(B2—1)(B+m—PBps+2r—1)+2(B+m—PLps+r—1)
w= 26(—b(1-B2)—1) ) = 26(B2—1)—2 .

Stage 2: the restaurant sets the online price margin m and the offline channel price p;.
Anticipating the optimal w* and d*, the restaurant maximizes the following profit

DD __ _a(m—Bpg)+b(m?+m(B—28ps—1)+ps (B2 +B+B%(—ps)+2p;—2))+2(py—Dpy
T, =ms+qipy = 26(BZ—1)—2

by setting m and p;. We find that the restaurant’s profit is jointly concave in m and p; as the Hessian matrix

is negative definite. The Hessian matrix is given by

BQWPD OQWTPD 2b 2b83
H=— om? omdps | _ 2b(82-1)-2 2b(82-1)-2
= | 82xPP 927xP - 268 b(4—-28%)+4

dprom  9p? T 2(B2—1)—2 2b(B2—-1)-2
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BW,,E,)D
Opy

DD
Hence, the optimal online margin m and the offline channel price p; satisfy ag:n =0,

=0, simultane-

b—a

ously, which are characterized by m* =

and p} = 3.

Stage 1: the platform determines the commission fee r. Anticipating the restaurant’s optimal m*

and p}, the platform’s profit becomes independent of r. Hence, substituting optimal m* and p} back into

d* and w*, we can get the equilibrium results in Lemma 4. Furthermore, we have the following equilibrium

results:
dPD* — a(3b(1-82)+2)+b(1—8) (b(1—-52%)+2) .
B 4b(b(1-52)+1) ’
DDx _ a—b(1—8) DDx __ —aB+b(=8-2)(1—8)—2
9% = @mez-n-1 Y& = Ib(p%Z_1) 4 , .24
DD+ __ (—a—bB+b)? DD+ _ —a’42ab(1—8)4b(b(—=8—3)(1—8)—2) (C.24)
T T Tee_pHt1) r T 8b(b(B2_1)-1) )
aDD* _ —3a?4+6ab(1—B)+b(b(—B—7)(1—8)—4)
s T 16b6(b(B2—1)—1) :
O

C.5. Proof of Lemma 5

Stage 3: platform determines delivery fee d. Similar to the proof of Lemma 3, we equivalently consider
the scenario where the platform’s decision variable is the supply s in the first stage. Given the fixed s, the
platform has no incentive to set the delivery fee d such that s < g, because it can increase d slightly to
raise its profit while keeping min(s, g,) unchanged. In equilibrium, this implies that g, < s. Consequently,

the platform’s maximization problem can be formulated as follows

DF __ a+s
T, = mgxqo(d+r — =),

(C.25)
st o=115 — 1o (m+r+d)+ Z5mp; <s.

82,DF

The platform’s profit is concave in d since = % < 0. By applying KKT conditions, we can rewrite

Bdr
the above problem as follows:

L(d,\)=g,(d+7— “—',fs) +A(s—q,),

R )
S—(qo Z 07
A>0,
As—q,)=0.

By solving this, the platform’s optimal delivery fee can be listed as follows:

(C.26a)
(C.26b)

.31 “32

3 3
IV IA

afb(ﬁ+m75pf+2’r'7l)+s
2b

.

~.
==

d*{l—m+ﬂ(pf—l)—r+(52—l)s

Note that m =

—a+bB(py—1)+2b(B%—1)s+b—s
> .

Stage 2: the restaurant sets the online price margin m and the offline channel price p;.
(i) Anticipating the platform’s delivery fee d* =1—m+ B(p; — 1) —r + (82 — 1)s, then the restaurant’s

optimization problem becomes

DF

m, " =maxq,m+qppy =ms —ps(ps +Bs—1),
mapy e A (C.27)

st. m<m.

DF
Taking the derivative of the restaurant’s profit with respect to m, we obtain ag:n = s > 0. Hence, given
any py, the restaurant increases the margin until m = m. Substituting m = 7 into restaurant’s profit, we
BQWDF F

D
have o = —2 < 0. Thus, the restaurant’s optimal p; satisfying 8g;f
¥

=0, which is p; = 1. Therefore, the
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—2a4b(—B+4(B%—1)s+2)—2s
2b

restaurant’s optimal prices are m* = and p} = % In this case, the restaurant’s profit

—4s(a+s)+4(1-B)bs(1-2(B+1)s)+b
4b :

: DFx% __

1S T, =

afb(6+mfﬂpf+2r71)+s
2b

(ii) Anticipating the platform’s delivery fee d* = , then the restaurant’s optimization
problem becomes

DF a(m=8ps)+b(m*+m(8—28p; —1)+B8ps (B—Brs+1)+2(ps—D)ps)+s(m—Bpy)
M, :rril%xqoerquf = £ i 2b(ﬁg_1) i £ Fi i)
Pf

(C.28)
s.t. m>m.

We find that the restaurant’s profit is jointly concave in m and p; as the Hessian matrix is negative definite,

and the Hessian matrix is given by

82DF 27 DF 1 P

o om?2  Omdp _ | B2=1 152
H=| goprge,0f | = |75 375 |.

Opyom ap? 1-82 B2-1

By applying KKT conditions, the restaurant’s optimal prices can be listed as follows:

o —atbs 1 if >3, (C.29a)
M Py =9 —2a+b(—B+4(82—1)s+2)—2s 1 . . C.29b
TS s 5 if s<35, ( )
- a+b(ﬁ—1)
Where S = m

Substituting optimal prices into the restaurant’s profit, we can get the corresponding profit

_a?+42a(b(B—1)+5)—b2(B—1)(B+3)+2b(8—1)s+s> if s> 3

DFx __
862(32—1) =

otherwise,

of the restaurant is w2F* =
—4s(a+s)+4(B—1)bs(2(B+1)s—1)+b
ab :

Combining Case (i) and Case (ii), we can show that the restaurant’s profit in Case (i) is dominated by
that in Case (ii) since

(a+b(B—4B2s+4s—1)+5)2
T i — T e = 0 8b2(1-52)

>0 {

f
Lf

wl W

S
S

>
1 <

Hence, the restaurant’s optimal prices at this stage are given in Equation (C.29).

Stage 1: platform determines the supply s. We consider the following two cases.

—a+b—s
2b ’

1 nticipating the restaurant's optimal prices m- = Pr= 75, € platiorm’s optimization problem
i) Anticipating the rest t’s optimal pri " 5 = 3, the platform’s optimizati bl

becomes (atb(5—1)40)?

DF __ at+s) __ (a — s

™, = maxg,(d = 58) = Sera (C.30)
s.t. s>s.
27TDF . . . .

The platform’s profit is convex in s since 2 S = 8b2(11— 7 > 0, and the platform’s profit is minimized when
s=—a+b(1l— ). We can show that —a+b(1 — 3) —5= % > 0. Additionally, the online
demand in this stage becomes ¢, = %, and it decreases with s since %qs" = m <0, and ¢, =0

when s = —a+b(1— ). Hence, s needs to satisfy s < —a+b(1— ) to ensure the positive demand. Therefore,

the platform’s profit decreases in s when §<s<—a+b(1—f), and its optimal supply is s* =3.

