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Abstract: Herein, we address a common problem of hotels in the current world of online selling,
namely the management of relationships with third party resellers (also known as online travel
agents (OTAs)). We highlight the role of OTAs in the current travel landscape, and we discuss the
popular contracting forms between OTAs and hotels, which are the so-called merchant and retail
(commission) models. We illustrate how these contracts fail to coordinate the hotel–OTA relationship,
and then, we develop a new type of contract that can efficiently coordinate a supply chain consisting
of the OTA and the individual hotels. We provide theoretical results and numerical examples for a
one-to-one model with one OTA and one supplier and a more realistic setting with an OTA selling to
consumers on behalf of numerous hotel partners.

Keywords: OTA; supply chain coordination; contract

1. Introduction

Online travel agents (OTAs) play a critical role in generating demand from potential travelers for
hotel companies. One of the obvious benefits of an OTA is the ease with which any consumer can
compare prices, research their chosen destinations, and choose the best way to get there, all with a
click of a mouse. As they may benefit from the incremental sales generated by the marketing exposure
offered by OTAs, hotels are willing to share their inventories with OTAs in exchange for commissions
and fees [1–3]. OTAs have been playing a very important role in the hospitality industry for over ten
years. Hui et al. [4] analyzed the room rates of 35 hotels in Guangzhou, Shanghai, on four direct and
indirect online channels, finding that the local travel agency websites generally offered the lowest rates
for upscale and luxury hotels, while the national online travel agency websites offered the overall
best rates for mid-priced hotels. Law et al. [5] investigated the practices of five OTA websites and
attested that the regional OTA outperformed other global leaders regarding airfares, and a smaller
scale OTA offered the lowest-fare air-tickets with the shortest durations. Through an experiment,
Anderson [6] illustrated that the hotel reservations on non-OTA channels (call centers, hotel websites,
etc.) are impacted by the display or billboard effect created by listing rooms with an OTA. In the
experiment, total reservations increased by 7.5%–26% for the four hotels he assessed. In a follow-up
piece, Anderson [7] indicated that almost 75% of consumers who booked rooms on a hotel’s website
had visited an OTA prior to making the reservation. Ling et al. [8] proposed a new method for hotels to
cooperate with an OTA on booking rooms by managing the availability of hotel rooms for the partner
OTA. Chan et al. [9] confirmed that OTAs’ reviews are important sources of information that influence
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consumer decisions and behavior and further affect the hotel’s decisions. Chang et al. [10] researched
both the cooperation and competition between OTAs and hotels using the operation flow.

Since OTAs receive substantive commissions from hotel transactions, e.g., Expedia’s average
commission is 18.8% (2013 4th quarter report www.expedia.com) and Booking’s is 21% (2013 4th
quarter report www.Priceline.com), hotel suppliers often question the value of their models. The focus
of our paper is on the hotel–OTA relationship, with the goal of developing a model that better aligns
the hotel supplier and OTA. Specifically, we illustrate that the current commission model commonly
used to coordinate OTAs and hotels is not Pareto-optimal. We discuss how the current coordination
contracts fail to align OTAs and suppliers. Finally, we develop a new contract and illustrate how it can
coordinate the supply chain and deliberately allocate profits across suppliers in the case of multiple
hotels per market.

The contributions of this paper are three-fold. First, in the supply chain contract coordination area,
this paper conducts deeper research to find a contract that can coordinate two channels where one
channel’s marketing effort can boost the demand for both channels. Although there is prior research
on dual-channel coordination contracts and single-channel supply chain coordination contracts with
marketing efforts, to the best of our knowledge, these streams have not been integrated. Thus, this
research amends this important theoretical gap. Second, to be more applicable in real business, we
further extend the model to a multi-hotel OTA setting whereby the OTA allocates its marketing
effort (website space or page rank) among these hotels. We prove that our new contract can
completely coordinate this N:1 supply chain. Third, this paper is the first research to link hotel
revenue management (room allocation) with supply chain coordination (through contracts with OTAs).
Furthermore, the demand function in our paper has a general form and can be easily extended to other
settings beyond our travel related focus.

To clearly and logically show our findings, we have organized the paper as follows. First,
we provide some background and introduce the basic concepts of supply chain coordination. We then
proceed to review the related supply chain management and hospitality management literature.
We then form the main model and discuss some techniques used in cooperative bargaining. Next,
we provide an exhaustive discussion and review of coalition games and applications and highlight
techniques and areas for future research.

2. Literature Review

Like the prisoner’s dilemma, the “double-marginalization effect” is well-known to refer to when
there are successive monopolies in a vertical structure, such as manufacturing and retailing (or hotels
and OTAs) in a supply chain, where each unit (firm) optimizes their own profits, leading to lower total
welfare compared with successive monopolies with vertical integration (see Spengler, [11]; Tirole, [12]
for more details).

There may exist a contract that can link each firm in any supply chain. A contract is said to
coordinate a supply chain if the supply chain reaches an optimal outcome (e.g., a Nash equilibrium),
i.e., no firm has a profitable unilateral deviation from the set of optimal supply chain actions. Ideally,
the optimal actions should also be a unique Nash equilibrium, otherwise, the firms may “coordinate”
on a suboptimal set of actions [13]. The common coordinating actions are the retailer’s order
quantity, pricing and the supplier’s production [14–18]. As we show in the following current pricing
arrangements, the retail commission model (commission contract) or merchant model (wholesale
pricing contract) cannot coordinate a hospitality (OTA–hotel) supply chain.

