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Abstract: Corporate social responsibility (CSR) has become the focus of the company’s daily
operations and strategic choices. At present, the supply risk events caused by the CSR violations
of service providers in the service supply chain are frequent, which highlight the importance of
formulating appropriate contracts to constrain the CSR level of providers. In the context of asymmetric
CSR cost information, this paper analyzes the optimal contract parameters of integrators when
providing screening contracts or pooling contracts and compares their impact on profits and the CSR
level. The information asymmetry belongs to classic principal-agent problem, and we will use the
revelation principle to design the contracts and solve this problem. The results that different contracts
have different effects on the CSR level of different types of providers. A low-cost provider’s CSR
level is the highest when a screening contract is provided, while a high-cost provider’s CSR level
reaches the peak under a pooling contract. If pursuing profit maximization, the integrator should
choose to provide a screening contract. When the integrator needs to ensure a higher average level of
social responsibility, a pooling contract should be chosen. The findings also show that service cost is
an important factor affecting the CSR level of the provider, and only when the providers’ service cost
is low, will providers actively fulfill their social responsibility.

Keywords: corporate social responsibility (CSR); cost information asymmetry; service supply chain;
contract design

1. Introduction

Nowadays, sustainable supply chain management is highly valued by practitioners and
researchers. As an impartible part of sustainability, corporate social responsibility is an important
aspect to conduct sustainable supply chain management [1,2]. Corporate social responsibility
(CSR) describes the obligations of companies to the stakeholders that are outside the company’s
shareholders [1]. Companies that conduct CSR activities aim at not only maximizing profits but also at
enhancing the long-time well-being of society and the environment. CSR has become an integral part
of the daily business operation and strategic planning of corporations [2,3]. In the daily operations
of companies, enhancing the company’s own CSR is not the most difficult problem; the need for
companies to strengthen their suppliers” CSR has become an overriding concern. At present, the issue
of supplier CSR has received extensive attention in the service industry. Take the logistics service
supply chain as an example. In May 2018, STO Express, one of the biggest express companies in
China, was faced with scrutiny because its sorting service provider in Xizhimen, Beijing was accused
of “violent sorting” and many parcels were broken. This scandal brought severe negative impacts
to STO Express and greatly damaged the corporate image of STO Express among customers [4]. In
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addition, platform-based service companies, such as Didi and Airbnb, have also been deeply affected
by the social responsibility of service providers [5,6]. For example, Airbnb was faced a lawsuit in U.S.
court due to a family was killed in the homeowners” house [6]. These cases all show that when the
suppliers fail to abide by socially responsible behavior, it will bring large losses to the companies.

A typical service supply chain consists of service providers and service integrators, where service
integrators (i.e., STO Express/Didi/ Airbnb) integrate resources from service providers (i.e., sorting
service providers/private car owners/homeowners) into an integrated service to provide to customers.
In other words, service integrators might not have the physical resources to provide the service but
can take part in the service supply chain by using their advantages in marketing and information and
then outsource the specific service to the service providers [7,8]. In the service supply chain, service
providers are usually small and medium-sized companies, and even individuals. They are hidden from
the public’s vision and institutional pressure. When violation scandals are exposed, the core companies
in the supply chain, namely, the service integrators, bear the brunt of the damage first [9,10]. However,
the providers themselves are subject to far less regulatory pressure from government departments
and public media pressures than integrators. In the case of STO Express, although it was its provider
that had not fulfilled the CSR, the media was targeted at STO Express when reporting negative news,
and the supervision department also asked STO Express for compensation instead of the providers.
Therefore, the provider’s incentive to fulfill the social responsibility requirement is insufficient, and
the integrator needs to design proper incentives for the providers. Agreeing on the provider’s social
responsibility level by a contract and linking it with its performance to monitor or motivate the
provider’s CSR has been an important tool [1]. For example, Tianjin SND Logistics Company, one of
the largest logistics companies in Tianjin, China, will sign a subcontract to guarantee the provider’s
CSR level while signing a service contract with its provider. Similar contracts can be found in some
multinational corporations such as Nestle in France, HP in Japan and Migros in Switzerland [11].

However, when designing contracts in practice, many companies have encountered difficulties.
This is because, for service providers, social responsibility comes at a cost, i.e., they have to pay
more to satisfy the interests of other stakeholders, such as customers, employees and integrators [12].
The higher the level of CSR, the higher the cost, which is commonly known by the integrator and
service provider. As a principal, a service integrator cannot directly intervene in the operation of the
provider. Under the premise that the provider does not share the cost information, the integrator
cannot know the CSR cost of the provider, nor can it judge the type of provider according to their
CSR cost. Considering the asymmetry of provider CSR cost information, integrators have two options
when signing contracts with providers.

The first is to use a screening contract, that is, the integrator adopts a menu of contracts that
includes different types of contracts with different contract parameters for different types of providers.
The screening contract is an incentive contract commonly used by companies under information
asymmetry [12,13]. The other is the use of a pooling contract, which means that the integrator only
provides one type of contract, that is, the type of provider does not have to be identified and the
integrator signs the same type of contract with all providers. Pooling contracts are also very common in
practice. Take the SND Logistics Company we surveyed as an example. They have a uniform standard
for their providers” CSR, which requires all providers to execute and sign the same contract according
to the same standards. Under these two contract models, integrators have an information disadvantage,
and efficient providers can use their information advantages to obtain additional income, which we
call information rent [7]. The existence of information rent causes the two contractual methods to have
different effects on the CSR of the provider and the profits of both sides of the supply chain.

For integrators, the profitability of the company and the CSR level of the provider are different
under these two contract models. Despite many companies placing profits as the first priority,
increasingly, integrators have put forward higher requirements in terms of social responsibility to
establish a good corporate image. Therefore, how to constrain the CSR level of providers through
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contracts and choose the appropriate contract to meet the requirements of profit and CSR in different
situations is the main practical motivation of this paper.

A few researchers in the supply chain management area have studied CSR in theory [12,14], and
most of the research in this field is focused on using empirical methods to test the impact of CSR
activities on business or social performance [15-18] or building a model to coordinate the supply chain
by using a contract considering CSR [19-21]. There are fewer studies considering the contract design
in the case of asymmetric CSR cost information, and only a few scholars have studied the problem. For
example, Ma et al. [12] established a two-stage supply chain with asymmetric CSR cost information
and found that information asymmetry under the traditional wholesale price contract will bring losses
to the retailer, but the manufacturer will benefit, and further proposed a two-part tariff contract to
achieve supply chain coordination. However, to our best knowledge, there is no research to discuss
the impact of the pooling contract and screening contract on the provider’s CSR under provider CSR
cost information asymmetry, and how to choose the contracts to maximize integrators” utility when
faced different providers, although these two types of contracts are very common in practice.

Based on the abovementioned practical background and theoretical research gap, this paper
mainly studies the following issues:

(1) Under the screening contract and the pooling contract, how do integrators formulate their
optimal contract parameters to maximize their profits?

(2) What are the impacts of different contractual models on the provider’s CSR and the profits of
both parties?

(3) How do integrators choose the right contract based on the needs of the company? And,
under information asymmetry, what is the information rent that the integrator needs to pay under the
two contracts?