(ii) Anticipating the restaurant’s prices m* = 72““(7“4;‘;271)”2)725, ;= 1, then the platform’s opti-

mization problem becomes

’R’pDF =maxq,(d+r—*F2) = s2(1—p?),

s C.31
s.t. s<3s. ( )

The platform’s profit is convex increasing in s, so the platform’s optimal supply is s* = 5.
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Combining these two cases, we can get the platform’s optimal s* = 5. Then, substituting s* into the m*,

P}, and d*, we can get the equilibrium results in Lemma 5. Furthermore, we have the following equilibrium

results:
mPF* — 482 (a—b)—4a+p+4b dPF* — (1-B8)(Ba(B+1)—bB24b+1) r
- 2-8b(82—-1) ’ - 4b(1—B2)+1 )

DFx _  a—b(1—B) DFx _ —2aB+2b(—B—2)(1—8)—1

&% = BH(EZ-1)-1’ 4 . S6(B2_1)—2 )
DFx _ (B*—=1)(—a—bB+b)

L T (LR ER (C.32)
DFx _ —8a?(B%2—-1)+16ab(—B8—1)(1—8)?+8b(8%—1)(b(—8-3)(1—-8)—1)+1

T = 4(1—4b(37—1))2 ’
DFs _ —12a?(8%2—1)+24ab(—B—1)(1—8)2+4b(82—1)(b(—B—-T)(1—B)—2)+1

Toe = 1(1-4b(32_1))2 :

O

C.6. Proof of Proposition 1

First, we compare the online channel price under the FD contract with its benchmark (BFD). To make a
fair comparison, we substitute ¢ = wf?* (see Equation (20)) into the equilibrium online channel price in the
BFD case (see Equation (12)), we can get

(4b(1-p)+1) (b(1—B) —a)

2-B-23(1-8%) if §<
pBFD* — 2 = 8b(1-82)(26(1-82)+1)
o a(4b(82—1)—1)+b(—4b(8—3)(B—=1)(B+1)+38-7) if &> (4b(1-8%)+1)(b(1—B)—a)
8b(26(B2—1)—1) = 8b(1-82)(26(1-B2)+1) *
. « A 4b(1—B2)+1 1-8)—a
Then we compare pfP* with pBFP+ If § < (812((1_[;2))?%)((1%[32)5)“)),

FDx _ (BFDx _ 1 4 (1-B)(1ta(B+1)+b(1-p%))  2-8-25(1-8%) __ (1-p%)(atb(B—-48>5+45-1)425)
D, b, =3 2+4b(1-p52) 2 - 40(1-p2)+2 ’

which is smaller than 0 when s < % = qF'P* (see Equation (C.22)); otherwise, pf'P* — pBFP* > () when

&~ FDx Tf 2~ (46(1-62)+1)(b(1-)—a)
s2q, U8 > Gamma i o
FDs _ ,BFDx _ 1 4 (1-8)(A+a(B+1)+b(1-62))  a(4b(82—1)-1)+b(=4b(8—3)(8—1)(B+1)+35-7) _ _ a+b(8—1) >0
b, b, 2 2+44b(1—pB2) 8b(26(B2—1)—1) — 8b(26(B2—1)—1) :
; (4b(1—B%)+1) (b(1—B)—a) FDx _ b(1-B)—a FDx BFDx ;
Since we can show that () (- %o = S A @(1=F)ED) 0, we have p!"* < p! if
§<qfP.

Second, we compare the online channel price under the DD contract with its benchmark (BDD). Similarly,
we substitute ¢ = wPP* (see Equation (26)) into the equilibrium online channel price in the BDD case (see
Equation (12)), we can get

(4b(1-82)+3) (b(1—B)—a)

2—-3-25(1-82) . 2
pBDPD* — 2 oty if s< (16”(1*23)2)(6)(1?[32)-;-1) ’
o R atb(f—-1 a . A 4b(1=8%)4+3)(b(1=8)—a)
1B =P+ mam T5) i 32 Nea-mea-mrD

D Dx
o

; * 5 < (4b(1-5%)+3)(b(1—p)—a)
with pg?P* If § < 166(1—82) (b(1—B%)+1)

Then we compare p

DDx _, BDDx _ (1=8%)(a+b(3—p))+2(2—p)  2-B-25(1-5%) _ (1-8%)(a+b(B—4B%5+45—1)445)
b, b, - 4b(1—B2)+4 2 - 444b(1-32) )

which is smaller than 0 when § < % = qPP* (see Equation (C.24)); otherwise, p?P* — pBPP* > () when

&~ DD o (46(1-B%)+3)(b(1—B)—a)
$2¢, " 5 2 Seamen-mrn
DDx BDDx _ (1-8%)(a+b(3-8))+2(2-8) _ 1 atb(8-1) ay _ _3(at+b(B-1))
bo —P, = 1(1-p2)+4 —:B-8+ o@D T )= 6B —1)-1) ~ 0.
: (4b(1-5%)+3) (b(1—B) —a) . 3(atb(8-1)) * *
Since we can show that Teh (I (L7t — qPPr = — TS DD 0, we have pPP* < pBPP* if

§< gbP~.
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Third, we compare the online channel price under the DF contract with its benchmark (BDF). Similarly,
we substitute ¢ = wP”"* (see Equation (32)) into the equilibrium online channel price in the BDF case (see

Equation (12)), we can get

pBDFx — {2522(16(2) a5 41) if §< 42{?2?17)1%1>
o 1 B-1)(4a(B+1)+ Ce o _atb(B—1

i8-8+ 20(Z-1)—1 ) if 52 W(ez-1)-1°
Then we compare p?7* with pBPF* 1f § < %,

DFx BDFx _ 2a(1-$%)4+2b(3-8)(1-8*)+2-8  2--25(1-8%) _ (1-p2)(a+b(B—4B%5+45-1)+3)
5 =

bo —P, - 8b(1—B2)+2 4b(1-p2)+1 )
which is smaller than 0 when § < % = g2 (see Equation (C.32)); otherwise, p2™* — pBPF* > 0 when
2 DF* N a+b(B—1)
S 2 q, LIf s Z m,
p?F‘* _prF* =0.
Since 74‘;:;2(_51_)1_)1 — qPT* =0, we have pPT™* < pBPF* if § < gD,

Combining all three cases, we have our results in Proposition 1. O
C.7. Proof of Proposition 2

(i) Based on Equations (18), (24), and (30), we can derive

DD% _  FDx _ (1-8*) (b(1=B)—a) FDx _  DFx _ (1-8%)(b(1—B)—a)

Po " =P = amnemmrnma—snan 0% Po TP = smu—ann@ma- D > O
(ii) Based on Equations (C.22), (C.24), and (C.32), we can derive
DFx FDx __ —a+b(1-p3) . FDx DDx __ —a+b(1-8)
% —4% Tamamanma i S0 % % T paominea-rEn > -
(iii) Based on Equations (20), (26), and (32), we can derive
wDF* _ wFD* b(1—B)—a > 07 ,LUFD* _ wDD* b(1—B)—a O

= (@52 11) (@(I-F7) 1) = D)) (261 A F1)

O

C.8. Proof of Proposition 3
Take the partial derivatives of p., w’, ¢}, 7, and 7 (i € {FF-D,DD,DF}, defined in Equations (18), (24),
(30), (20), (26), (32), (C.22), (C.24), (C.32)) with respect to a, b, and 3, respectively, we can get the results

in Proposition 3. We omit the detailed information here; please contact the authors for further details. [