In past related research, using collaboration and coordination in a manufacturing supply chain
to solve the double-marginalization effect has been the research focus. Wu et al. [19] researched the
effects of sharing demand information with potential entrants and building a marketing channel,
and the results revealed that channel construction would increase the barriers to entry for potential
entrants and weaken the double-marginalization effect. Mikhail et al. [20] developed a coordination
model consisting of a single supplier and n buyers, which utilized a common replenishment time as a
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mechanism to coordinate the supply chain. Contracts with various coordination mechanisms have
been widely applied to manufacturing supply chain coordination. These studies have concentrated on
a manufacturing supply chain rather than on a services supply chain. The OTA–hotel supply chain
exhibits unique characteristics different from the traditional supplier–manufacturer–retailer supply
chains often studied in practice. For example, hotel capacity is non-storable and non-transportable [21],
and thus allotting guest rooms is always one of the most popular themes in hospitality operations’
research areas such as revenue management, although this research is rare in supply chain settings.

To correct the double-marginalization effect, some popular types of contracts have been studied.
Pasternack [22] proposed a buy-back contract to coordinate a fixed-price newsvendor. In that contract,
the supplier charges a wholesale price per unit and pays the retailer a buy-back price per unit of leftover
inventory. Dana and Spier [23] applied buy-back contracts in a single supplier–multiple retailer setting
with perfect competition. Flexible quantity contracts were originally studied by Tsay and Lovejoy [24].
Moreover, Shi et al. [25] studied a joint ordering and pricing problem for a retailer whose supplier
provides an all-unit quantity discount for the product. In these contracts, the retailer buys goods at a
wholesale price but can partly return the leftover inventory for a full refund at the end of the sales
season. In sales rebate contracts, the supplier gives the retailer a rebate per unit sold above a fixed
threshold. In the revenue sharing contracts studied by Cachon [13], the retailer agrees to share part of
the revenues with the supplier in return for a lower wholesale price. All these contracts can coordinate
a newsvendor supply chain and arbitrarily allocate profits. In other words, the whole supply chain’s
optimal profits can be allocated at shares from 0 to 1 according to each side’s negotiation abilities.
For more details, see Cachon [13], Zhao et al. [26], and Xu et al. [27] for a review of supply chain
coordination from various perspectives.

Unfortunately, all these aforementioned types of contracts between suppliers and retailers fail to
work in the hospitality supply chain studied here. Unlike in the manufacturing supply chain where
the retailer should keep goods in their local store before the sales period, hotel capacity is non-storable
and non-transportable, and thus there is no need for an OTA to order in advance. Under this setting,
buy-back and quantity flexibility contracts fail to work. Although revenue sharing contracts may
be theoretically feasible in a hospitality management setting, they fail in practice. In the following,
we discuss why these existing contracts cannot be used to coordinate the OTA–hotel supply chain.

An OTA provides a prominent display/position on their website for a particular hotel, which
can be seen as a type of marketing effort. Cachon [13] has shown that revenue sharing contracts
cannot coordinate a supplier–retailer chain when the cost function of the marketing effort can only be
observed by the retailer and as a result cannot be written into the contract. Tsao and Sheen [28] also
deem promotion cost sharing as a critical mechanism to coordinate a supply chain. A coordinated
marketing effort is possible only if the supplier assumes part of the effort costs, but then the retailer
has every reason to misrepresent the true costs. For the same reason, sales rebate contracts and
quantity discount contracts also fail to coordinate supply chains without full information sharing.
In the newsvendor setting, Taylor [29] showed that the combinations of a sales rebate contract with
a buy-back contract can coordinate the marketing effort in a supply chain. The sales rebate contract
gives the retailer too much incentive to exert effort, but the buy-back contract reduces the retailer’s
incentive, thereby providing the needed balance. However, this contract requires four parameters,
which makes it far too complex for a contract. In our specific setting, the marketing efforts of the
OTA (display position) on their website can be seen by everyone, including the hotel. The marketing
effort data can be collected through a within-subjects and between-groups design using eye-tracking
technology, such as in Scott et al. [30], Jurado et al. [31], and Leiva et al. [32]. We assume that the cost
(here, it is an opportunity cost, i.e., the prominent position not allocated to another hotel provider) of the
marketing effort cannot be seen by others (hotel partners), and thus cannot be written in any contract.
Cachon [13] used a specific type of quantity discount contract to coordinate a supplier–retailer chain
with a marketing effort, but it cannot be used in a dual-channel setting, as in our scenario. A retailer’s
additional service in the dual-channel manufacturing supply chain problem has also recently received
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attention, such as in Yan and Pei [33], Dan et al. [34], Routroy et al. [35], and others [36,37]. In addition
to not providing a coordination mechanism, these papers suppose that retail services will boost the
demand of the retailer and lessen the demand of the manufacture, whereas in our setting, the retail
marketing effort will bring new demand for both channels since the OTA is only compensated as a
result of a hotel partner transaction.

The revenue sharing contract can only solve the problem of one supplier and one (or several)
retailer(s) with the supplier not having their own revenue stream. However, here, we actually consider
two revenue streams in the hospitality supply chain: one is from the OTA, and another is from the
hotel itself (it has been defined as a dual-channel supply chain in some literatures). To coordinate
this dual-channel supply chain, the revenue information from the supplier’s own channel should be
considered in the contract, which means that the quantity discount contract discussed in Cachon [13]
will not work. In fact, to make revenue sharing contracts work reasonably well, the hotel needs to
share its own channel revenue with the OTA and not vice versa, like in the traditional revenue sharing
contract (as shown later in Theorem 1). Chen et al. [38] used a profit sharing contract to coordinate a
dual-channel supply chain where the manufacture shares his own channel revenue with the supplier.
Cai et al. [39] proposed an improved contract based on revenue sharing that allows members to share
profits and implement alternative contracts to coordinate a vendor-managed inventory supply chain
with service-level sensitive customers. Zhao [40] explored collusion and information sharing in a
supply chain consisting of two downstream retailers and a mutual upstream manufacturer with the
coordination by a revenue sharing contract. In practice, similar to the marketing effort opportunity
cost, it would be difficult for the OTA to verify the hotels’ own channel revenues, which will create an
additional information cost for the whole system.