In this paper, we consider a two-stage service supply chain in which the provider’s CSR cost
information is unknown to the integrator. Through analysis, this paper mainly obtains the following
conclusions. First, the provider’s CSR is closely related to its service cost. When the provider’s service
cost is high, the provider will refuse to fulfill their social responsibility or even harm the interests of
stakeholders to protect the survival of the companies. At the same time, its CSR is also related to the
cost of fulfilling social responsibility. When the cost of raising the level of CSR is small, the increase in
demand due to its socially responsible behavior can completely compensate for the increase in cost.
Therefore, there will be an optimal CSR level of the provider. Second, the conclusions of this paper
also show that screening contract and pooling contract have different effects on the level of social
responsibility of different types of providers. For low-cost types of providers, when the integrator
provides a screening contract, the CSR level required is significantly higher than that required when
the integrator provides the pooling contract. Conversely, for high-cost types of providers, the CSR level
is minimal when integrators provide screening contracts. Finally, the paper also provides theoretical
guidance for the integrators’ contract selection. When providing a screening contract, the information
rent paid by the integrator is always lower than the information rent when a pooling contract is
provided. And when an integrator is profit-oriented and pursues profit maximization, he should
choose to provide a screening contract. When the integrator needs to ensure the high average level of
two types of providers, the pooling contract should be chosen.

Overall, this paper has important contributions to both practice and theoretical research.
Practically, we study the CSR level of the provider and the contract selection problem of the integrator
in the service supply chain under information asymmetry and to provide guidance for managers.
Specifically, when profit-oriented, integrators should choose to provide screening contracts, and when
pursuing higher average levels of the provider’s CSR, integrators should choose to provide pooling
contracts. Theoretically, different from the existing CSR and information asymmetry related literatures
that are based on the manufacturing supply chain [12], this paper first explores the provider CSR
problem under information asymmetry in a service supply chain. Moreover, most of the current
modeling articles on CSR are based on the perspective of supply chain coordination [21,22], and this
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paper deals with the integrator’s contracting problem from a new perspective of screening contracts
and mixed contracts. In conclusion, this paper enriches the research on CSR in the supply chain
management field.

The rest of the paper is organized as follows: Section 2 discusses the related literature. In
Section 3, we present the problem description and model assumptions and develop three models:
the benchmark model, screening contract model and pooling contract model. Section 4 discusses the
information rent, CSR level of providers and profits under three scenarios. Section 5 uses data from
the company, SND Logistics, to provide a numerical example. Section 6 presents managerial insights
and concluding remarks.

2. Literature Review

Our work is primarily connected to two domains in the existing literature, which are as follows:
(i) CSR in supply chain management and (ii) cost information asymmetry.

2.1. CSR in Supply Chain Management

Corporate social responsibility (CSR) has increasingly become an integral part of the daily business
operation and long-term strategic planning of corporations [3]. There are two main motives for
companies to actively fulfill their CSR. One is to meet the needs of stakeholders, and the other is to
improve their competitiveness and avoid supply risks [23,24]. In the field of supply chain management,
the research on CSR is mainly divided into two categories. One is to analyze the impacts of the supply
chain members’ CSR on economic performance or social performance through empirical research. For
example, Li et al. [25] proposed a consumer-oriented approach to identify CSR differentiation by using
the best-worst scaling approach, and found it is profitable for companies to adopt CSR differentiation
strategy. Wang and Chen [17] examined how the U.S. capital market perceives CSR and found that CSR
policies not only enhance a company’s reputation but also lead to good financial performance. Similarly,
Chen et al. [18] found that companies that are required to report CSR mandatorily experienced a
decrease in profitability, but it could generate positive externalities in China. In addition, Subramanian
and Gunasekaran [15], Crifo et al. [16] and Khan et al. [26] also conducted similar studies. The other
research stream involves designing a contract to coordinate the CSR supply chain by constructing
models and using analytical methods, such as game theory. For example, Ni et al. [19] established a
two-stage supply chain, and all the supply chain members are required to bear CSR costs. Based on
this assumption, the interactions between the supply chain members in the context of the game theory
was discussed. Hsueh [10] and Panda [27] designed a revenue sharing contract to coordinate the CSR
supply chain. Similar studies can also be found in Chen and Slotnick [22] and Wu et al. [21].

So far, most of the research on CSR is based on empirical methods, and there are few studies
focused on modeling. There is still a huge gap in the study which analyzes the impact of different
types of contracts on CSR under information asymmetry in modeling.

2.2. Cost Information Asymmetry

Cost information asymmetry means that the information of the company’s cost of production,
sales, service, etc., is the private information of the companies, and other supply chain members cannot
know the information when making decisions. The issue of cost information asymmetry was explored
by scholars as early as the 1980s [28,29]. In the past decade, there also have been many articles on the
study of cost information asymmetry.

The purpose of cost information asymmetry research is to analyze the influence of asymmetric
information on supply chain member decision-making and to realize the optimization of the
supply chain by designing contracts for information disclosure. This contract is called the reveal
mechanism [30]. Cost information asymmetry is applied in the study of various issues. For example,
Mukhopadhyay et al. [31] compared supply chain channel coordination in the case of information
symmetry and information asymmetry, and then further studied the optimal contract design of
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mixed channels in the context of information asymmetry [32]. A similar study is also available from
Yao et al. [33]. Other scholars have considered the impact of cost information asymmetry on supply
chain procurement [34]. In recent research, scholars have introduced more factors, such as Xu et al. [35],
adding time-sensitive consumers in the context of information asymmetry. Xiao and Qi [36] explored
the problem of cost information asymmetry in the context where demand was affected by price, delivery
time and reliability. Among them, the most similar one to this paper is the study of Ma et al. [12],
which studied the contract design problem when the supply chain supplier’s CSR cost information
is asymmetric. Comparing information symmetry and asymmetry, it was found that information
asymmetry will bring losses to the retailer under the traditional wholesale price contract, but the
manufacturer will benefit from it and a two-part tariff contract was further proposed to realize the
supply chain coordination.

Although many scholars have studied the problem of cost information asymmetry in different
contexts, there are still few modeling studies on the information asymmetry of CSR costs. Moreover,
the existing research [12] focuses on the coordination of the manufacturing supply chain. To our best
knowledge, there is no article on exploring the contract selection problem of a service supply chain
under CSR cost asymmetry. From another perspective, this paper considers the screening contract
and the pooling contract and explores the CSR level of the provider, the profit of the supply chain
members under the two contracts and the contract selection problem of the integrator in the service
supply chain.

2.3. Literature Summary

In the literature of sustainable supply chain, though there are many scholars consider the green
supply chain from the environmental perspective such as energy efficiency [37,38], little research
investigates the CSR problems. In summary, the existing literature has two gaps. On the one hand,
from the literature of CSR in the supply chain, there are few studies on CSR using modeling methods,
and the research considering CSR cost information asymmetry is scarce. At the same time, most of the
previous articles are based on the background of the manufacturing supply chain. Few scholars explore
CSR from the background of the service supply chain. On the other hand, from the literature on the
study of cost information asymmetry, although there are a few articles that study the contract design in
the context of CSR cost information asymmetry, they are all realized by designing different contracts,
such as two-part tariff contracts, to coordinate the supply chain. There are no articles exploring the
impact of the two contract methods of screening and pooling contracts on company decision-making.
Therefore, in the context of the service supply chain, this paper has important theoretical significance
for studying the impact of different contractual methods when CSR cost information is asymmetric.
Based on the literature review, we summarize the differences between our research and the three most
related studies (see Table 1).