C.9. Proof of Proposition 4

Based on Equations (C.22), (C.24), and (C.32), we can derive
(i) Platform’s profit:

DFx _ _DDx _ __ (1-8b(1-8%))(a+b(8—1))?
T Ty = T T16b(1—4b(B2—1)2(1+b(1—52)) "

Hence, 7)** —70P* >0 if b> otherwise, 71" —7”P* <0. Additionally, we have

1 .
S5

FDs _ DFx _ (144b(1-5%) (14+2b(1-5%)))(a+b(8=1)* - .
p T = 26(1—4b(32—1))2(26(1-B2)+1) ;
FDx _ nDDx _ _(26(1-B*)43)(a+b(8-1))*
P o T 16b(b(1-82)+1)(2b(1-B2)+1) '

7'('

T
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(ii) Restaurant’s profit:

qDF* _ o DDx _ (1-8b(1—82))(a+b(B—1))?
T T T 8b(1-4b(82-1))2(14b(1-62))
Hence, w2 — 7" > 0 if b > ga55y; otherwise, 7,7 —mPP* <0. Additionally, we have

DD+ _ _FDx _ (2b(1=5%+b(82-1)2)+1)(a+b(6-1))> > 0:
T s 8b(1—26(8%—1))2(b(1—32)+1) '

DFx _ nFDx _ (1=6%)(8b(1-5%) (26(1—52)+3)+T)(a+b(8-1))% | )
v ™= A(46(1—B2)+1)2(26(1—B2) +1)2 :

0
(iii) Supply chain profit:

DF« _ _FDx _ (862(1=32)2—b824b—1)(a+b(8—1))>
sc se T 4p(4b(1—B2)+1)2(26(1—B2)+1)2

T
Hence, 72F* — 7 FP* > () when 8b%(1—32)? —bB%2+b—1> 0, that is, b > %; otherwise, 2 — g FP* < ().
Additionally, we have

DFx _ DD+ _ _3(8b(8>~1)+1)(a+b(8-1))
sc sc T 16b(1—-4b(B2—-1))2(b(B2-1)—1)"

Hence, n2F* —7PP* > ( if b>

sc

1 . : DFx DDx P
S otherwise, 72" — 72P* < (0. Combining

FDx _ _DDx _ _ (4b(1-$%)+1)(a+b(8-1))?
se ~ Mse = T66(1-26(B2—1))2(b(1—52)+1)

0 >0,

we have our results in Proposition 4 (iii). O

C.10. Proof of Proposition 5
(i) Based on Equations (C.1) , (C.22), (C.24), and (C.32), we can derive

DFx DFx FDx FDx\ __ (1-B)(b(A-B)—a) .
qo + qf - (qO + qf ) - 2(2b(%7ﬁ2))?—(1)(4b)(1—)62)+1) > Oa
FDx FDx DDx DDx*\ __ 1-8)(b(1—B8)—a
G a7 = (0 4T = o @masmr > 0

(ii) Similarly, we can derive

DFx _ Cx _ _(26(82-1)+1)(b(1-B)—a) .

o 0 *?<b<1)—(52(>+21><§b<1)—(ﬂ(2>+1))v :
DFx DFx C'x Cx\ _ (1-8)(2b(B“—1)+1)(b(1-B)—a
T AR 26(1—82)F1) (46(1—B2) 1) °

Hence, ¢P7* > ¢5* and ¢D"* 4 qP** > ¢S +qF* when 1 -2b(1 - %) >0. O

o

C.11. Proof of Proposition 6

Based on Equations (B.2) and (B.4), we can derive

COSPF* _ (1 gFD* _ (18?1531(13123(21:15)3)2-(’_13,)(21?;2(61)1))2)2 > 0;
C§FD* _ 0/gPD* — (13;(szgtlzg?_—ﬁl)))eré)((;;libl(f__f))gz 0;
psor - psror = BT
DSr P — DS = e > 0.

Additionally, based on Equations (B.5), (B.2), (B.4), (C.22), (C.24), and (C.32), we can derive

DFx FDx _ (b(1-8)(8+1)(24b(1-5%)+13)+1)(a+b(8-1))* ;
SWPEs — SWHPr = 8b(1-4b(52-1))2(1-2b(62-1))? >0
FDx DD« __ _(126(B*—1)—5)(a+b(8—1))
SWEP* — SW PP = RO ) Bt ),




Online Supplement to “Online Food Delivery Contracting in Three-Sided
Markets”

Appendix D: Additional Analytical Results of the Wage Rate Model

ASSUMPTION D.1. When the platform determines the wage rate, the model parameters satisfy 1 — 8 —y¢ >

This assumption ensures that online and dine-in demands are positive regardless of the contracting schemes.
If not, the platform may close the online channel. In the following, we will briefly list the platform and
restaurant’s optimization problem in each type of contract and then characterize the equilibrium solutions
respectively.

Fixed-Price/Dynamic-Wage Contract In the first stage, the platform chooses the commission fee r
to maximize the profit:
(D.1)

maxmy, = IHIH(S(U.)), QO)(T - MQO)a

T

where w is the wage rate offered by the platform, and wq, is the driver’s wage.
In the second stage, given r, the restaurant sets the online sales margin and the offline channel price to

maximize the following profit function,

max 7, = min(s(w), ¢,)m + q;p;- (D.2)

m,py

Note that the online channel price is given by p, =r +m.
Finally, in the last stage of the game, given the commission fee r and channel prices in two channels (p,,

py), the platform maximizes its profit by solving for optimal wage rate,
max 7, = min(s(w), g,)(r —wq,). (D.3)
Solving backward, we characterize the equilibrium outcomes in the next lemma.

LEMMA D1. When the platform determines the wage rate, then under the FD contract, the equilibrium

commission fee, the equilibrium online and offline channel prices, and the equilibrium wage rate are

PEDx — (1=B) (BN (1—B+ye)+1-97) (D.4)
- 2(1-B2)N—¢2+1 ’
FDx _ (2=p)(1-¢°)+(1-p%)N(~B+y¢+3) (D.5)
Po = 2(2(1-F)N—6°F1) ’
piPr =1, (D.6)
wFP* — 12(-8)¢*—B+ys(A(1-F%)N+1)—ye® (D.7)

N(1-B—yd)
Dynamic-Price/Dynamic-Wage Contract In the first stage, the platform chooses the commission fee

r to maximize its profit:

maxm, =min(s(w),q,)(r +d —wq,). (D.8)

In the second stage, the restaurant decides the dine-in channel price alongside the online sales margin to

maximize its profit, given by

max 7, = min(s(w), ¢,)m + ¢;p;-. (D.9)
m,py



Finally, in the last stage of the game, the platform sets the delivery fee, d, and the wage rate, w, to maximize
its profit:
max 7, = min(s(w), g,)(r +d — wq,). (D.10)

w,d

Note that the online channel price is given by p, =r +m + d. We employ backward induction to solve for

the equilibrium outcomes, as outlined in Lemma D2.

