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The supply chain always appears inefficient because of the different targets of members and information asymmetry, especially when
upstream enterprises not only hide information about their effort levels, but also hide information about their technology level. The
paper uses principal-agent theory and the theory of regulation to design the contract to realize the maximization of principal’s profit
on the condition that the contract satisfies the participant and incentive conditions of agent. As a result, it is obvious that the contract
achieves the goal of control. In addition, it also can be concluded that the amount of rent that the manufacturer can obtain is up to
the value of his information and the condition of his resource.

1. Introduction
Supply chain is a network which can put suppliers, manufacturers, distributors, retailers, and final users together, which
is characterized by the integration of external resources for
cooperation networks. Supply chain performance depends on
the joint benefit of the enterprises [1]. However, the supply
chain always appears inefficient because of the different
targets of members and information asymmetry. Therefore,
an important issue in supply chain management is how to
establish the appropriate coordination mechanism for the
independent enterprises in order to achieve the maximization
of the overall profit of the supply chain [2–8].
Because of information asymmetry, the difficulty of
coordination increases [9]. Many contracts and pieces of
literature have studied the coordination of supply chain from
perspective of principal-agent problem, while, at the same
time, various aspects of coordination in supply chain have
been studied too, such as pieces of literature [10–16].
In practice, the effort level of retailers can affect products’
demand. Literature [17] puts the effort level and risk preference of decision-making of node enterprise into decisionmaking model and analyses their impact on the decision and
cooperation of supply chain. The literature [18] investigates

the issue of channel coordination for a supply chain facing
stochastic demand that is sensitive to both sales effort and
retail price. In the literature [19], a perishable product’s
supply chain consisting of a manufacturer and a retailer is
considered; on the premise of retailer’s effort and return price
dependent demand, the mathematical models of quantity
flexibility contract are established. The literature [20] analyses
retailer’s effort level’s impact on supply chain revenue-sharing
evolvement- contract and gain retailer’s effort level’s reaction
function and its optimal value.
These pieces of literature, for example, literature [19],
think that effort level of the upstream agents is private
information which is the key to cause motivation. The profit
of supply chain increases synchronously when the effort level
of upstream enterprises increases, while, at the same time,
the cost of effort level of upstream enterprises also increases.
What is more, the increased cost of upstream enterprises
may be much more than profit of upstream enterprises.
Therefore, in order to maximize their own profits, efforts
of downstream enterprises may be not in the appropriate
level. So, an effective solution to the principal-agent problem
between the upstream and downstream enterprises is to
stimulate the upstream enterprises to improve their effort
levels. However, we think that, in fact, upstream enterprises
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not only hide information about their effort levels, but also
hide information about their technology level (or resource
endowments). If the downstream enterprise has poor knowledge about distribution of technology level to the upstream
enterprise, the upstream enterprise may obtain higher rent
(e.g., supply chain distribution is carried out in accordance
with the amount of resource input. If the downstream
enterprise has vaguer understanding of the upstream firm’s
resource input, the upstream firm’s transferring rent may
be higher). Therefore, an effective solution to the agency
problem between the upstream and downstream enterprises
may need not only simulating the effort level of downstream
firm, but also taking the effect of technology level to income
distribution into account. This paper designs the incentive
system based on the supply chain through two kinds of
constraints, moral hazard and adverse selection.

2. Assumptions of Model
This paper considers that there are one seller and one
manufacturer in a two-lever supply chain. The seller simulates
the manufacturer that hides private information. In order
to keep generality, Assumptions 5–7 are basic hypothesizes
of general information economics. Assumptions 1–4 are the
basis of our model.
Assumption 1. When he gets paid from consumers, the
seller gives the manufacturer cost compensation 𝑠 ⋅ 𝐶 (𝑠 is
compensation rate and 0 < 𝑠 < 1) and transferring payment
𝑡.
This assumption points out the characteristics of the
decision-making. The profit of the manufacturer is made up
with the payment of cost compensation and the transferring
payment 𝑡. Therefore, the key motivation of the seller to the
manufacturer is the design of 𝑡. It is a common assumption in
incentive problem. For example, literature [20] uses the same
assumption.
Assumption 2. There are moral hazard and adverse selection
in motivation.
In contract, the manufacturer has his private information
of technology, but the cost of the activity which is reduced
cannot be observed by the seller. Cost function [21] can be
written in the following form:
𝐶 = (𝛽 − 𝑒) 𝑞 + 𝛼.