Some existing literature utilized a combination of a revenue sharing contact and a pricing scheme
to coordinate a dual-channel supply chain [41–44]. The contract is complex to apply and further
requires the retailer and firm to have different selling prices. One of the complexities of the OTA–hotel
supply chain is caused by so called rate parity. Rate parity is the industry practice whereby the prices
for a hotel room at a given hotel on a stay date are the same regardless of where the consumer shops
for those prices, i.e., the same price exists at Expedia.com and at Hilton.com. Due to rate parity, selling
price flexibility is removed from contracts. Rate parity further restricts the use of the minimum retail
price-constrained revenue sharing contract of Ryan et al. [45].

The existing hospitality supply chain management literature also fails to solve the coordination
problem in a dual-channel supply chain with a marketing effort. Guo and He [46] set up a contract to
coordinate a hotel and a tour operator that provides two types of tour packages, luxury and economy,
but they did not incorporate the room capacity allotment as a decision, as in a dual-channel supply
chain. Hua et al. [47] studied how a hotel with dual-channel (one an OTA) can optimize its profits
through room allotment decisions, but coordination was not studied. Guo et al. [48] studied the optimal
commission strategy for hotels when they cooperate with an OTA website that can use its marketing
effort to affect demand. Ling et al. [49] made a further study of an examination of hotel pricing
and travel agencies’ online distribution of rooms, but the above papers did not discuss coordination.
Yang and Leung [50] investigated various factors behind price discounts (as a type of price disparity),
aiming to better understand hotels’ cross-channel pricing mechanisms. We summarize the main
literature in Table 1 and illustrate where our paper sits within this body of knowledge.
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Table 1. Literature summary.

Dual Channel Rate Parity Capability
Allocation

Marketing Effort
(Cost as Private

Information)
Coordination

Hua et al. [47]
√ √

Cachon [13]
√ √ √

Cai [41]
√ √ √

Guo and He [46]
√ √ √

Guo et al. [48]
√ √ √

Yan and Pei [33]
√

Retail service
Dan et al. [34]

√
Retail service

Chen et al. [38]
√

√
(transfer

manufacturer’s
own channel

profit to
retailer)

Ryan et al. [45]
√ √

Yang and Leung [50]
√ √

Market power
Ling et al. [8]

√ √ √

Chang et al. [10]
√ √ √

Website service quality
Ling et al. [49]

√ √ √

Chan et al. [9]
√ √

online review
Our paper

√ √ √ √ √

3. Model

We consider two scenarios where the firms are risk neutral and the fixed costs of hotels and the
OTA will not be considered, which simplifies the work and does not result in the loss of generality.
In the first setting, there is only one hotel and one OTA in our hospitality chain. The hotel sells its
rooms through the OTA and its own channels, which may include its front desk, hotel website, or call
center. The hotel will pay the OTA commissions at a rate (r) for each room sold through the OTA’s
channel, which means that the OTA has to pay a wholesale price (w) for each room, where w = (1− r)P.
The OTA can invest in a marketing effort such as its website’s home page space priority (i.e., provide
better placement for the hotel) or advertising to positively influence the demand rate of each channel
for the hotel. As the wholesale price is less than the front desk price, the hotel always sets an upper
bound to limit the number of rooms that an OTA can sell. Following the existing practice of rate parity,
we assume that the OTA’s online price to consumers and the hotel’s front desk price are equal because
of the high transparency of the online sales price. In the second scenario, the OTA will work with
multiple hotels and should allot its marketing effort across the hotels.

3.1. Notation and Assumptions

Q: The total number of hotel rooms that can be sold
w: Wholesale price (that the OTA pays the hotel for each room sold)
P: Hotel retail price and OTA retail price
cH : Costs for the hotel per room sold
cI : Costs for the OTA per room sold
q: Upper bound of the rooms allocated to the OTA
qH = Q − q: Expected upper limit of the number of rooms that the hotel can sell through its
own channels
e: Marketing effort of the OTA
M: Marketing budget of the OTA (only used in the N:1 setting)

The cost of the OTA’s marketing effort are g(e). We assume ∂g
∂e > 0 and ∂2 g

∂e2 > 0, which means
that due to the law of diminishing marginal returns, the cost will rise faster than the marketing effort.
In addition, the demand distribution and all parameters except for the marketing effort cost function
g(e) are commonly known. This is a perfect information benchmark, which means that we cannot rely
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on asymmetric information or irrational behavior to get our result. We can also loosen this condition
for further research.

The probability density function faced by the OTA f (y|e) is independent from q; thus the demand
distribution function faced by the OTA will be F(y|e) =

∫ y
0 f (y|e)dy.

Therefore, the expected customer volume of the OTA is as follows:

SI(q, e) = Emin(q, y) = q(1− F(q|e)) +
∫ q

0 y f (y|e)dy
= q(1− F(q|e)) + qF(q|e) −

∫ q
0 F(y|e)dy = q−

∫ q
0 F(y|e)dy

The probability density function faced by hotel g(x|e) is independent of q; thus, the demand
distribution function faced by the hotel is as follows: G(x|e) =

∫ x
0 g(x|e)dx.