LEMMA D2. When the platform determines the wage rate, then under the DD contract, the equilibrium

online and offline channel prices and the equilibrium wage rate are

DD+ _ 2(2=8)(1=¢*)+(1-B*)N (= B+yd+3) (D.11)
Po' = (AN —¢7+1) ’
p?D* _ %’ (D.12)
wPP* — —(1=8)8% —B+ys(4(1-52)N+3) ~3y¢° +1 (D.13)
o N(—B-y¢+1) ’

Dynamic-Price/Fixed-Wage Contract Under the DF contract, the platform first commits to the wage
rate paid to the delivery drivers and asks for a commission from the restaurant. We can write the platform’s

problem in the first stage of the game as

max 7, = min(s(w), g,)(r +d —wq,). (D.14)

w,r

In the second stage, the restaurant sets its margin on online orders alongside the dine-in channel prices to
maximize its profit, given by

max 7, = min(s(w), g,)m + q;p;. (D.15)

m,py

Finally, the platform sets the online channel price p, = r +d+ m by announcing its delivery fee d in the third
stage to maximize its profit

maxm, =min(s(w),q,)(r +d — wq,). (D.16)
The following lemma characterizes the equilibrium outcome.

LEMMA D3. When the platform determines the wage rate, then under the DF contract, the equilibrium

online and offline channel prices and the equilibrium wage rate are

pPFr = _ (B=2(@* -1 +2(8° N (By¢=3) (D.17)
o 2(4(B2=1)N+¢2—-1 ’
(4(A2-1)N+¢2-1) (D.18)

DFx __
~DA@E+)Nys—¢2+1) (D.19)

1
pf - 2
DFx (
N(B+yo—1)

w =

Next, we will derive the optimal driver’s surplus. Recall that the driver’s utility is defined as

U= Erl%xlpwqo +loy— 02— 112 — ¢l,l,.

prlo

Solving the driver’s optimization problem, we have

[* = Wdo—Sy. ¥ _ Y—W4oo

P 1—¢2 7 o 1—9¢2

Substituting the optimal amount of labor [} and [} into the driver’s utility, we can get

2,2 2
U oW —2qoywé+y D.20
- 2-2¢2 ’ ( )



which demonstrates one driver’s optimal utility. Given the system contains N amount of drivers, the driver’s
surplus in this scenario is equivalent to the driver’s utility multiplied by the number of drivers in the system,
ie., DS"=U'N, i € {FD,DD,DF}. Substituting optimal wage rate w™ into the driver’s surplus, we can
get

DSFD* = N(B=1D*(¢? - 1)+y* (62 (16(82 —DN ) +4(1-2(5* 1) N)* +3¢") ~2(B-1)ye(6* 1)) |
B 8(2(B2-1)N+¢2-1)2
DSPD* — N(—(8—1)2(62—1)+3? (62 (32(8%2—1)N—31)+16(—B2N+N+1)24+15¢%)—2(8— 1)y¢(¢2—1)) (D 21)
- 32((B2—1)N+¢2—-1)2 .
DSPFx — N(=(B=1)2(6?-1)+y(6*(8(82—YN-1)+(1-4(52-1)N)*) ~2(8—-1)ys(¢*~1))
- 2(4(B2—1)N+¢2—-1)2

For customers, since we adopt the same demand functions as the main model, the customer’s surplus is

the same as Equation (B.3). Substituting optimal channel prices and demands p*, p}*, ¢.*, ¢} into Equation

(B.3), we can get

C§FD* — ( (B2-1)N2(382+8(2—2yd)+yd(2—y$) —5)+4(8%—1) N (% —1)+¢* —2¢> +1
- 8(2(B2-1)N+¢2—-1)2
C§PP* — (B2-1)N2(382+8(2—2y9)+yd(2—y¢)— 5)+8(52—1>N(¢2—1)+4(¢2—1)2 (D.22)
32((62 1)N+<j>2 1)2 N
CSDF*—4(52 DNZ(38%+B8(2—2y¢)+y¢(2—yd)—5)+8(82—1) N (¢? —1)+¢* —2¢> +1
- 8(4(BZ—1)N+¢2—1)2

Appendix E: Additional Analytical Results of the Alternative Demand Model

Following the same analysis in Section 4, we can get the equilibrium solutions in the following Lemmas for
each type of contract. The solving process is similar to the main part and the wage rate model, so we omit
it here. Similar to the previous two cases, we make the following assumption to ensure the positive online

demand.

AssuMPTION E.1. Consider the demand functions in (35) and (36), the model parameters satisfy —a(1+
B)+b>0.

LeMMA E1. Consider the demand functions in (35) and (36), then under the FD contract, the equilibrium

channel prices, driver’s wage, demands, and profits are

FDx __ 1( 2a+1
P, = i(Gyr t 2,8+1 ta+ 5+1 +1),
FDx __ af+a+8
Dy T 4p+2 0
FDx __ 4ab+afB+a+b
w T 4b24-28b+2b
FDx _ b—a(B+1)
Qo = 2@tp11)
FDs _ 1(Blabtatbiftl) 4 ) (E.1)
9% =2 grn@etstD
aFDx (aB+a—b)?
P T 4b(B+1)(26+B+1)?

FDx __ 1 ( 4a%2—1 _ 2(2a+1)%b 2(a—1)2 2 3
m = E(2b+ﬁ+1 Girsrnz T 2511 +2(a+1) TH)v
402 (B41)(3b4B+1)—8ab(3b+58+1)—b(8b+38+3) + 4(aﬁ+a+,8)2+6ﬂ+3)

(B+1)(28+1)

FDx __ 1
Tse = 16( b(2b+8+1)2

LeMMA E2. Consider the demand functions in (35) and (36), then under the DD contract, the equilibrium

channel prices, driver’s wage, demands, and proﬁts are

DD+ __ 1/ a+1
P =gt tat a1,
DDx __ af+a+p
pJZ)D 1 PR s
w :Z(b+ﬁ+1+7)7
DDx __ b—a(B+1)
e _ 1M s satsa (£2)
DDx __ 1/B((at+ +a+b+ .
g5 =3l B+ G+ +2a),
ﬂ_DD* — (aB+a—b)?
p 16b(2ﬂ+1)gb+/3)+1)7 _—
DDx __ 1(a a+1 a—1
T =5(% — brait *2arr T (a+ 1) 3+1)

,R_DD*: 1 (3L_ 3(a+1)2 + 2(a—1)2 _|_2( _|_1)

sc 16\ b b+5+1 28+1 ﬁ+1)



LeMMA E3. Consider the demand functions in (35) and (36), then under the DF contract, the equilibrium
channel prices, driver’s wage, demands, and profits are

pf)F*:i( 4a+1 + 11—« _’_a_;'_L_i_l)’

4b+8+1 28+1 B+1

DFx __ aB+a+p
Py T o4p+2 0
'LUDF*: 4a+1

4b+5+1

DFx __ b—a(B8+1)

9% = Torpr1

DFx _ ;(ﬂéa(ﬁ+1)+2b+ﬁ+1) +a) (E.3)
ds 2 (B+1)(4b+8+1) ’
aDFx _ (aB+a—b)>

P (5+1)(;4b+6+1)2(’ 2 (a1)?

DFx 1/16a"—1 4(4a+1)"b a—1 2 1
T =5yt~ @rsrnr T oaern (@t — 5,
’/TDF* o L(3(4a+1)(4a(ﬁ+1)—8b—ﬁ—1) + 4o((a+2)B+a) 1 + 2 + 2)

sc T 16 (4b+5+1)2 28+1 BH+1 T 2841



Appendix F: Additional Tables

In this section, we demonstrate the partial derivatives of p, w’, ¢}, 7, and 7, (i € {F'D,DD, DF}, defined
in Equations (18), (24), (30), (20), (26), (32), (C.22), (C.24), (C.32)) with respect to a, b, and 3, respectively.