condition of monotone hazard rate [21]. 𝑒 is the effort or
cost reduction activities (the speed of cost reduction activity
is decreasing). 𝑒 is related to the types of the manufacturer;
in other words, 𝑒 = 𝑒(𝛽). This cannot be observed by the
seller. We can define 𝜓(𝑒) as the cost of effort and it satisfies
𝜓 (𝑒) > 0, 𝜓 (𝑒) > 0, 𝜓 (𝑒) ≥ 0, 𝜓(𝛽) = +∞. 𝑞 means
production. 𝛼 is the fixed cost which we standardize to zero.
At this point, 𝑐 = (𝛽 − 𝑒) is not only the marginal cost of the
manufacturer, but also the average cost of the manufacturer.
This assumption means that this paper involves two kinds
of asymmetric information. Generally speaking, most of
the pieces of literature about asymmetric information only
involve a certain kind. For example, literature [22] provides
quantity discount contract in which cost is private information (adverse selection). Literature [23] studies problem about
moral hazard in warranty contract. However, a few pieces of
literature study two kinds of asymmetric information. For
example, literature [24] uses the principal-agent theory and
studies the game between supplier and retailer in supply
chain with two kinds of asymmetric information—adverse
selection and moral hazard.
Assumption 3. The cost of the manufacturer is 𝐶 and the
production is 𝑞; what is more, the cost and production can
be verified. However, the seller cannot distinguish the various
components of the cost.
This assumption indicates that the optimal incentive
contract is based on the total cost and demand data. It is the
extension of Assumption 2.
Assumption 4. Because the seller cannot observe 𝛽, 𝑒, when
the seller designs the incentive contracts, he considers the
design of 𝑡 through 𝛽̂ which is announced by the manufacturer.
Assumption 5. If the contract cannot guarantee the lowest
expected utility of the manufacturer, the manufacturer can
refuse to produce.
This assumption forces the seller to keep to the “participation” constraint of the manufacturer. It can be seen in
many pieces of literature about contract design, such as pieces
of literature [18–20], and literature [22]. We can define 𝑈
as the expected utility of the manufacturer and standardize
the lowest expected utility to zero. 𝑈 ≥ 0 is the rent of the
manufacturer or surplus.

(1)

In this function, 𝛽 is a technical parameter (high 𝛽 means
inefficient technical level). The seller does not know the 𝛽
of the manufacturer, but he knows that 𝛽 is a continuous
parameter which belongs to [𝛽, 𝛽]; 𝐹(⋅) means the absolutely
continuous distribution function and its density is 𝑓(⋅); what
is more, when 𝛽 ∈ [𝛽, 𝛽], 𝑓(𝛽) > 0. In addition, the
monotone hazard rate or log-concave 𝑑[𝐹(𝛽)/𝑓(𝛽)]/𝑑𝛽 ≥
0. For most distributions, such as uniform distribution,
normal distribution, logarithmic distribution, exponential
distribution, and Laplace distribution, they all satisfy the

Assumption 6. The risks of the seller and manufacturer are
neutral.
This assumption not only can decrease the computational
difficulty, but also does not lose generality.
Assumption 7. In order to discuss easily, we can define the
relationship of the total production and price as
𝑞 = 𝑎 − 𝑏𝑝.