Therefore, the expected customer volume of the hotel is as follows:

SH(qH) = qH −

∫ qH

0
G(x|e)dx

The expected profit of the whole system considering the cost of the marketing effort is

Π = (P− cI − cH)SI + (P− cH)SH − g

where 0 < cH < w < P (which ensures that all firms have positive profits; otherwise, they will no
longer participate). In addition, P, Q, cI, and cH are exogenous. Furthermore, e is set by the OTA and
w, q are set by the hotel, and so they are endogenous. Hotels have no market power; thus, the retail
price is exogenous and set by the hotel market, which is consistent with other approaches, for example,
Pasternack [18] is consistent with our focus on the contract itself versus the optimal prices across a set
of multiple hotels.

We can show that the Hessian matrix of the second derivative with respect to q∗ and e∗ of the total
profits of the system is positive definite. Therefore, we can use the first order condition to get the
optimal decisions.

3.2. One-to-One Model with One OTA and One Hotel

Our game proceeds as follows. First, the terms of the contract are specified. Then, the hotel
chooses the upper bound of the number of rooms (q) to allocate to the OTA for sale and sets the
wholesale price (w), and the OTA chooses their marketing effort level (e).

First, we prove that under the current practice, regardless of whether a commission model or
merchant model is used, there exists a double-marginalization effect in this hospitality supply chain.

As a benchmark, we assume that the whole hospitality supply chain is under control of one
central decision maker, who is willing to maximize the profit of the total hospitality supply chain.
The mathematical model of this problem is

max
∏
e,q

= (P− cI − cH)SI + (P− cH)SH − g (1)

The Hessian matrix of the second derivative with respect to q and e, is positive definite and
Π′′ (e) = (P− cI − cH)SI

′′ (e) + (P− cH)SH
′′ (e) − g′′ (e) < 0, we can use the first order condition to get

the optimal eo.
The first order condition for e is

∂Π
∂e

= (P− cI − cH)
∂SI

∂e
+ (P− cH)

∂SH

∂e
−
∂C
∂e
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The first order condition for q is

∂Π
∂q

= (P− cH − cI)
∂SI

∂q
+ (P− cH)

∂SH

∂q

Thus,
g′(eo)

SI
′(eo)

= (P− cI − cH) + (P− cH)
SH
′(eo)

SI
′(eo)

(2)

Here, eo is the optimal marketing effort for the whole hospitality supply chain.
However, in reality, the marketing effort is actually decided by the OTA. The problem faced by

him in the wholesale model is
max

∏
e

= (P− cI −w)SI − g (3)

The first order condition for e is

g′
(
e1∗

)
SI
′(e1∗)

= P− cI −w (4)

Here, e1∗ is the optimal marketing effort for the OTA in the wholesale model.
Comparing Conditions (2) and (4) and consisting SI ≥ 0, SH ≥ 0, P− cH > 0 and w ≥ cH (otherwise,

the hotel will not be willingness to sell rooms through the OTA), we get

g′(eo)

SI′(eo)
>

g′
(
e1∗

)
SI′(e1∗)

From g′(e) > 0 and S′′I (e) < 0, we can get[
g′

S′I

]′
=

g′′SI
′
− g′SI

′′

[SI′]
2 > 0

Thus eo > e1∗. That is, the OTA’s optimal marketing effort in the wholesale model will be lower
than its first-best decision.

The result for the commission model is similar. Assume that m is the commission, and thus the
OTA’s optimal marketing decision problem is

max
∏

e
= (m− cI)SI − g (5)

The first order condition for e is
g′

(
e2∗

)
SI′(e2∗)

= m− cI (6)

Here, e2∗ represents the optimal marketing effort for the OTA in the commission model.
Comparing Conditions (2) and (6) and considering m < P− cH, we can get

g′(eo)

SI′(eo)
>

g′
(
e2∗

)
SI′(e2∗)

Thus, eo > e2∗. That is, the OTA’s optimal marketing effort in the commission model will be lower
than its first-best decision.

We can also use a similar method to prove another optimal decision variable, that is, the upper
bound of the number of rooms q∗ that the hotel sets for the OTA to sell is not equal to the best-first
benchmark qo.
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As a result, we need a new type of contract to coordinate this hospitality supply chain. To illustrate
our logic, we provide a pilot contract before the main contract.

Theorem 1. The following reverse profit sharing contract can coordinate the hospitality supply chain of one hotel
and one OTA who can use their priority to order the hotel’s name on their website to influence customer volumes.

ΠI = φ(P− cH)SH + (P− cI −w)SI − g
ΠH = (1−φ)(P− cH)SH + (w− cH)SI

(7)

where

w = (1−φ)
(
P− cI −

g
SI

)
+φcH (8)

As both the OTA and the hotel share a part of the whole supply chain profits, they will behave
like they are the only decision maker in this system. In addition, because ∅ ∈ [0, 1], the profits can
be arbitrarily split. For this pilot contract to work properly, we need an additional assumption that
the costs of the marketing effort of the OTA can be justified so it can be written into the contact
through the w.

Unfortunately, this assumption does not always stand. Actually, most contract literature assume
that the costs of the marketing effort cannot be justified due to retailers being unwilling to share
information with suppliers. In addition, although Cachon [13] assumes that retail revenues can be
transferred to the supplier based on the fact that the supplier knows the exact volume the retailer has
sold, it is hard to believe that the hotel can share the revenues from its own sales channel with the
retailer. To abandon these additional assumptions, we give our main contract as follows.

Theorem 2. The following incentive shifting contract (a, b) can coordinate a hospitality supply chain with one
hotel and one OTA who can use her marketing effort to influence customer volumes.