Table F.1: Partial Derivatives of p!, w’, ¢}, 7/ and =/,

1€ {DD, FD} with respect to a, b and S

Derivatives 1=DD 1=FD
ap"* 1-82 1—32
da 4b(1—B2)+4 >0 4b(1—52)+2 >0
opy” _(B=D2(B+D)(aBtatl) _ (=B Ra(B+1)+1)
b 4(—bB2+b+1)2 2(1—2b(1—,82))2
opg” —2(af+1)-b2(1-62)2—b(1-F)(5+3) _ ( ~206-202(1=F%)>+b(B-D(B+3)~1 _ )
B 4(7b,82+b+1)2 2(1—2b(1— ,82))
ow'* ab(1-p2)+ 4b(1-p%)+
da 4b(b(1 62)+1) >0 2b(2b£1 ﬁ2)+1) >0
ow'* _ a1 @143+ (B+1)(1-F)° () 4ab(1=F)(2b(1—B)+DHa+202(5+1)(1-6)? _
ab 4b2(b(1— /32)+1) 2b2(1—2b(1— 32))2
dw™* 2aB+b(1-8)2+1 4af+2b(1-8)2+1
5 - < 0 T 0
aqé*
da w3 <0 wrn=z <0
dag" (- )(aﬁ+a+1) (- [3)(2a(6+1)+1)
o (b7 For1)2 >0 20-2H(7-1)7 ~ 0
aqt* b(2aB+b(1—B)%+1) b(4aB+2b(8—1)2+1)
aB B 4(7b52+b+1) <0 T 2(1—-2b(B2-1))2 <0
oml* a+b(8— a+bB—b
ag 8b(— b52+b+1) <0 —4B2b2 +4b2+2b <0
Oy (atb(B=1)(@(2b(B2— 1)~ 1) +b(8=1)) < (y (atb(B=1)(a(b(8°~ 1)~ 1) +b(8=1)) < (y
b 16b2(—bB2+b+1)2 4b2(1-2b(B2-1))2
Oy (atb(B=D)(@—Bbtb+1) _ () (a+b(B=1))(2a6=2b(5=1)+1) _ ()
B 8(—bB2+b+1)2 2%—21)(32—1))2
omy” a+b(f—1) (BZ—1)(a+b(B—1))
da 4b(—bB2+b+1) <0 T 2(1—2b(B2-1))2 <0
omy” (at+b(F=1))(a(2b(82—1)=1)+b(B=1))  ( (B=D2(B+Da(f+D)+1)(a+b(B-1)) - )
ob 8b2(—bB2+b+1)2 2(2b(82-1)—1)3
omy” (atb(B=1))(aB—Bbtb+D) - (a+b(B—1))(aB—b(B—1)(—2B(aB+a+1)+2b(8>~1)—1)) <0
8 4(=bB24b+1)2 2(2b6(82—1)—1)3

Appendix G: Proofs of Results in Extensions

G.1. Proof of Lemma D1

Stage 3: platform determines the wage rate w, or equivalently, the supply s(w). The total amount
of supply is defined as s = %N in Equation (34). Equivalently, we can get w = %W. Next,
we consider the scenario where the platform’s decision is the supply s for tractability. Similar to the FD
contract in the base model, the platform chooses a s such that in equilibrium, s < ¢,. Hence, the platform’s
maximization problem can be written as

7P =max s(r —
S

Ny¢+s(1—¢>2))
p 9

N

(G.1)

1
s.t. sgqo:m 1[32

(m + T) -+ ﬁpf .
It is obvious that the platform’s profit is concave in s. By applying KKT conditions, the platform’s optimal

supply can be listed as follows:

N(r—y¢) ; = G.2a
. 12£15__¢2)+ﬁ ) if m<im, ( )
it if m>m (G.2b)



Table F.2: Partial Derivatives of pD*, w”", ¢P*, 72" and nP*, with respect to a, b and f3

Derivatives i=DF

opDT™ 15

Sre w1 >0

apDF* _ =B (Aa(+1)+1)
55 (1—4b(1—52))2

opDT* _ 4a8+8b%(1-8%)24+2b(1-B)(8+3)+1 <0
43 2(1-46(B2-1))?

owDPF* M >0
9a 4b(1-B2)+1

HuwDF* _A0-p)?(B+)(Ha(B+D+D)
a5 (4b(1—-B2)+1)2

owPF* _8aB+ab(1-8)%+1
o8 (4b(1—B2)+1)2

) DFx

Ll T <0
a 4b(B2-1)-1

9gPF~ A=p)Ua(f+D+1) o
b (1-4b(p2-1))2

gD F* _ b(8aB+4b(8—1)%+1) <0
ap (1-4b(2-1))?

orLF _2BD(ab(-1)
da (1-4b(82-1))*

oD 2(8=1)2(B+1)(Ha(B+1)+1)(a+b(B-1) < ()
5 (4b(B2—1)-1)3

Ompy " 2(akb(B=1) (aB=b(B—1)(=22a(A+1)B+A)+4(B*=1)=1) _
EX (4b(B2-1)-1)3

orDF _ B2 -D(atb(B-D)
ba (1=4b(B%~1))?

onDF 4B B+ (Ea(B+1)+1)(at+b(F-1)) « )
b (4b(B2—1)-1)3

omDFx A(atb(B=1))(@B—b(B=1)(=2(2a(F+1)F+F)+4b(8~1)=1)) _ )
o8 (b(37-1)-1)3

—r(N(1-8%)4+2)+(1-8%)Nyp—28(1—py)+2¢> (B—Bps+r—1)+2

Note that m = 5(0—2%)

Stage 2: restaurant determines online margin m and the offline channel price p;.

N(r—y¢)
2(1-¢2)

(i) Anticipating the platform’s optimal supply s* =

becomes - N(r—ye)
, :m%xsm—kquf = 2(1,;?2) m+qspy,
m.pf

st. m<m.

Taking the derivative of the restaurant’s profit with respect to m, we obtain

omy P N(r—y¢)

om 2-2¢2

+ 25 >0

82,FD

then the restaurant’s optimization problem

(G.3)

as long as s >0 (r > y¢). Thus, given any p;, the restaurant increases m until m = m. Substituting m =m
=0,

into restaurant’s profit, we have r— = —2 < 0. Hence, the restaurant’s optimal p; satisfying

2
3pf

which is p} = % Therefore, the restaurant’s optimal prices are

* *

m :m(pf)y p;:%a

respectively, and the restaurant’s optimal profit is

e 1—¢2

1—B—m+Bp;—r
1—p2

(¢271)2
(ii) Anticipating the platform’s optimal supply s* =

problem becomes - 5
FD —B—m+Bpy—r
T, =Maxsm+ q;py = ——— gz M+ gDy,

m,py

s.t. m>m.

2 2 2
FDx — i((ﬂ “DNZ(r—y¢)” | 2N(=f-rt1)(r—ye) | 1).