(2)

Based on these assumptions, the seller is the designer and
executor of the contract. The seller can design the transfer
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payment 𝑡 to motivate the manufacturer, while, at the same
time, the action of the manufacturer chooses the lever of
̂ The
effort 𝑒 and announces the level of technical parameter 𝛽.
design of incentive system has the following game order and
strategies.
(1) The seller designs the contract, which is the function
̂
of the total output, cost, and 𝛽.
(2) When the manufacturer knows the content of the
contract, the manufacturer needs to decide whether
to accept the contract, to choose the lever of effort,
̂
and to announce the level of 𝛽.
̂
(3) The seller observes the total production, cost, and 𝛽.
(4) According to the observations, the seller executes the
contract.

3. Model Analysis and Solution
3.1. Conditions of Participation and Incentive for the Manufacturer. According to Assumptions 2–5, when the manû the transfer
facturer announces the technical parameter 𝛽,
̂ and the
payment that is received by the manufacturer is 𝑡(𝛽),
utility of the manufacturer is the function of real technical
̂
parameter 𝛽 and announced technical parameter 𝛽:
̂ = 𝑡 (𝛽)
̂ − (1 − 𝑠) 𝑐 (𝛽)
̂ 𝑞 − 𝜓 (𝛽 − 𝑐 (𝛽))
̂ .
𝑢 (𝛽, 𝛽)

(3)

Form Assumption 2, we know that 𝜓 (⋅) > 0. So formula (6)
indicates that 𝑐(𝛽) is the nondecreasing function of 𝛽; in other
̇ ≥ 0.
words, 𝑐(𝛽)
If the manufacturer chooses the best 𝛽̂ in order to
̂ as the
maximize the rent, we can define 𝑈(𝛽) = max𝛽̂𝑢(𝛽, 𝛽)
rent of the manufacturer, and 𝛽̂ is based on the real technical
̂
parameter 𝛽; in other words, 𝛽̂ = 𝛽(𝛽).
Then the maximum
first derivative of formula (3) to 𝛽 is zero. We use the envelope
theorem to maximize formula (3) and announce that the
technical parameter 𝛽̂ = 𝛽; we can get that
𝑈̇ (𝛽) = −𝜓 (𝛽 − 𝑐 (𝛽)) .

If you meet the first-order condition, and 𝑐(𝛽) is nondecreasing, then formula (7) is not only the necessary condition,
but also the sufficient condition of both formulas of (5),
thereby it can satisfies the incentive requirements. Then from
“participation” condition (4), we know that 𝑈(𝛽) ≥ 0.
Because the rent of the seller which is designed to motivate
̇
is cost, and from the formula (7), we know that 𝑈(𝛽)
≤ 0. So,
the seller defines 𝑈(𝛽) = 0. We can obtain from formula (7)
𝛽

̃ d𝛽.
̃
𝑈 (𝛽) = ∫ 𝜓 (𝑒 (𝛽))
𝛽

(4)

Formula (4) embodies the manufacturer’s participation constraint. When the seller designs contract, he must keep the
“participation” constraint of the seller.
In order to motivate the manufacturer to announce the
real technical parameter, the design of the contract must
satisfy the following conditions.
For all 𝛽1 , 𝛽2 ∈ [𝛽, 𝛽], if the manufacturer claims that his
technology level is higher than the actual level, the seller will
pay more rent to motivate. Therefore, in order to stimulate
the manufacturer to announce the true technology level, the
seller develops the following rules:

≥ 𝑡 (𝛽2 ) − (1 − 𝑠) 𝑐 (𝛽2 ) 𝑞 − 𝜓 (𝛽1 − 𝑐 (𝛽2 )) ,
𝑡 (𝛽2 ) − (1 − 𝑠) 𝑐 (𝛽2 ) 𝑞 − 𝜓 (𝛽2 − 𝑐 (𝛽2 ))

(5)

𝑐(𝛽2 )

𝛽1

𝑐(𝛽1 )

𝜓 (𝑦 − 𝑥) d𝑥 d𝑦 ≥ 0.