ΠI = (P− cI −w)SI − g− aq2 + be2 (9)

ΠH = (P− cH)SH + (w− cH)SI + aq2
− be2 (10)

a =
(cH −w)

2q
∂SI

∂q
−
(P− cH)

2q
∂SH

∂q
|eo, qo (11)

b =
(w− cH)

2e
∂SI

∂e
+

(P− cH)

2e
∂SH

∂e
|eo, qo (12)

In this contract, e is the marketing effort of the OTA, which can be identified by applying
eye-tracking technology to the advertisements of the OTA. The method is always used by behavioral
economics (Jurado, [31], Katerina and Nicolaos, [51], etc.). As is clear, e can be justified and written
into the contract that will be exerted, where a and b are the contract parameters dependent on the
wholesale price (w) (set by the hotel). As there is no g(e) in it, this contract does not need the marketing
effort cost information of the OTA, and this follows the mainstream literature’s assumption. The hotel
will maximize their profits by increasing the w on the condition that the OTA will agree to adopt this
new contract. If the w is too high (or too low) such that the profits of the OTA (hotel) are lower than
those in the commission model (commission contract) or merchant model (wholesale pricing contract),
either the OTA or the hotel will prefer the old contract. As such, there will be a participation interval
for the w. The exact number of the w in the interval is dependent on each side’s bargaining power.
Here, we define the OTA’s bargaining power as

ϕO =
ΠI

ΠI + ΠH2
=

(P− cI −w)SI − g− aq2 + be2

(P− cI − cH)SI − g
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while the hotel’s bargaining power is

ϕH = 1−ϕO =
ΠH2

ΠI + ΠH2

Here,
ΠH2 = (w− cH)SI + aq2

− be2 (13)

Thus,

w =
ϕo(Π−(P−cH)SH)−(P−cI)SI+g+ q

2

(
cH

∂SI
∂q −(P−cH)

∂SH
∂q

)
−

e
2

(
(P−cH)

∂SH
∂e −cH

∂SI
∂e

)
q
2
∂SI
∂q + e

2
∂SI
∂e −SI

|eo, qo (14)

Therefore, the commissions can be seen as a direct tradeoff of the negotiation powers of the hotel
and the OTA.

By using this contract, once the w is set by the hotel according to each side’s negotiation power,
a(w) and b(w) will be automatically and simultaneously set. Then, the hotel will choose the q and the
OTA will choose the e. Actually, because this contract can arbitrarily allocate the profits between the
OTA and hotel, we show that there is no difference in the preferences of the OTA or the hotel regarding
contract parameters (w, a, b).

Proof. Substitute the w, a, b into ΠI, ΠH, and deduce the first order condition of the e and q, respectively,
we can find

∂ΠI
∂e −

∂Π
∂e = (w− cH)

(
∂SI
∂e |e0,q0 −

∂SI
∂e

)
+ (P− cH)

(
∂SH
∂e |e0,q0 −

∂SH
∂e

)
∂ΠH
∂q −

∂Π
∂q = (P− cI −w)

(
∂SI
∂q −

∂SI
∂q |e

o, qo
) (15)

which means
∂ΠI
∂e −

∂Π
∂e = ∂Π

∂e = ∂ΠI
∂e = ∂ΠH

∂e = 0|e0,q0

∂ΠH
∂q −

∂Π
∂q = ∂Π

∂q = ∂ΠH
∂q = ∂ΠI

∂q = 0|e0,q0

Thus, the OTA and the hotel will rationally set their respective optimal decisions e∗ and q∗

equal to the first-best decision pair eo, qo in a centralized system (incentive compatibility constraint).
Furthermore, because this contract can arbitrarily allocate the profits, there is no difference regardless
of which side offers this contract. This is referred to as a perfectly coordinated supply chain. �

As a numerical example, suppose that one hotel with a Q = 200 rooms and one OTA face
independent randomly normally distributed customer streams. Therefore, the expected customer
volume of the OTA is

SI(q, e) = q−
∫ q

0

1
2

[
1 + er f

(
y− uI

σI
√

2

)]
dy

and the expected customer volume of the hotel is

SH(q, e) = (Q− q) −
∫ Q−q

0

1
2

[
1 + er f

(
z− uH

σH
√

2

)]
dz

We further assume that

µI = 100 + 10e, σI = 100, µH = 150 + 5e, σH = 150, and P = 200.

The hotel should pay the variable costs for each room sold of cH = 50 including housekeeping
and other requirements for providing the service. Similarly, the OTA pays the variable costs for each
room sold of cI = 10 including transaction fees (credit card fees, etc.). The OTA has a cost function
g(e) = 10× e2 for each unit of marketing effort.
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If this hospitality supply chain was under control by one decision-maker, the first-best decision
would be qo = 117.05 and eo = 12.82, and then the profit of the whole system would be Πo = 24709.6.
If using the simple wholesale model, the optimal decisions of the hotel and the OTA would be
q∗ = 98.81, e∗ = 2.95, and w∗ = 182.9. Then, the profit of the OTA would be Π∗I = 459.45, the profit of
the hotel would be Π∗H = 21,957.6, and the total profit of this system would be Π∗ = 22417.

If the hotel and the OTA use an incentive shifting contract, they will receive continuously
changeable profits based on the comparative size of their respective negotiation power. The total profit
remains as the first-best condition. In addition, if ϕo ∈ (0.034, 0.198) with w ∈ (137.41, 180.97), each
side will benefit from this contract compared with a simple commission contract. Table 2 summarizes
the OTA and supplier profits for a series of parameter values. As seen in Table 2, we can find
that the wholesale price (w), the contract parameter b and the hotel’s profits (ΠH) decrease as the
OTA’s bargaining power (ϕo) increases. In contrast, when the OTA’s bargaining power (ϕo) increases,
the contract parameter a and the OTA’s profits (ΠI) will increase as well.