Table 1. Summary of the main literature review.

Ma et al. (2017) Li and Li (2015) Ni et al. (2012) This Paper
Information asymmetry V4 v X v
CSR concerns X 4 V4
Service supply chain X v X V4
Contract design V4 X Vi Vv

3. Model Building

3.1. Problem Description

In this paper, we consider a two-stage supply chain consisting of an integrator and a provider,
where the integrator is the Stackelberg leader. Similar to Ma et al. [12], we assume the demand increases



Sustainability 2019, 11, 1408 6 of 24

linearly with the provider’s CSR e and decreases with price. In addition, the demand function is
as follows:
D=a—bp+ke

where a is market size, b is the price-sensitive parameter, p is the price-sensitive parameter, and k refers
to the influence of the provider’s CSR e on the demand, a, b, k,e > 0.

We assume c is the service cost of the provider, and e measures the influence of the provider’s
CSR on the unit marginal cost, where B > 0 is the CSR cost-sensitive parameter. In the market, there
are two types of providers, namely, a high-cost provider with By and a low-cost provider with
(B > PBr)- This is common knowledge to all the supply chain members. We use the subscript “j”
(j = H, L) to represent the high-cost type and the low-cost type, respectively. Thus, we have the

provider’s cost function, as follows:
c(ej) = c+ Bje;

In the manufacturing supply chain, because the products are tangible, payment is usually paid
in the form of unit price multiplied by quantity, which is the wholesale price contract we often say.
However, in the service supply chain, services are often intangible, variable, and unmeasurable [39], so
lump-sum payments are a common form in the service industry [7]. For example, the line lump-sum
fees paid by the logistics service integrator to the service provider, the consulting fees paid by the
company to the consulting company, and the property management fees in the housekeeping service
industry. Similar to Li and Li [7], we assume that the integrator purchases the service capacity from
type j provider using a lump-sum payment T;. In this paper, subscripts p and i represent the provider
and integrator, respectively. Thus 77,; and 7;; represent the profits of the type j (j = H, L) provider and
the profits of the integrator when he purchases service capacity from the type j (j = H, L) provider.
Then, we obtain the profits functions of both parties.

The profit function of the provider is as follows:

mtpi = T; — (c + Bjej) (a — bp; + ke;) 1)
The profit function of the integrator is as follows:
Ttjj = p](bl - bp] + kf,’]) — T]‘ 2)

where ¢;, T and p; are the decision variables. The integrator first determines the contract parameters
< e}, T; > based on the provider’s participation constraints, then decides the retail price p; according
to the contract parameters.

The purpose of this paper is to study the impacts of different contractual models on the level of
CSR of the provider and the profit of the supply chain members. We establish the following three
models: (1) The benchmark model, where the information is symmetrical, that is, the integrator is fully
aware of the type of the provider’s CSR cost coefficient level; (2) The screening contract model, where
integrators use contract combinations to identify different types of providers; and (3) The pooling
contract model, where the integrator only provides a single contract and treats all providers the same.
In these three models, the benchmark model is established in the case of complete information while
the other two models are analyzed in the case of asymmetric information. We use the revelation
principle to design contracts and solve the asymmetric information cases. Revelation principle is
a fundamental principle in contract design with asymmetric information. It solves the asymmetric
information problem through direct incentive-compatibility constraints, based on which the contract
parameters that distinguish the types of the providers are determined.

By comparing the two contract models with the benchmark model, the information rent in the
two contract cases can be obtained. For the information rent, on the one hand, it can be used as the
basis for comparing the efficiency of the cost information of the two types of contract methods. On the
other hand, it can also be used as the basis for comparing the profits of integrators and providers under
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these two contract modes. In this paper, the superscripts I, Il and III represent these three scenarios as
follows: the benchmark model (information symmetry), the screening contract model and the pooling
contract model, respectively.

3.2. Benchmark Model (Information Symmetry)

We first solve the optimal contract parameters in the case of information symmetry. Under this
case, the integrator knows all the cost information of the provider. We assume that the provider is
either the high-cost type with probability § (0 < § < 1) or the low-cost type with probability 1 — 4.
The sequence of events is as follows: stage 1, the integrator offers a different contract < ¢;, T; > for
each provider type j, j = H, L. Stage 2, the provider decides to accept the contract or not. Stage 3, the
integrator decides the retail price according to the contract parameters. We solve the pricing decision
in Stage 3 first.

, 2.
From the integrator’s profit function, we have %7;'7 = a+ ke; —2bpj, and aa;;,] = —-2b < 0.
! i
Therefore, we set 887;;’ = 0 for solving p;(e;) as follows:
a+ ke;
— J

Substituting Equation (3) into Equations (1) and (2), the best respond profit functions of the
integrator and provider are obtained as follows:
Respond profit function of provider:

(c+ Bjei)(a+ke;)
mpi(ej, Tj) = Tj — = ! )
Respond profit function of integrator:
(a + ke;)?
T =T ©)

At stage 2, when the provider’s profit is greater than its reservation profit, then the contract
is accepted. Without loss of generality, we assume that the provider’s reservation profit is 0. The
problems faced by the integrator in stage 1 can be translated into the following issues:

2
' (a+ kej) ‘
e Tj ©
T (C—Fﬁje]‘)({l-i-ke]‘)
s.t. Tty = T; - 5 >
.. .. . . (c+Bjej) (atke;)
The objective function in Equation (6) decreases with T}, so we set Tj as ——/>——". Through

the analysis of the objective function, we obtain Corollary 1, as follows:

Corollary 1. In the benchmark model, we have the following:
(1) when B < By < 4, the higher e; is, the higher the profit i) is;

(Z)k u;h:n ﬁLb < 2% < Bu, the higher the ey is, the higher 7l is, while the 1!y, reaches its peak at
Ix _ ak—bck—appb,
°H = "Rtk

k I . Ix _ ak—bck—aB;b

(3) when 55 < BL < B, the 7r;; reaches its peak at e;” = D)

(See proof in Appendix A.1)
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Corollary 1 indicates that when the CSR cost parameter ; of the provider is relatively small
Bj < %, j = H, L), the higher the provider’s CSR is, the better. This is due to the increase in demand
brought about by the CSR improvement, which can completely compensate for the increase in cost.
However, when f; is relatively large (8; > 2—"b, j = H, L), the cost cannot be compensated completely,
so there will be an optimal CSR level which leads to the highest profit.