, then the restaurant’s optimization

(G.4)



The restaurant’s profit is jointly concave in m and p; as the Hessian matrix is negative definite. Specifically,

the Hessian matrix is given by

327TFD 8%n FD
T

om?2 9 6 2 2

_ m mop _ 2_1 1-B82

H= 82xFD 2 F£ —|:ﬁ2,g Qﬁ :|
Opyom Bpf 1-52 p2-1

By applying KKT conditions, the restaurant’s optimal prices can be listed as follows:

l—r 1 Zf r 2 ,
m*,p; = Bhr(— BTN AN 42) 1 (82 1) Nyste? (— (B2r—2))~ 21 ; =
2(62-1) 2 iof rsr,

where 7 = = 1()[§§’BJ§)1])\,I¥¢% ¢1 +1)

responding profit of the restaurant is 77"”*
2N(—B—r+1)(r—yo
(Ca=r4De=se) | 1),

. Substituting optimal prices into the restaurant’s profit, we can get the cor-

_ Z264r(264r=2)42 FDs _ 1((B2ZDN*(roys)?
ya if r > 7; otherwise, 777" = 3 (*—5 57 +

Combining Case (i) and Case (ii), we can show that the restaurant’s profit in Case (i) is dominated by

that in Case (ii) since

(B=B*Nr4+Nr+(82=1)Nydp—¢>(B4r—1)4r—1)* ; =
T s = 0 s = 4 1D 12 >0 i o=t
- - 0 if r<r.
Thus the optimal prices for the restaurant in this stage are:
1_’“ 1 if r>r,
M, P} = QBN N2 (57— DN ok 67 (- (52r—2)) 2 1 ; 7
! 201 2 iof rsr,
_ _ 42
where 7 = & 18;&%%?;2_‘? 1)
Stage 1: platform determines the commission fee. We consider the following two cases.
(i) Anticipating the restaurant’s optimal channel prices m* =
Bar(= 52N+N+2)+(ﬁ22(;1)_]\1]§¢+¢ (=(B+2r=2))=2 Py = %, the platform’s optimization problem becomes
N(r—y¢)?
”5D:mf‘“(’"‘w%):ﬁ7 (G.5)
st. r<r.
, . . D , .
The platform’s profit is convex in r since —% =30 ¢2) > 0, and the platform’s profit gets the minimum
_ (1=¢H(-p- y¢)

value when r = y¢. ¥ > y¢ since 7 — y¢ =

N(r—y¢)
2242

T P)NTie? > 0. Additionally, the online demand in this stage

becomes s = . Hence, the commission fee r needs to satisfy r > y¢ to ensure s > 0. Therefore, the

platform’s profit increases in r when y¢ <r <7, and its optimal commission fee is r* = 7. Substituting r*

« _ N(1-¢>)(1-B-ys)?
T 4((1-p2)N+1-92)2 "

(ii) Anticipating the restaurant’s prices m* = 1;”, P} = %, then the platform’s optimization problem

into the platform’s profit, we have [ b

becomes FD (1=0-n) (20 =F)N=0* + D)+ (=D 2+ Nyo=* +1)
, :m?,XS(T_wq )_ 4(1-82)2N . (Gﬁ)
st. r>r
27\,F‘D
The platform’s profit is concave in r since o o = _z2a 2fﬁgN B(QlN ¢?) < 0. Hence, there exists a
r (1 B)(B+1)N(=B+yo+1)—¢>+1)
m 2(1-B2)N—¢2+1
. . onfD . ..
satisfying —2— = 0 such that the platform’s profit is maximized. r, > T because 1, — T =

o= 52()5;7;2)11\17;((;(?7%?;};) ey i 0. Hence, in this case, the optimal r* = r,,. Substituting r* into the plat-

12
form’s profit, we have 7f'P* = %-




Combining Case (i) and Case (ii), the platform’s profit in Case (i) is dominated by that in Case (ii) since

FDx

2_1)2n3 _1)2
™ |r>7‘_7T D*| — (BZ=1)"N°(B+ys—1) >0

TET T A((BZ DN 62 -1)2 2(1-F2) N+1—¢?)

Therefore, the equilibrium commission fee is r* = r,,. Substituting r* into the optimal decisions in later

stages, we can get the equilibrium results in Lemma D1. Furthermore, we have the following equilibrium

results:
FDx _ JFDx N(—B-y¢+1)
o = 22A-B)N—¢2+1)’
FDx _ N(=B%—B+Bys+2)—¢>+1
4@ = 2(%(1—132)N);¢2+1) ’
FDx __ N(B+yp—1
ﬂ-p B 4(3(1 N ¢2+1 ' 2 2 4 2 (G7)
qFDx _ (8 —1)N (38%48(2-2y$)+yd(2—y¢) —5)+4(8°—1) N (¢>~1)+¢* —2¢ +1
v 4(2(B2—1)N+¢2—1)2
aFDx _ (B2-1)N?(82+5(6—6y¢) —3yé(ye—2)—T)+N(62—1)(36%+5(2— 2y¢)+y¢><2 y$)=5)+(¢°~1)%
sc T 4(2(B2—1)N+¢2—-1)2

O

G.2. Proof of Lemma D2
Stage 3: platform determines the wage rate w and the delivery fee d. Similarly to the proof of
Lemma 4, we can show that g, = s is the platform’s optimal choice in this stage. Given ¢, = s, the platform’s

optimization problem becomes

PP =max s(r +d —wq,),
P w,d L P (GS)
s.t. $=¢ =115 1 BZ(m+T+d) 152 Pr-
By applying the Lagrange multiplier method, we have
L(w,d,N) = s(r +d —wg,) + Mg, =), G.9
s =0 0 e @

By solving the above problem, the platform’s optimal wage and delivery fee are listed as follows:

W= 2= ¢>(B+m—Bps—1)+m—+yp(2(82—1)N—-1)—Bp;+y¢®—1
- N(B+m—Bps+yp—1) ’

4 = ™= BEN+N—24>+2)+(82—1)N(B(py—1)—2r+ys+1)—2(¢>—1)(8—Bps+r— D
- 2((B2—1)N+¢2—1)

Stage 2: the restaurant sets the online price margin m and the offline channel price p;. Antici-

pating the optimal w* and d*, the restaurant maximizes the following profit

2 2 2 2
D _ _ m?N+mN(B—2Bps+yd—1)+Nps(B°+B8—(B*—2)ps—Byd—2)—2(ps—1)ps(¢>—1)
_ms+quf— 2((BP—D)N+¢2-1)

by setting m and p;. We find that the restaurant’s profit is jointly concave in m and p; as the Hessian matrix

is negative definite, with the Hessian matrix given by

827r7,DD 92 DD N _ BN
= | 8m8p5 _ | (B2-1)N+¢2-1 (B2-1)N+¢>-1
= | 8%xPP 92xP | _ BN 2(2—B2)N+4(1—¢?)
OpfOm 6pf (B2-1)N+9¢2-1 2((B2-1)N+¢2-1)
oD .
=0, 5= =0, simultane-
Py

ously, which is characterized in the following two equations:




Stage 1: the platform sets the commission fee r. Anticipating the restaurant’s optimal m* and p3, the
platform’s profit becomes independent of r. Hence, substituting optimal m* and p} back into d* and w*, we

can get the equilibrium results in Lemma D2. Furthermore, we have the following equilibrium results:

PP — _(B2-DN(B—3y¢—1)+2(¢* -1 (B-y¢-1) .
S(ﬁQ 1)N+¢2—-1) ’

DD _ N(B+ye—

o ((BZ-D)N+o2—1)

qPP* = N(B2+B—Byp—2)+2¢>—2

f - 4((B2-1)N+¢2—1 ’

DDx _ _ e (G.10)

P T 16((B*-1)N+¢%-1)’

DD« _ N(B*+B(2-2y¢)+ys(2—yep)—3)+2¢%— 2

T = (P2 DN +9%_1)

aDD* (B—1)(B+7)N+¢2(4—3Ny?)—6(8— 1)Ny¢ 4

sc 16((B2—1)N+¢2—1)

O

G.3. Proof of Lemma D3

Stage 3: platform determines the delivery fee d. The total amount of supply is defined as s = “’f%;ny

Nyg¢+s(1—a?