Table 2. Numerical Example—OTA and a single supplier.

w a b ϕo ΠI ΠH2 ΠH

190 0 10 0 0 13,858.5 24,709.6
181.23 0.032 9.58 0.033 457.33 13,401.1 24,252.5
180.97 0.033 9.57 0.034 471.19 13,387.3 24,238.4

163.439 0.1 8.74 0.1 1385.85 12,472.6 23,323.8
137.413 0.195 7.498 0.198 2743.98 11,114.5 21,965.6
137.147 0.196 7.486 0.199 2757.84 11,100.6 21,951.8
83.765 0.393 4.947 0.4 5543.39 8315.08 19,166.2

30.6494 0.59 2.421 0.6 8315.08 5543.39 16,394.5
0 0.704 0.963 0.7154 9914.42 3944.05 14,795.2

−22.47 0.787 −0.105 0.8 11,086.3 2771.69 1,3622.8
−75.58 0.983 −2.63 1 13,858.5 0 10,851.1

3.3. OTA and Multiple Hotels

To be more realistic, we extend our setting to one where N hotels want to cooperate with the OTA.
Since we are assuming exogenous prices, to ease the presentation, we assume that the hotels compete
for business on the OTA but their hotel-specific demand functions are not a function of the actions of
other hotels. Therefore, they are not competitors when using their own sale channels, but they are
still competing for customers on the OTA. All these hotels are simultaneously willing to set contracts
with the OTA, and the OTA should allot their marketing effort among these hotels according to their
marketing budget (M).

If using the simple commission contract, the model of this management problem would be

max
ei
∗
πI =

∑N
i=1(Pi −wi − cIi)SIi −M

s.t.
N∑

i=1
gi(ei) = M

(16)

max
qi
∗,mi

∗
πHi = (Pi − cHi)SHi + (wi − cHi)SIi

i = 1, 2, 3 . . .N
(17)

The first order condition to qi is

∂πHi
∂qi

= (Pi − cHi)
∂SHi
∂qi

+ (wi − cHi)
∂SIi
∂qi

(18)
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If the whole supply chain was under the control of one decision maker, the model would be

π =
N∑

i=1
(Pi − cHi)SHi + (Pi − cIi − cHi)SIi −M

s.t.
N∑

i=1
gi(ei) = M

i = 1, 2, 3 . . .N

First order condition for qi is

∂π
∂qi

= (Pi − cHi)
∂SHi
∂qi

+ (Pi − cIi − cHi)
∂SIi
∂qi

(19)

To get the first order condition for the e, we use the Lagrange multiplier method due to the
constraint condition.

Lπ =
N∑

i=1

Γi + λ(
N∑

i=1

gi(ei) −M)

∂Lπ
∂ei

=
∂Γi
∂ei

+ λ
∂gi

∂ei
= 0 (20)

By solving Conditions (18) and (19), we can get the optimal decision pair (eo
i , qo

i ).

Compare Conditions (17) and (18) because Pi > wi + cIi,
∂πHi
∂qi

< ∂π
∂qi

.

In addition, because π
′′

Hi(qi) ≤ 0, Π′′ (qi) ≤ 0, we can get qw∗
i < qo

i . That is to say, the commission
contract cannot coordinate the hospitality supply chain.

In fact, the incentive shifting contract can coordinate the hospitality supply chain in this setting, too.

Theorem 3. The following incentive shifting contract (a, b) can coordinate the hospitality supply chain with
one OTA and multiple hotels.

πI =
N∑

i=1
(Pi − cIi −wi)SIi − aiqi

2 + biei
2
−M

ΠHi = (Pi − cHi)SHi + (wi − cHi)SIi + aiqi
2
− biei

2

s.t.
∑N

i=1 gi(ei) = M

(21)

ai =
(Pi−cIi−wi)

2qi

∂SIi
∂qi
|ei = ei

o, qi = qi
o

bi =
(Pi−cHi)

2ei

∂SHi
∂ei

+
(wi−cHi)

2ei

∂SIi
∂ei
|ei = ei

o, qi = qi
o

(22)

wi =
ϕi(πi−(Pi−cHi)SHi)−(Pi−cIi)SIi+gi(ei)+

qi
2

(
cHi

∂SIi
∂qi
−(Pi−cHi)

∂SHi
∂qi

)
−

ei
2

(
(Pi−cHi)

∂SHi
∂ei
−cHi

∂SIi
∂ei

)
∂SIi
∂qi

qi
2 +

∂SIi
∂ei

ei
2 −SIi

|ei = ei
o, qi = qi

o (23)

where
ϕi =

πIi
πIi+πHi2

=
(Pi−cIi−wi)SIi−gi−aiqi

2+biei
2

(Pi−cIi−cHi)SIi−gi

πHi2 = (wi − cHi)SIi + aiqi
2
− biei

2

To get the first order condition for the e, we use the Lagrange multiplier method

∂LIi
∂ei

= (Pi − cIi −wi)
∂SIi
∂ei

+ bi + λ
∂gi
∂ei

= 0
∂LHi
∂qi

= (Pi − cHi)
∂SHi
∂qi

+ (wi − cHi)
∂SIi
∂ei

+ ai = 0
(24)

By comparing Conditions (19), (20) and (24), we can find that ( e∗i = eo
i , q∗i = qo

i ) is the only optimal
solution to Condition (24). Like in the first setting, this contract can arbitrarily allocate the profits
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between the OTA and a specific hotel. Therefore, there is no difference regardless of which side offers
this contract.