Next, we shall focus on the case in which the cost coefficient 8 is large enough so that the condition
% < Br < B is satisfied. Because when f is very small, a higher CSR level will bring greater profits,
and companies have the incentive to continuously improve the level of CSR. However, in practice, the
consumers’ CSR concept has not been popularized, and most consumers are still price-oriented. At the
same time, the extensive business model of companies also makes the CSR cost coefficient 8 relatively
high. Thus, it is difficult to compensate for the increase in cost with the increase in demand brought by
CSR, which is the third part of Proposition 1. Therefore, in what follows, we focus this situation and
give the optimal contract parameters < ¢;, T; >, retail price and the profits of both parties in Lemma 1.

Lemma 1. In the benchmark model, when % < BL < BH, the optimal contract parameters < e;, T; > are

as follows:
1% _ ak—bck—ap;b

¢ = TkEpEH
1o blk—pb)(aB;—ck)? @
I 2k(2Bib—k)?

The optimal retail price and the profits of the integrator and provider are as follows:

Ix :B]a —ck
= ®
Pii = 202Bb—k)
. — db(Bua—ck)* | (1-8)b(Bra—ck)®
P 4k(2Byb—k)? 4k(2BLb—k)* )
iy =0

(See proof in Appendix A.2)

As seen from Lemma 1, in the case of symmetry information, the providers only obtain a
reservation profit, which is 0. The integrators use the value of the information and the advantages of
the leader position to obtain all the profit, so that the providers can only obtain the lowest reservation
profit. This corresponds with the common result in incentive theory.

Lemma 2. The service provider has service cost thresholds for fulfilling CSR. The provider will fulfill its CSR
(e > 0) if and only if the provider’s service cost is low enough (c < 5p).
(See proof in Appendix A.3)

Lemma 2 demonstrates that lower service cost is a prerequisite for providers to be socially
responsible. When service costs are high, service providers cannot obtain sufficient profits to guarantee
the implementation of social responsibility. This is also very consistent with the reality. This article
mainly analyzes the situation when a service provider has the ability to provide social responsibility.

3.3. Screening Contract Model

In the screening contract model, integrators use incentive compatibility constraints to achieve
different types of provider separation. Recall that we assume that the provider is either the high-cost
type with probability § (0 < 6 < 1) or the low-cost type with probability 1 — J. The sequence of events
is as follows: In stage 1, the integrator designs a combination of two contracts < (ey, Txr), (er, T) > to
ensure that each type of provider gains the most profit when choosing its own type of contract through
incentive compatibility constraints. In stage 2, the provider chooses one of these contracts based on its
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own profit maximization principle. In stage 3, the integrator decides the retail price according to the
contract parameters.

In this case, since the decisions of the integrator and provider at stage 2 and 3 have not changed
compared with those in the benchmark model, Equations (4) and (5) still apply. Then, the decision at
stage 1 can be transformed into the following issue:

2 2
maxzr!l* = stk _ 1y 4 (1 - o) (Lt )

i
{ener, Ty, T}

s.t.
IR H)TH _ (”"‘keH)(ZC""ﬁHEH)) >0 (10)
IR—L)T; — w) >0
H

IC
IC

H)Ty — (a:keH)(zc+/3H€H) > T — (fH;(ka)(CﬂSHBL))
L)T; — (a+ eL)gCJF.BLC’L)) > Ty — (a+ EH)(ZCHﬁEH)

(
(
(
(

where the first two constraints (IR — j), j = H, L are the individual-rationality constraints of the two
types of providers, and the last two constraints are the incentive-compatibility constraints (IC — j),
j = H, L. The individual-rationality constraints ensure that the provider’s profit is equal to or higher
than its reservation profit, which we set at 0 in this paper. The incentive-compatibility constraints
guarantee that a provider of type i has no incentive to deviate from the corresponding contract.
mtpy(er, Tr) and 71,1 (eq, Th) respectively represent the expected profits from the high-cost provider
and the low-cost provider when misreporting the type, namely, the expected profit of the high-cost
provider (low-cost provider) when he chooses contract < e;, T; > (< ey, Ty >). Lemma 3 summarizes
the optimal contract parameters, retail price and the profits of both parties.

Lemma 3. In the screening contract model, the optimal contract parameters < (eg*, TII{I*), (eil*, TI{I*) > are

as follows:
IIs% _ akd—aByb—~obck+(1—5)Brab

€H = T kQR6-1)BLb+2Brb—kd
IIx _ ak—(bgk—ag%% 261 ) (11)
°L T Tk@apr—k)

Tl — (atel ) (ctPreji)
I —

I1x II% I1* I1x (12)
THx — ey (a+ey k) (B —PBL)+(a+e; k) (c+Bre; ™)
L 2
The optimal profits and prices are as follows:
77-'1‘11* _ 5(eﬂ*k+u)2+(4175)(ei’*kJru)z+ 13
(1—5)[(65*k+a)(f«”pf*ﬁL+C)—(€’L’*k+2a)(€£’*/5L+C)]—(B’pf*kﬂ)(#*ﬁHJrC)
”;;Iﬁ =0
s — bBu—Bu)[(aBy —ck)ota(Br—py)][akd—apysb—dbek+(1-6)Bab] (14)
pL 2k(2(BLo+Br—BL)b—0k)?

plb = (apr—ck)o+a(By—PL)

i Z%ZELHEJ(k)‘SJr‘lb(ﬁH*ﬁL) (15)

PL = 202p0-k)
(See proof in Appendix A.4)

Next, we conduct a sensitivity analysis on the CSR level of the provider and price under the
screening contract model, which is summarized in Lemma 4.
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Lemma 4. e!l* increases in By, but decreases in By, el'* decreases in Br; pli* increases in B but decreases in

Bu, pi* decreases in By.

(See proof in Appendix A.5)

Lemma 4 analyses the sensitivity of the CSR level and retail price. It is observed that the variation
tendency of the provider’s CSR level is in line with that of the retail price. This is because the higher
the level of CSR, the higher the price integrator needs to pay, so the final adjustment of retail prices
is transferred to consumers. For a low-cost provider, its CSR is only affected by their own CSR cost
coefficient. In addition, the higher the coefficient, the lower the level of CSR. However, the high-cost
provider’s CSR is affected by both types of providers” CSR cost coefficients, and the CSR level for the
inefficient provider is decreasing in its own cost coefficient and increasing in the other type provider’s
cost coefficient.

3.4. Pooling Contract Model

The pooling contract model means that the integrator has the same contract with all providers. In
real life, pooling contracts are widely used to manage the social responsibility of suppliers. In addition
to the company, SND Logistics, mentioned earlier, some well-known companies, such as Starbucks,
also use a pooling contract to manage the social responsibility of suppliers. In practice, Starbucks
requires all coffee bean suppliers to meet the same social responsibility standards through certification,
which is known as the Starbucks Coffee and Farmer Equity (CAFE) Practices certification, and they
sign the same contract with these suppliers [40]. In addition, from a theoretical point of view, the
pooling contract uses less information than the screening contract, which leads to lower efficiency.
However, Chen and Lee [40] show that in the context of the specific practice of supplier’s social
responsibility management, the contract may be more effective in lowering the supplier violation risk.
Considering that integrators can only treat the two types of providers with the same contract, there are
two options for the integrators: (1) Assume that the market is made up of all low-cost providers and
use low-cost provider contracts under information symmetry. (2) Assume that the market is made
up of all high-cost providers and use high-cost provider contracts under information symmetry. The
integrator needs to ensure that all providers can meet the participation constraints, then we analyze
the two options, as follows:

When integrator uses low-cost provider contracts under information symmetry, we have
< elll*, THI* > equals with < el*, T/* >. According to Lemma 1, it can be known that the low-cost
type of provider can only obtain a reservation profit of 0 at this time. For the high-cost provider, the
profit is as follows:

7_[11[* _ (C+ﬁLelll*2)(a+kelll*) _ (C-‘r,BHGI“*Z)(lZ-‘rkGl”*)

H
’ — _ b(Bu—pi)(apr—ck)(ak—bck—apLb) _ (16)
2k(2BLb—k)?