. . . . $2) . . . . .
in Equation (34). Equivalently, we can get w = TN . To simplify our analysis, we consider the scenario

where the platform’s decision is the supply s in the first stage. Given s, the platform has no incentive to
choose delivery fee d such that s < g, because otherwise, the platform can increase d slightly to increase its
profit such that min(s,q,) remains unaltered. In other words, in equilibrium, ¢, < s. Hence, the platform’s
maximization problem can be written as

DF — maxq, d+r77NW+S(1_¢2) ,
™, = max ol v (G.11)

s.t. qo:ﬁ* 1jﬁz(m+r+d)+$pf§s.

The platform’s profit is concave in the delivery fee since —2%— = 71 < 0. By applying KKT conditions, the
platform’s optimal delivery fee can be listed as follows:

L Jroma By 1)~ (B2 D)s if m<m, (G.12a)

d = —N(B+m— Bpf+2;\7 1)+Nyp—sdp>+s ’Lf m> . (GlQb)

Note that m = *QEZUN+1) | g, 1) —yg 4 1.
Stage 2: the restaurant sets the online price margin m and the offline channel price p;.
(i) Anticipating the platform’s delivery fee d* =1—m+ B(p; — 1) —r + (82 — 1)s, then the restaurant’s

optimization problem becomes

_lggaxqom+quf_ms_pf(pf—’_ﬁs_l) (G‘ 13)

st. m<m.

DF
Taking the derivative of the restaurant’s profit with respect to m, we obtain 87;:” = s> 0. Hence, given

any py, the restaurant increases the margin until m = m. Substituting m = " into restaurant’s profit, we
27\,7‘
Bp%
restaurant’s optimal prices are:

F
have 2 >-— =0, which is p; = % Hence, the

1

B s(2(B2-1)N+9¢?-1) * _
st——%—— —Yo Pi=3

m'=1-—

In this case, the restaurant’s profit is 72 = 52(2(ﬁ2_1]\),N+¢2_1) +s(1—-B8—-y¢)+ 1.
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*N(B'Fm*ﬂpf+2T*1)+Nyq>75¢2+s

(i) Anticipating the platform’s delivery fee d* = N , then the restaurant’s opti-
mization problem becomes
DF _ _ mPN4m(N(B—28ps+yd—1)—s¢’+s)+ps (N (B> (1—pt)+B+2p; —Byd—2)+Bs(¢°—1))
" = maam - arps = e ,

st. m>m.
We find that the restaurant’s profit is jointly concave in m and p; as the Hessian matrix is negative definite,

with the Hessian matrix given by

6271'7,D2F 827\'71?F 1 8
o om Omop | B2=1 1-p82
H= 82xDF 827\—?}‘: = 8 2_p2
Opyom 3p2f 1-p2 p2-1

By applying KKT conditions, the restaurant’s optimal prices can be listed as follows:

L. NQ-ye)+s(¢?-1) 1 if
m,py=

s>5
N @) Ntero1) _
l—yo—S5+=—=—F—"", §< 8,

,_.
~.
~

N(1-B8-y¢)
L1 BHN+1-¢2"

Substituting optimal prices into the restaurant’s profit, we can get the corresponding profit of the

DFx _ N2(B2+B8(2—2y¢)+yé(2—y$)—3)+2Ns(¢*—1) (B+yop—1)—s> (o2 —1)?
r - 8(B2—1)N2

SEETVNTOTD) 4 (1 — B—yg) + 1.

Combining Case (i) and Case (ii), we can show that the restaurant’s profit in Case (i) is dominated by

where 5=

DF'x
r

restaurant is if s > 5; otherwise, 7

that in Case (ii) since

—4(B%2—-1)s —1)—sp?+5)2 . =
e Iy S St S(ngf)quQ) ot 50 if s>38,
" = " = 0 if s<s
Hence, the restaurant’s optimal prices at this stage are:
N(1-ye)+s(¢”-1) 1 if >3 (G.15a)
mpy = Ny s lyNeson) ; - G.15b
l—yp—5+==——", if s<3, (G.15b)

N(A-B-ys)
AA-FNF1-62"

Stage 1: platform determines the supply s We consider the following two cases.
N(1—y¢)+s(¢* 1)
2N

where 5=

(i) Anticipating the restaurant’s optimal prices m* = NS %, the platform’s optimization
problem becomes
DF

m, " =maxq,(d+r—

s.t. s>s.

Ny¢—s¢2+s) _ (N(Btys—1)—s¢>+s5)*
N 16(1—B82)N2 ’ (G.16)

627TDF 2_1)2
) : ; ; P _(2-1)
The platform’s profit is convex in s since —%5— = 537Nz

= %. We can show that % —5=q ¢§ (fg Szj();ﬁ(f;ff;;jl) > 0. Additionally, the online demand
— NB+y¢—1)—s¢>+s

> 0, and the platform’s profit is minimized when

940 _ 2-1

in this stage becomes q, = 1N , and it decreases with s since = — N < 0, and ¢, =0
when s = %. Hence, s needs to satisfy s < % to ensure the positive demand. Therefore, the

%, and its optimal supply is s* = 3.

B 4 s(2(B2—1)N+¢?—1)
L a—

platform’s profit decreases in s when 5 <s <

(ii) Anticipating the restaurant’s prices m* =1 —y¢ — , D} = %, then the platform’s

optimization problem becomes

)" =maxq,(d+r — 7Ny¢’;¢2+5) =s5%*(1-p?),

S
st. s<s.

(G.17)
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The platform’s profit is convex increasing in s, so the platform’s optimal supply is s* = 5.
Combining these two cases, we can get the platform’s optimal s* = 3. Then, substituting s* into the m*,

P}, and d*, we can get the equilibrium results in Lemma D3. Furthermore, we have the following equilibrium

results: , ,
mPFx — Be"-1)—4(8"—1)N(yp—1)
2(4(B2-1)N+¢2-1) 7
dPF* — B=D((B+DN(B-3ye—D+e¢?-1) .
- 4(B2—1)N+¢2-1 ’
DFx _ _ N(B+yo—1)
o = WD
DFs _ 1 BN (B+yo—1
45 =3 T I(E@-DNieZ_1 (G.18)
aDFx _ _ (B2-1)N?(8+ye—1)*
P g4 (821 N+¢2 1)2
aDFx _ 8 1)N2(6 +8(2-2y$)+yd(2—y¢)—3)+8(8> 1) N(¢* —1)+¢* - 2¢2+1
r 4(4(B2-1)N+¢2-1)2
aDF* — AB2-1)N(824+6(6-6y8) —3yd(y6—2)-T)+8(8°—HN (6~ 1)+(¢2—1)2
se 4(4(B7-1)N+¢2-1)2
O

G.4. Proof of Proposition 7
(i) Based on Equations (D.5), (D.11), and (D.17), we can derive