We illustrate the contract with a numerical example. Suppose that besides the original hotel in the
first setting, there is another hotel considering signing a new contract with the OTA. Therefore, this is a
two suppliers/one retailer problem. The second hotel’s demand also follows a normal distribution;
thus, the expected direct customer volume of the first and the second hotels will be

SH1(q1, e1) = (Q1 − q1) −
∫ Q1−q1

0
1
2

[
1 + er f

(
z−uH1

σH1
√

2

)]
dz

SH2(q2, e2) = (Q2 − q2) −
∫ Q2−q2

0
1
2

[
1 + er f

(
z−uH2

σH2
√

2

)]
dz

The expected customer volume faced by the OTA will be

SI(q1, e1) = SI1 + SI2

= q1 −
∫ q1

0
1
2

[
1 + er f

(
y−uI1

σI1
√

2

)]
dy + q2 −

∫ q2

0
1
2

[
1 + er f

(
y−uI2

σI2
√

2

)]
dy

We further assume the following.

µI1 = 100 + 10e1, σI1 = 100,µH1 = 150 + 5e1, σH1 = 150, P = 200, cI1 = 10, cH1

= 50, Q1 = 200, g1 = 10× e1
2

µI2 = 120 + 15e2, σI2 = 80,µH2 = 120 + 4e2, σH2 = 100, P = 180, cI2 = 8, cH2

= 40, Q2 = 150, g2 = 12× e2
2

When the constraint on the marketing budget is loose, there will be no split effort problem, and
thus these two hotels independently cooperate with the OTA, just like in the first setting. In this
situation, we calculate that M should be larger than 2291.79.

More realistically, we constrain M = 1800. The optimal decision is then eo
1 =11.54, eo

2 =6.25,
qo

1 =113.264, qo
2 =109.524, and the optimal profit of the whole system is πo = 43,252.9.

Under simple wholesale contracts, using backward deduction, we can find a dominant Nash
equilibrium result.

e∗1 = 12.24, e∗2 = 5.02, q∗1 = 61.21, q∗2 = 53.62, w∗1 = 158.6, and w∗2 = 137.4.
The profits of the OTA, hotel 1, and hotel 2, will respectively be
π∗I = 1885.1, π∗H1 = 23,509.4, and π∗H2 = 16,075.2.
Therefore, the total profit of this system will be
π∗ = 41,469.7.
Here, the loss due to the double-marginalization effect is approximately 5%.
If they use an incentive shifting contract, as in the first setting, the hotels and the OTA will get

continuously changeable profits based on the comparative size of their respective negotiation power,
while the system profit will remain at the first-best solution:

en
1 = eo

1 = 11.54, en
2 = eo

2 = 6.25, qn
1 = qo

1 = 113.264, and qn
2 = qo

2 = 109.254.
We summarize the numerical results in Table 3. In keeping with what we have found

in the one-to-one model, as the OTA’s negotiation power (ϕ) increase, the wholesale price (w),
the contract parameter b and the hotels’ profits will decrease but the contract parameter a and the
OTA’s profits will increase. Although the two hotels both achieve maximal profits when > ϕ1 = 0.05
and ϕ2 = 0.05, the OTA makes the least level of profits, which makes the OTA willing to improve its
own negotiation power. Therefore, when ϕ1 = 0.05 and ϕ2 = 0.1, all three firms will definitely be
better off.



Sustainability 2020, 12, 3355 13 of 17

Table 3. Numerical result in the one OTA and two suppliers setting

ϕ1 ϕ2 w1 w2 a1 a2 b1 b2 πI πH1 πH2

0.05 0.05 183.144 163.528 0.026 0.035 12.081 17.053 1350.56 23,999 17,903.3

0.05 0.1 183.144 150.567 0.026 0.088 12.081 15.613 2026.7 23,999 17,227.2

0.1 0.1 169.641 150.567 0.076 0.088 11.274 15.613 2700.87 23,324.8 17,227.2

0.5 0.5 61.618 46.887 0.480 0.516 4.819 4.099 13,503.4 17,931.5 11,818.1

4. Conclusions

In this paper, we study two typical hospitality supply chains: one is formed by an OTA (as a sale
channel) and the second one is a more realistic setting, where the OTA sells on behalf of multiple hotels.
As in the current practice, hotels determine the upper bound of how many rooms should be allocated
to the OTA to sell, and the OTA then makes decisions on how much effort it should exert to market
each hotel on its website (most commonly done through page position and rank).

We have theoretically shown that using the current practice (through a commission model
or merchant model), the double-marginalization effect exists resulting in suboptimal system-wide
decisions. We discuss the inappropriateness of many current coordination contracts for the hospitality
supply chain. To overcome this problem that arises from the commission model and merchant model,
we develop a new type of contract to coordinate the relationships between the OTA and each individual
hotel. We prove that this incentive shifting contract can thoroughly coordinate 1–1 and 1–n hospitality
supply chains, which means that this contract can result in the Nash equilibrium of the game between
all participants being equal to the first-best result and can arbitrarily split the entire profits (as a function
of the OTA’s and the specific hotel’s negotiation power). As each part will benefit from this incentive
shifting contract, they will adopt it regardless of their negotiation powers.