When the integrator uses high-cost provider contracts under information symmetry, we have
< el THI* > equals with < elf, TL¥ >. According to Lemma 1, it can be known that the high-cost
type of provider can only obtain a reservation profit of 0 at this time. For the low-cost provider, the
profit is as follows:

e N (C+‘BHEHI*)(a+k81”*) (C+‘BL€I”*)(ﬂ+k61U*)
L = 2 - 2
_ b(By—B1)(aBr—ck) (ak—bek—apy;b) (17)

>0

2k(2B1b—k)?

From the above analysis, we can see that when integrators choose to provide low-cost type
contracts, high-cost providers will withdraw from the market because they cannot make a profit. When
the integrator chooses to provide a high-cost type contract, the participation constraints of both types
of providers can be satisfied at the same time. Therefore, we propose Lemma 5, as follows:
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Lemma 5. In the pooling contract model, the optimal contract parameters< e'!*, T* > gre as follows:
eIII* _ e[* _ ﬂk—bCk—El‘BHb
THIx _ I _ b(k—pub)(ay—ck)’ (18)
H 2k(2B1b—k)?

The optimal profits and prices are as follows:

- Pra—ck
Pi = 202Bub— k) (19)
I — b(Bra—ck)®
! 4k(2Bb—k)?
sl — b(Bru—pr)(apu—ck)(ak—bck—apyb) (20)
pL 2k(2B1b—k)?
Tpp =0

(See proof in Appendix A.6)

Unlike the benchmark model and screen contract model, the integrator signs the same contract
with both high- and low-cost type providers in pooling contract model. Therefore, the decision
variables of integrator ¢, T and p are the same in the cases of high- and low- cost type in model 3,
while they are different in models 1land 2. To make it clearer, we list the optimal decision variables and
profits of the providers under the three models in the Table 2 and the profits of the integrator under
the three models in the Table 3.
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Table 2. The optimal decision variables and profits of the providers under the three models.

12 of 24

Scenarios Variables Type High (j=H) Type Low (j=L)
* k—bck—apub ak—bck—apLb
¢ uk(zﬁchiii; k(2BLb—F)
Model 1: Benchmark Model TIx b(k—Bib) (aPri—ck)? b(k—BLb)(aﬁL—zck)z
i 2k(2B1b—k)* 2k(2BLb—k)
% —ck Bra—ck
Pi 2(5273[;bik) 2(2Bi5—F)
Ix
Tyj 0 0
I1x ak—aBb—Sbck+(1—5)Brab ak—bck—aprb
i k(2((551)ﬁLb+2ﬁHb—k(5L) k(2apL—k)
Model 2: Screening Contract Model TII (a+el*k) (c+Buell) eff* (atefi k) (Bu—p1 )2+(ﬂ+eil*k)(c+ﬁw{1*)
] 2z
IIx (aBL—ck)é+a(Bu—Pr) _apL—ck
Pj Z(Zﬁ;b—k)(5+4b(gH—}L’3L) 2(2BLb—k)
7TII~* 0 b(Bu—Br)[(aBr—ck)o+a(Bu—pPr)][aké—aBrb—obck+(1—6)Brab]
ki 2k(2(BLo+Bu—Br)b—dk)
% k—bck— b ak—bck—aByb
! ak(zgﬂhi%] k(2Brb—k)
Model 3: Pooling Contract Model e b(kfﬁHb)(uﬁHfzck)z b(k;f,;b)(i;z;c;()z
] 2k(2Bb—Fk) (2BHb—k)
* - _Pra—ck
Pt 2(@Z:bikk) 2(2Bub—k)
srlIx 0 b(Bu—BL)(apu—ck)(ak—bck—aBpb)
p]

2k(2Brb—k)*

Table 3. The profits of the integrator under the three models.

Models Profits of Integrator
. Ik _ Ob(Bua—ck)® | (1-8)b(Bra—ck)®
Model 1: Benchmark Model it = (25 E) + 2P0
Model 2: Screening Contract Model s — ‘5(35*"”)2“41;5)(Ei’*kﬂ)z + (1*5)[(6'#*“”)(t’ﬁ*ﬁﬁc)*(Ei’*ﬂzﬂ)(ff*ﬁﬁc)]*(L’ﬁ*kﬂ)(eﬂ*ﬁHH)
1

Model 3: Pooling Contract Model

TT; =

I+ _ b(Bua—ck)®
4k(2Bpb—k)*
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4. Discussion

In Section 3, the first major research question in this paper is solved, that is, how to design optimal
contract parameters under different contracts. This section mainly answers the other two main research
questions in this paper: What are the impacts of different contractual models on the provider’s CSR?
How do integrators choose the right contract based on the needs of the company and what is the
information rent that the integrator needs to pay under the two contracts? In this section, we first
compare of provider CSR under the three scenarios to explore the impact of different contractual
models on the CSR. Next, this paper compares retail prices and profits under the three scenarios and
analyzes the optimal contract choice of the integrator under different circumstances to provide support
for decision-making. Finally, we explore information rent under the two contractual models of the
screening contract and pooling contract.

4.1. Comparison of CSR Level

This section mainly discusses the CSR level of the two types of providers and proposes Proposition
1. We first analyze the CSR of the two types of providers for the same scenario, and then we compare
the CSR of the same type of provider under different scenarios. The obtained Proposition 1 is as follows:

Proposition 1. (1) In three different scenarios, we have ei* > ef{*; eil* > eﬁ*; ein* = egl*.
(2) For the low-cost provider, we have el < ell* = el* while for the high-cost provider, we have

el < elll* = olx,
(See proof in Appendix A.7)

The first part of Proposition 1 compares the CSR level between the two types of providers in the
three scenarios. It can be seen that the CSR level of the high-cost provider and that of the low-cost
provider are the same when the pooling contracts are provided. In the other two scenarios, the low-cost
provider’s CSR level is higher than that of the high-cost provider. This is because in the pooling contract
model, the integrator uses the same contract for both types of providers. In the benchmark model,
since both types of providers can only obtain a retained profit of 0, at the same profit level, the low-cost
provider is more efficient at providing better CSR. In the screening contract, the low-type provider
obtains more profits than the high-type, so it has more potential to provide higher social responsibility.
Therefore, low-type providers can provide a higher level of social responsibility in both the benchmark
model and the screening contract model,

The second part of Proposition 1 illustrates that the CSR level is optimal for both high- and
low-cost providers in the benchmark model, where information is completely symmetric. However,
the distortions of the CSR level in the screening contract and pooling contract are different for these two
types of providers. When the integrator provides a screening contract, the CSR level of the low-cost
type is as high as that under information symmetry, but the CSR level of the high-cost provider will be
lower than that when the information is symmetric. When the integrator provides a pooling contract,
the conclusion is just the opposite. The reason for this phenomenon is that when integrators provide
pooling contracts, the low-cost provider’s competition and information advantage is the greatest. They
only need to maintain the same level of social responsibility as the high-cost type to obtain higher
profits, so there is no motivation for them to improve CSR.