DD FDx __ (1-82)N(¢2-1)(B+ys—1) FDx DFx (1-B82)N(¢2—1)(B+ys—1)

P —Po = M- Dnte DR DNt % Po TP T ap@-Date-Da@-Ha+e-D O
(ii) Based on Equations (D.7), (D.13), (D.19), (G.7), (G.10), and (G.18), we can derive
DDx _  FDx _ 2y¢(¢>—1) FDx _ . DFx _ _yd(¢?—1) .
w w = N(5ivo—1) 1)>0 w w _7N(ﬁ+y¢fl)>0
DFx%, DFx FDx, FDx _ (62 -1)2(B+yo—1) .
Go W =g W = — s DA DN D) >
FDx, FDx DD#, DDx _ (62=1)*(B+yo—1)
oW = W = — N (- DN D) > O
(iii) Based on Equations (G.7), (G.10), and (G.18), we can derive
DFx FDx _ N(¢*—1)(B+yo—1) . FDx DDx _ N(¢?—1)(B+yo—1)
& ~% =spE-nrte-nac-orEe D >0 G % = qEnNte-hEE-DNFe-D O
g
G.5. Proof of Proposition 8
Based on Equations (G.7), (G.10), and (G.18), we can derive
(i) Platform’s profit:
DFx _ _DDx _ _ N(¢*~1)(8(8°~1)N—¢*+1)(8+yd—1)*
Tp Ty = T I6((BT—)N+e2—1)(A(F2—1)NFe2—1)2
Hence, w2F* —xPP* > 0 if N > = 862, otherwise, w2 — PP+ < 0. Additionally, we have
FDs _ DFx _ _ NB(B2-1)2N2+4(8 - )N(62—1)+(¢2-1)%) (5+y¢-1)° > 0;
P P 12BN +62—1)(4(B2~ )N +47—1)2
aFD* _ pDDx _ __ NQ(B2-1)N+3(¢2-1))(5+yé—1) > 0.
P P T 16((B2-1)N+¢2—-1)(2(B2—1)N+¢2—1)
(i) Restaurant’s profit:
aDFx _ 2DDs _  N(@?-1)(8(8?~1)N—¢?+1)(B+y¢—1)
" T 8((B2-1)N+¢2-1)(4(B2-1)N+¢2—1)2 "

Hence, 72 —xPP* >0 if N > otherwise, 72+ — 72P* <(. Additionally, we have

8 8327

aDDx _ o FDx _ N(2(8?— 1)2N2+2<ﬁ2 DN(9*—1)+(6*—1)*) (Btys—1)* - .
T T (252 DN+92-1)(2(8% ~T)N+¢2-1)2

DFx _ _FDx _ _ (B2=1DN?(16(8%=1)2N?4+24(82— )N (> = 1)+7(6>—1)*) (B+ys—1)?
s o= 42(FE DN+ —1)2(4(B2—1)N+¢>—1)

> 0.
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(iii) Supply chain profit:

gDFx _ pFDx _  N(@?=1)(8(82-1)? N?+(52-1)N (4% 1) (¢*~1)*) (B+y¢—1)*
se se 42(B7-1)N+¢2-1)2(4(F2-1)N+¢2-1)2 '

Hence, n2F* — 7FP* > () when 8(3% — 1)2N? + (82 — 1)N(¢? — 1) — (¢* — 1)? > 0, that is, N > %;

otherwise, m2F* — xFP* <. Additinally, we have

gDF* _ 2DDx _ _ 3N(¢2-1)(8(8°—1)N—¢2+1)(8+y¢—1)?
se se T I6((A2-1)N+e2-1)(4(B2-1)N+¢2-1)2"
. - 2 . . .
Hence, D" —70P* > 0 if N > g=&; otherwise, 72 — n[P* <0. Combining
gFDs _ 2DDs _ _ N(6*-1(4(B2-1)N+¢?-1)(B+yo-1)*
se se T 16((B2-1)N+e?—1)(2(BP-1)N+¢2—1)2 7

we have our results in Proposition 8 (iii).

(iv) Customer surplus:

DFx FDx _ _ (B2=1)N2($*—1)(8(82 =) N+3(¢°~1)) (B+yo—1)° .
O = O = =G N rernraGr DN etz > U
C§FP* _ 0gPD* — _ (B2-DN*(¢?—1)(4(82 -V N+3(¢” 1) (B+yé-1)? .

32((B2-1)N+¢2-1)2(2(82-1)N+¢>—1)2 ’

(v) Driver surplus:

DFx FDx _ _ N(¢2=1)2(8(8%2—1)N+3(¢>—1)) (B+ys—1)° .

O N i i S R T PR
FDx DDx __ _ N(¢7-1)"(4(B"-1)N+3(¢~—1))(B+yo—1

DS"P" — DSPP" = — e S N n e > 0-

O

G.6. Proof of Proposition B1
Based on Equations (E.1), (E.2), and (E.3), we can derive

(i) Online channel price:

P —py = 4(b+gﬂgﬁ(32+bl+)ﬁ+1) >0 pr 7t —p)" = 2(2b+bﬁ_‘|i11()ﬂ(zﬂljrﬁ+1) >0.
(ii) Driver’s wage:
wPF* — pFP* — *25(%1/2:??(12;211) >0; wFP* _ qyPP* — 7% >0;
(iii) Online demand:
D = e,
4" —q, =~ 4(&22%(62:1;21) > 0.
(iv) Platform’s profit:
aDFx _ DDx _ (8b=p-1)(b-a(s+1))?

P P T 16b(b+B+1)(4b+B+1)2 "
Hence, m2F* — 7P > 0 if b > 2; otherwise, 7 — 7P+ < 0. Additionally, we have

FDx DFx _ (8024+4(B+1)b+(8+1)2)(aB+a—b)?

T Ty T T (A1) (21D @D 0;
qFD* _ 2DDx _ (20+3B+3) (b—a(B+1))? >0
J2 P T66(8+1) (b+A+1)(26+6+1) :
(v) Restaurant’s profit:
qDF* _ DD+ _ (8b—B—1)(af+a—b)?2

r T T 8b(b+B+1)(4b+B+1)2 "
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Hence, 727 — xPP* > 0 if b> £2; otherwise, 72 — 72P* < 0. Additionally, we have

DD+ FDx _ (2b°42(8+1)b+(8+1)?)(aB+a—b)*

T =T (1A a1z 0
DFs _ _FDx _ (16b>424(8+1)b+7(8+1)?)(af+a—b)? >0
T T = T ABID (b1 (AbA11)2 :
(vi) Supply chain profit:
qDF* _ pFDx _ (82 +(B+1)b—(8+1)?) (aB+a—b)?
se se 4b(26+8+1)2(40+5+1)2
Hence, 72F* —7EP* > 0 when 8b* + (8+1)b— (8+1)? >0, that is, b > %; otherwise, 72 — g EP* < (.
Additionally, we have
DFx _ _DDx __ 3(8b—B-1)(af+a—b)?
Tse se 7 166(b+B+1)(4b+B11)2"

Hence, n2F* — xPP* > 0 if b > 2; otherwise, 72 — 72P* < 0. Combining

sc

—_p)2
FDx __ ,/TDD* _ (4b+B41)(aB+a—b) > 0,

Tse sc T T6b(b+A+1)(261AF1)2

we have our results in Proposition B1 (vi). O