To summarize, there are some contributing points and limitations of our study. First, this paper
researches a contract that can coordinate two channels where one channel’s marketing effort can boost
the demand of both channels, which will theoretically contribute to filling the research gap. Second,
we conduct our research by combining hotel revenue management, such as the room allocation, with
supply chain coordination (through contracts with OTAs), which has never previously been studied.
Third, we further develop the model by extending it from a one-to-one setting to a multi-hotel and one
OTA setting, where the OTA can allocate its marketing effort (website space or page rank) to influence
the customers demand for these hotels’ rooms. Last but not least, the demand function in our paper is
in a general form and can very easily be extended to other settings beyond our travel related focus.
Extending our model to a multi-OTA and one hotel setting or a multi-to-multi setting will be one of the
future research directions for us. Furthermore, in this paper, we assume that the hotel retail price is
equal to the OTA retail price, but this assumption may fail in reality. Therefore, to be more applicable
in real business, we will abandon this assumption and develop the model into a setting where the
hotel retail price is not equal to the OTA retail price and where the hotel retail price will be one of the
decision variables set by the hotel. Since the current study only studied the two-level supply chain of
hotels and OTAs, the three-level supply chain of bilateral efforts and risk attitudes can be considered in
future work to obtain a more representative model.

5. Evidences and Results

5.1. Evidence of Optimal Decisions

Assume the marketing effort has two forms to affect the demand, the demand will be y− z(e) or
y+ z(e) (Taylor, [29]; Lariviere & Porteus, [52]). Assume z(e) is non-negative, and z′(e) > 0, z′′ (e) ≤ 0,
which means more efforts will bring more demand, but follows the law of diminishing returns.



Sustainability 2020, 12, 3355 14 of 17

i. F(y|e) = F
(

y
z(e)

)
, then

SI(q, e) = q−
∫ q

0 F(y|e)dy = q− z(e)
∫ q

z(e)
0 F(y)dy

∂2SI(q,e)
∂q2 = − 1

z(e) f
(

q
z(e)

)
< 0

∂2SI(q,e)
∂e2 =

q z′′ (e)
z(e) F

(
q

z(e)

)
−

q2 z′2(e)
z3(e) f

(
q

z(e)

)
− z′′ (e)

∫ q
z(e)

0 F(y)dy < 0
∂2SI
∂q∂e =

q z′(e)
z2(e) f

(
q

z(e)

)
> 0

∂2SI
∂q2

∂2SI
∂e2 −

(
∂2SI
∂q∂e

)2
=

z′′ (e)
z(e) f

(
q

z(e)

)[∫ q
z(e)

0 F(y)dy− q
z(e)F

(
q

z(e)

)]
≥ 0

ii. F(y|e) = F(y− z(e)), then

SI(q, e) = q−
∫ q−z(e)

0 F(y)dy
∂2SI(q,e)
∂q2 = −f(q− z(e)) < 0

∂2SI(q,e)
∂e2 = z′′ (e)F(q− z(e)) − z′2(e)f(q− z(e)) < 0

∂2SI
∂q∂e = z′(e)f(q− z(e)) > 0

∂2SI
∂q2

∂2SI
∂e2 −

(
∂2SI
∂q∂e

)2
= − z′′ (e)F(q− z(e))f(q− z(e)) ≥ 0

Similarly, ∂
2SH
∂e2 < 0, ∂

2SH
∂q2 < 0, ∂2SH

∂q∂e < 0, ∂
2SH
∂q2

∂2SH
∂e2 −

(
∂2SH
∂q∂e

)2
≥ 0, and we assumed that ∂

2g
∂e2 > 0, thus,

H(Π) = ∂2Π
∂q2 ∗

∂2Π
∂e2 −

(
∂2Π
∂q∂e

)2

= (P− cI − cH)
2
[
∂2SI
∂q2

∂2SI
∂e2 −

(
∂2SI
∂q∂e

)2
]

+(P− cH)
2
[
∂2SH
∂q2

∂2SH
∂e2 −

(
∂2SH
∂q∂e

)2
]

+(P− cI − cH)(P− cH)
[
∂2SI
∂q2

∂2SH
∂e2 + ∂2SI

∂e2
∂2SH
∂q2 − 2 ∂

2SI
∂q∂e

∂2SH
∂q∂e

]
−(P− cI − cH)

∂2SI
∂q2

∂2g
∂e2 − (P− cH)

∂2SH
∂q2

∂2g
∂e2 > 0

The Hessian matrix as the above inequation shows, which implies that the optimization problem
of the one-to-one model has optimal solutions.

5.2. Evidence of Theorem 1

Substitute Condition (8) into Condition (7), and deduce the first order condition of e and q,
respectively, we can get

ΠI = φ[(P− cH)SH + (P− cI − cH)SI − g] = φΠ
ΠH = (1−φ)[(P− cH)SH + (P− cI − cH)SI − g] = (1−φ)Π

Through the setting of parameter φ, profits can be arbitrarily distributed between hotel and OTA.
That is, reverse profit sharing contracts can coordinate the hospitality supply chain.
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5.3. Evidence of Theorem 2

Substitute w, a, b into ΠI, ΠH, and deduce the first order condition of e and q, respectively,
we can find

∂ΠI
∂e −

∂Π
∂e = (w− cH)

(
∂SI
∂e |e0,q0 −

∂SI
∂e

)
+ (P− cH)

(
∂SH
∂e |e0,q0 −

∂SH
∂e

)
∂ΠH
∂q −

∂Π
∂q = (P− cI −w)

(
∂SI
∂q −

∂SI
∂q |e

o, qo
)

which means
∂ΠI
∂e −

∂Π
∂e = ∂Π

∂e = ∂ΠI
∂e = ∂ΠH

∂e = 0|e0,q0

∂ΠH
∂q −

∂Π
∂q = ∂Π

∂q = ∂ΠH
∂q = ∂ΠI

∂q = 0|e0,q0

Thus, the OTA and the hotel will rationally set their respective optimal decisions e∗ and q∗

equal to the first-best decision pair eo, qo in a centralized system (incentive compatibility constraint).
Furthermore, because this contract can arbitrarily allocate the profits, there is no difference regardless
of which side offers this contract. This is referred to as a perfectly coordinated supply chain.
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