4.2. Comparisons of Price and Profits

This section compares the retail prices and profits of providers under different scenarios. Similar
to the analysis of CSR, we first analyze the retail prices and profits of two types of providers for the
same scenario, and then we compare the prices and profits in three different scenarios. Proposition 2
and Proposition 3 compare prices and profits, respectively.

IIx I11*

Proposition 2. (1) In three different scenarios, we have pt* > pl, pll* > pllx plilx — plllx,
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(2) For the low-cost provider, we have pH!™* < pll* = pl* while for the high-cost provider, we have
IT* IIx _ ,Ix
PH <Pu = PH

The first part of Proposition 2 compares the service prices of the high- and low-cost providers
under the three scenarios. The services of the high-cost and the low-cost providers are priced the same
only when the pooling contract is provided. Under the other two scenarios, the retail price of the
low-cost provider’s service is higher than that of the high-cost provider. The second part of Proposition
2 compares prices of two types of providers in three different scenarios. Proposition 2 indicates that
the variation trend of prices is completely consistent with that of the CSR. This is because when the
CSR changes, the lump-sum payment that the integrator gives to the provider will change accordingly.
This part of the change will eventually transfer to the consumer through the retail price because the
integrator will not bear the cost by itself. We further compare the profits of providers in Proposition 3.

Proposition 3. (1) In three different scenarios, we have né*L = nlljﬁ, il > nllfﬁ, ﬂ;IfLI* > néﬁ* ;

pL
(2) For the low-cost provider, we have 71;;54 = nélﬁ = 7'(;,115*, while for the high-cost provider, we have
Ix I1x I
Ty < Ty < 7T,

(See proof in Appendix A.8)

4.3. Information Rent

In the screening contract model and the pooling contract model, the providers all have an
information advantage. With the information advantage, the efficient provider can obtain some extra
profit, which we call information rent. Information rent is an important indicator to measure the
validity of contracts under asymmetric information, and it is the embodiment of information value
under the two types of contracts. This section will analyze the information rent under these two
contracts proposed in Proposition 4.

Proposition 4. (1) In a screening contract, the information rent R;}L is as follows:

RI = gl — pls = eff* (a+eff*k) (Br—pr)
P

L )
_ h&ﬂ —BL) ﬁﬂﬁL*CkWJra(ﬁH —B1)][aké—aPyb—0bck+(1—5) B ab]
2k(2(BLO+Br —BL)b—ok)*

I1x

(2) In a screening contract, the information rent RéILI is as follows:

RUL = mlllx _ plx b(Br — BL)(aPr — ck)(ak — bck — aPpb)

Ly 2k(2Bb — k)?

The first part of Theorem 4 illustrates that under the screening contract, integrators separate the
low-cost and high-cost types of providers through the contract menu. As seen from Lemma 3 that the
high-cost provider type can only obtain a reservation profit of 0 at this time, and the low-cost provider
uses its cost and information advantages to obtain a positive profit, which we call the information rent
that the integrators need to pay to ensure that low-cost providers tell the truth. Similar to the case of
the screening contract, the second part of Proposition 4 shows that the low-cost provider obtains a part
of the profit higher than the reservation profit, and the information rent is paid by the integrator to the
efficient provider. Next, Proposition 5 compares the information rents of the two contracts.

Proposition 5. No matter what the ¢ is, we always have RfJILI > R{OIL That is, the information rent in the case
of pooling contract is always larger than that in the case of screening contract.
(See proof in Appendix A.9)
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Proposition 5 shows that regardless of the proportion of the two types of providers, the
information rent paid by the integrator under the screening contract model is less than that under the
pooling contract model. This is because, under the screening contract model, the integrator uses the
proportion information of the providers to identify the provider. In the pooling contract, the integrator
uses very little information. This conclusion is also consistent with the definition of information rent in
the incentive theory.

5. Numerical Examples

In this section, we interviewed one of the managers in the company, Tianjin SND Logistics,
and collected some data for the numerical example to verify the conclusions and obtain more
managerial insights.

5.1. Data Collection

Tianjin SND Logistics company is one of the top ten logistics companies in Tianjin. It was
established in 2007 and has more than 30 branches and 500 employees in China. Tianjin SND is a
typical logistics service integrator. They have more than 210 functional logistics service providers
and integrate the capacity of 2000 transport trucks and own over 160,000 square meters of warehouse.
By integrating logistics service providers, Tianjin SND provides logistics services to a number of
well-known multinational companies, such as Procter & Gamble and Siemens [41]. SND has strict
management of its provider’s level of CSR. When they sign a service contract with a service provider,
they will also sign a subcontract to constrain the level of CSR of the provider.

Through a survey, we collected shipping volume data of the line from the Chuzhou, Anhui
province to the Lanzhou, Gansu province, which is one of the regular lines that SND serves for Siemens.
SND has ten logistics service providers on this line, six of which are relatively large companies. These
companies have relatively low costs of providing CSR. The other four are small businesses, and
fulfilling CSR is a greater cost burden for them. The total shipping volume of this line in 2017 is 444.

During the interview, we learned that due to the characteristics of the logistics transportation
market, the relationship between the shipping volume and the freight rate is not significant. In
contrast, with the increase of social responsibility awareness and the potential risks brought by social
responsibility scandals, the good social responsibility performance of companies will have a positive
impact on the shipping volume. Through some assumptions and collection of raw data, the numerical
example data in this paper are shown in Table 4.

Table 4. Data used in numerical examples.

Parameters a b k Bu BL )
Data 444 4 15 22 1.9 0.4

5.2. The Effect of the Service Cost ¢

During the interview, the manager of SND stated the following: “At present, the social
responsibility of the provider is mainly reflected by the service cost. The fluctuation of the service cost
of the logistics industry is relatively large. The oil price, high-speed fee and tax policy will directly
affect the service cost; when the cost fluctuates, the performance of the providers” CSR varies greatly.”
Therefore, in the numerical example section, we first discuss the impact of the service cost on CSR

and profits.
(1) The effect of the service cost c on CSR

According to Lemma 2, this paper mainly analyzes the situation when a service provider has the
ability to provide social responsibility, namely, when ¢ < 5. Therefore, in the numerical simulation,

the value range of the service cost is set as ¢ € (10,30). The impacts of service cost on the two types of
providers” CSR level are shown in Figure 1.
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Figure 1. (a) Effect of c on ¢ ; (b) Effect of c on ep.

As seen from Figure 1a,b, the CSR level of both the low- and high-type providers decreases in
service cost. This further shows that as the cost of services continues to increase, the profit margin of the
provider is compressed, which leads to the decline of their ability to fulfill their CSR. So maintaining
a reasonable profit margin of the provider is a prerequisite for improving its social responsibility.
Additionally, Figure 1 also shows that for low-cost providers, the CSR level is the lowest under the
pooling contract model. Conversely, for high-cost providers, the CSR level under the screening contract
is the lowest. This further validates the conclusion of Proposition 1 in this paper.

(2) The effect of the service cost ¢ on the integrator’s profit

In Section 4.2, the profits of the providers are compared. However, the integrator’s profit cannot
be directly analyzed and compared, so it is numerically analyzed through the numerical simulation.
Based on the previous parameter assumptions, Figure 2 shows the impact of the service cost on
integrator’s profits.
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Figure 2. (a) Effect of ¢ on 7; in three models; (b) Effect of ¢ on 7; in two contracts.

Figure 2a shows the trend of the integrator’s profit with the service cost in the three scenarios. It
can be seen that the profit in the information symmetry (benchmark model) is significantly greater
than the profits of the other two contract models where the information is asymmetric. This shows
that the provider’s CSR cost information is of great value to the integrator. To more clearly compare
the integrator’s profit under two contract models, Figure 2b plots the integrator’s profits of these
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two contract models under the same parameters. It can be seen that in the screening contract model,
the integrator’s profit is always greater than that of the pooling contract model. This is because the
integrator needs to pay higher information rent under the pooling contract model, so the integrator
will have a lower profit.

Combined with the analysis of CSR in the previous section, we obtain an important management
insight, that is, when profit-oriented, the integrator should choose to provide screening contracts, and
when integrators pursue a higher average level of social responsibility, the integrator should choose to
provide a pooling contract.

(3) The effect of the service cost ¢ on information rent

Based on the previous parameter assumptions, Figure 3 shows the impact of the service cost on
information rent.

12,000 T T T T T T

I
—— RpL

10,000 RIII
—
pL

8000

RpL 6000

4000

2000

Figure 3. Effect of ¢ on information rent.

Figure 3 indicates that information rent will decrease as the service cost increases. The decrease
rate of the pooling contract model is significantly faster than that of the screening contract model.
Additionally, Figure 3 also shows that the information rent of the pooling contract model is always
higher than that of the screening contract model, which also verifies Proposition 5 of this paper.

5.3. The Effect of the Proportion of Provider 6

(1) The effect of the proportion of providers J on the integrator’s profit

In addition to service costs, the proportion of providers can also have a significant impact on
integrator’s profit. Figure 4a,b show the trend of integrator profit as the proportion of high-cost
providers changes.
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Figure 4. (a) Effect of 6 on 7; in three models; (b) Effect of § on 7; for the two contracts.

Similar to Figure 2a, Figure 4a reflects that the integrator’s profit in the benchmark model is much
larger than the that in the other two types of contracts. Figure 4b provides a clearer comparison of
the integrator’s profits under the pooling and screening contract models. It can be seen that the profit
of the integrator under the screening contract is always greater than the profits under the pooling
contract, which verifies the conclusion in Section 5.2. Moreover, the integrator’s profit does not change
with § with the pooling contract model. However, when the screening contract is provided, the profit
of the integrator decreases first and then increases with é.
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6. Conclusion and Management Insights

This paper considers a two-stage service supply chain consisting of an integrator and a provider
and studies the optimal contract parameters of the integrator under the three following models:
information symmetry model, screening contract model and pooling contract model. Then, we further
study the provider’s CSR level, the profits of supply chain members and the information value of CSR
costs under the different models to support the decision-making of enterprises.

The main conclusions are summarized as follows: (1) Similar with Ma et al.’s research [12], we
find the provider’s CSR level is closely related to its service cost and CSR cost coefficient. When the
provider’s service cost is high, the provider will refuse to fulfill their social responsibility and may
even harm the interests of stakeholders to ensure the survival of the company. At the same time, when
the CSR cost coefficient is small, the provider has the incentive to continuously improve the level of
social responsibility, and vice versa. (2) Screening contracts and pooling contracts have different effects
on the CSR level of different types of providers. For low-cost providers, the CSR level is higher when
the integrator provides the screening contract. Conversely, for the high-cost provider, the CSR level is
the lowest when a screening contract is provided. This conclusion enriches the findings of previous
literatures which only consider the traditional revenue sharing or the two-part tariff contracts [12,19].
(3) For integrators, the information rent paid under the screening contract is less than that under the
pooling contract. In addition, through numerical simulation, we know that in the case of symmetrical
information, the integrator’s profit is the highest, followed by the profit in the screening contract
model. In the screening contract model, the profit at this time is first decreased than increased with the
proportion of the high-cost type provider ¢.

Based on the above conclusions, we gain the following management implications. First, when
the provider’s service and CSR costs are high, to ensure the provider’s CSR level, integrators should
not force to lower prices to make sure the provider has the ability to fulfill their CSR, and they need
to design a contract to restrict the behavior of the provider. For example, in China’s logistics service
industry, due to the pressure of taxation and high-speed fees, the service cost of the provider is high,
and the incentive of the provider to actively raise the CSR level is insufficient. Therefore, the contractual
constraints of the integrator are especially important. This conclusion is also suitable for tourism
and platform-centric service supply chains. Second, for integrators, the development orientation
of the company should be determined before choosing the contract. If the company pursues profit
maximization, he should choose to provide the screening contract. When the integrator needs to ensure
a higher average level of social responsibility, the pooling contract should be chosen. Finally, obtaining
the provider’s CSR cost information can greatly increase the profit of the integrator. Therefore, the
integrator should eliminate the influence of information asymmetry by establishing a closer strategic
partnership with the provider.

Several limitations of this paper merit further research. First, under information asymmetry, this
paper only considers the comparison of two different contract models. The next research can expand
the contract type, such as including the traditional wholesale price contract and the two-part tariff
contract. Second, this paper only considers the two-stage supply chain. The CSR of the providers in
the multistage supply chain is also worthy of further discussion. Finally, the platform economy is
gradually emerging. In the context of the platform-based service supply chain, it will be interesting
to study how the platform regulates the social responsibility from the perspective of both supply
and demand.
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Appendix A

Appendix A.1 Proof of Corollary 1

The objective function in Equation (6) is decreased with T]-, so we set T] as w, and
o . +ke;)? ie;) (atke; )
the objective function becomes maxnin _ L 4;’ G e]%(ﬁ %) We take j = H as an example, and
{ejij}

. N [ .only  k(eyk+a)
we take the first and second derivative of 71;;; with respect to ey, and we obtain ek = gy~
Br(epk+a)—k(egk+c) mly®  K2—2Bykb

2 " ey 2 -
orl?  K2—2Bykb k - L
From Fen = a2 We know that when By > 5, the objective function is concave and there

is an ey leading the maximum profit. Conversely, when Sy > kaf on the right side of the axis, the

. . . o : . an
higher ¢; is, the greater the integrator’s profit is. When the optimal ey exists, we set BZ’; = 0, and have

el = %. When j = L, the proof is the same.

Thus, we complete the proof of Corollary 1.

Appendix A.2 Proof of Lemma 1

According to Appendix A.1, substituting elf = % and el* = m%lz)w into Equations
_ (c+Bje;)(atke;) Bia—ck
(3) and (4), and T} = —57—F m,
b(k—p;b) (ap;—ck)®
2k(2B;b—k)*
Since the proportion of high- and low-cost provider are § and 1 — J, respectively, the profit of

integrator is 7t/*

, we can obtain the optimal p]l* = 7'({7}‘ = 0, and TjI Y=

= rtl; 4+ (1 — §)7;; . Substituting the optimal decision variables into it and we obtain
_ Ob(Bra—ck)® | (1-8)b(Bra—ck)®

T 4k(2Bpb—k)? 4k(2BLb—k)?

Thus, we complete the proof of Lemma 1.

that the optimal profit is 7r;/*

Appendix A.3 Proof of Lemma 2

We also take j = H as an example, and according to Appendix A.1, we assume 2yb —k > 0 in
this paper. Thus, to ensure the positive CSR of the provider, ak — bck — aByb > 0 needs to be satisfied.
Combining these two conditions, we can know that only when ¢ < ;’—b, we haveey > 0. Whenj =1L,
the proof is the same.

Thus, we complete the proof of Lemma 2.

Appendix A.4 Proof of Lemma 3

According to contract theory, we first assume that the first and fourth constraints in Equation (10)
are binding constraints and then check ex post that the omitted constraints are indeed strictly satisfied.
Then, we obtain the following:

Tl — (atepik)(c+Buer;)
H 2

T _ cii(ateik) (Bu—pr)+(a+ef'k) (c+Brei’)
L — 2
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Substituting T}/ and T}! into the objective function of Equation (10), we obtain the profit of
integrator as follows:

7_[[1 _ 5( (ﬂ+§;ﬁ)2 _ (a+€ﬁk)(2C+[3H€ﬂ))+
(1-0)( (HEL)Z _ Eﬁ(ﬂ+fﬁk)(ﬂH*ﬁL);r(ﬁeilk)(C+ﬁL3£I))

Then, we take the first derivative of nl.l I with respect to eﬁ and eil , and obtain

ol (ellk+a)ks Sk(elBr+c)—dBu (elk+a)
?ﬁ - 2b o 2
+(1 _ 5)[k(eﬁ/5L+c)J2r‘BL(eﬂk+u) . k(egﬂH+c);ﬁH(eﬂk+a)]

oril (1 5)[k(eﬁk +a)  klef'BL+c)+Brlef'k+ a)]
oell 2b 2 '
or!! onl! .
Set @: 0, ?f;l: 0, then we have the following:

IIs« _ akd—aByb—obck+(1—-6)Brab
°H = “kQ@(6-1)BLb+2Bub—ko) 21
I« _ ak—bck—aBrb ( )
°L = Tk(2apL—k)

Substituting the above optimal solutions into T Tl-I I'and nl-I I' then we obtain the optimal THx,
TZ-I I and 7IZ-I I*, as shown in Equations (13) and (14). Then, substituting them into Equations (1) and (3),
and obtain the prices and profits of two types of providers as follows:

71-[1* =0
pH
il — b(Bar—Br)[(aBr—ck)o+a(Ba—pBr)][akéd—aBrrb—obck+(1—0)Brab]
pL —B1)b—0dk)?
2k(2(BLo+BH—PBL)b—0k)

1 _ _(aprL—ck)o+a(By—PBL)
PH = 202pub—k)5+4b(Br—pr)
IIx _ _app—ck
PL = 202K

Thus, we complete the proof of Lemma 3.

Appendix A.5 Proof of Lemma 4

ol p5(1—6)(a—2bc) dellx b6 (a—2bc)

) According to Table 2, we have B TBrot B pr)b kT > 0; B~ T RBiopapLb o] <0
de; ™ b(a—2bc)
B = gk =
apll  bok(1—6)(a—2bc) 0: P — _ bok(a—2bc) <0 0P _ _ bk(a=2bc)
9BL  22(BLo+Br—pL)b—ok]” "B 2R(BLo+Br—pL)b—ok)” POl 2(2BLb—k)’ ’
Therefore, ell* increases in B, and decreases in By; el!* decreases in B ; and pi* increases in B

and decreases in fy; and pg * decreases in fy.

Thus, we complete the proof of Lemma 4.
Appendix A.6 Proof of Lemma 5

ITx _ Ix _ ak—bck—apyb s _ o _ b(k=Bb)(aBy—ck)®
Based on Lemma 1, we know whene'*'* = ¢;7 = K(2Brb—F) and T =Ty = *(2pyh K7

1112
we have npﬁl* = npﬁ = 0. Substituting el and T in to Equation (17) and 1 = 5(% —

£\2
TIII*) + (1 . 5)( (a+kz£n ). Tm*)‘ Then we have ng)ILI* _ b(Bu—Br)(apn—ck)(ak—bck—aByb)

M _
2k(2B1b—k)?

and 7r;

2
%, respectively.
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Thus, we complete the proof of Lemma 5.

Appendix A.7 Proof of Proposition 1

del* _ b(a—2bc)

(1) Proof of the first part of Proposition 3: because 4 F = T prir

< 0 and ﬁH > ﬁL, we

aeH

I« I II*. Additionally, we know that =

have e;* > eﬁ‘. In addition, when § = 1, we have e;j = ey".

2 (Z(ﬁ ;jr ;ﬁ Ligl;lfbcgk]z > 0and é < 1, so we can obtain efj > eﬁ*, and from Table 2, we know that
L H L

i* — II* > eII>0< and eIII>0< — ef{H*.
(2) Proof of the second part of Proposition 3: in Table 2, we can observe that el* = el!*, elll* = ¢l¥,
and we have proven that e}* > el¥ in the first part, so we have el!’* < ell* = el*. For the high-cost

I1x

provider, we already know that elr > el b = el fis _ pllls _ ls

and e;; = ey’ thus we have eyt <egt=eq.
Thus, we complete the proof of Proposition 1.

Appendix A.8 Proof of Proposition 3

(1) Proof of the first part of Proposition 3: the comparison can be obtained directly in Table 2, so

we have ”,{fi = an =0, nH* > nll* 0, nm* > nm* 0.

(2) Proof of the second part of Proposmon 3: because n{;}{ = 7'[{,11_’; = nllqg* =0, 711* = 0, and

il = RIL il — RII 1 liRsne
T = Ryt =Ry . According to Proposition 5, we have R L <Ry, s0 7'( L <70 <70

Thus, we complete the proof of Proposition 3.

Appendix A.9 Proof of Proposition 5
Based on Proposition 4, we know the following:

RI} _ bprr—po) (oo Brypu) [0k0—abubsbek 10l g RIS

2k(2(BLo+Br—pL)b—0k)*
b(Ba— ﬁL)(ﬂﬁH ck)(ak—bck—appb)
2k(2Byb—k)?
We know that when § = 1, Rp = RI II Tn addition, then we take the first derivative of R;IL with

ORI -
respect to 6§ and obtain IspL — _bokla—2be)’ (ﬂ pu)’
2[2(BLo+Bu—PBL)b—0k]

Thus, we complete the proof of Proposition 5.

> (. Because § < 1, we have R 1 < RIH
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