𝛽

𝛽

𝛽

𝛽

𝛽

𝐹 (𝛽) 
=∫
𝜓 (𝑒 (𝛽)) d𝐹 (𝛽) .
𝑓
(𝛽)
𝛽

(9)

The second equation uses integration by parts. Therefore, we
can get the following incentive compatibility constraints:
𝛽

𝛽

𝛽

𝛽

∫ 𝑈 (𝛽) d𝐹 (𝛽) = ∫

𝐹 (𝛽) 
𝜓 (𝑒 (𝛽)) d𝐹 (𝛽) ,
𝑓 (𝛽)

𝑐 ̇ (𝛽) ≥ 0.

(10)
(11)

3.2. The Goal of the Seller. The seller can decide 𝑡(⋅) and
maximize its expected profit according to the observed
contract parameters 𝑐(⋅), 𝑞(⋅) (the cost of the seller can be
standardized to 0). Consider
𝛽

∫ [𝑝 (𝑞) ⋅ 𝑞 − 𝑠 ⋅ 𝑐 ⋅ 𝑞 − 𝑡] d𝐹 (𝛽) .
𝛽

(12)

Put formulas (1) and (2) into formula (12), we can get
𝛽

max

{𝑒(⋅),𝑞(⋅),𝑈(⋅)}

∫ [𝑝 (𝑞) ⋅ 𝑞 − (𝛽 − 𝑒 (𝛽)) ⋅ 𝑞 − 𝜓 (𝑒 (𝛽))
𝛽

(13)

− 𝑈 (𝛽)] d𝐹 (𝛽) .

Formula (5) may transform to
𝛽2

𝛽

{𝐶(⋅),𝑡(⋅),𝑞(⋅)}

≥ 𝑡 (𝛽1 ) − (1 − 𝑠) 𝑐 (𝛽1 ) 𝑞 − 𝜓 (𝛽2 − 𝑐 (𝛽1 )) .

∫ ∫

𝛽

̃ d𝛽̃ d𝐹 (𝛽)
∫ 𝑈 (𝛽) d𝐹 (𝛽) = ∫ ∫ 𝜓 (𝑒 (𝛽))

max

𝑡 (𝛽1 ) − (1 − 𝑠) 𝑐 (𝛽1 ) 𝑞 − 𝜓 (𝛽1 − 𝑐 (𝛽1 ))

(8)

So, the expected transfer rent of the seller is

According to Assumption 6, the contract must reach the
lowest expected utility level of the manufacturer, or the
manufacturer will refuse to cooperate. So,
̂ ≥ 0.
𝑢 (𝛽, 𝛽)

(7)

(6)

At the same time, when the seller designs the contract, he
is also restricted by the incentive compatibility constraints,
namely, (10) and (11) constraints.
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3.3. Determination of the Contract. Put formula (10) into
formula (13), we can get the optimal planning of the seller:

From formulas (16) and (17), we can get 𝑒∗ (𝛽) and 𝑞∗ (𝛽);
the rent of the manufacturer and transfer payment is
𝛽

𝛽

max

{𝑒(⋅),𝑞(⋅),𝑈(⋅)}

̃ d𝛽,
̃
𝑈∗ (𝛽) = ∫ 𝜓 (𝑒∗ (𝛽))

(23)

𝑡∗ (𝛽) = 𝑈∗ (𝛽) + 𝜓(𝑒∗ (𝛽)) + (1 − 𝑠)𝐶(𝛽)∘ .

(24)

∫ [𝑝 (𝑞) ⋅ 𝑞 − (𝛽 − 𝑒 (𝛽)) ⋅ 𝑞

𝛽

𝛽

𝐹 (𝛽) 
− 𝜓 (𝑒 (𝛽)) −
𝜓 (𝑒 (𝛽))] d𝐹 (𝛽) .
𝑓 (𝛽)
(14)
The condition of constraint is
𝑒 ̇ (𝛽) ≤ 1.

(15)

Here, formula (15) is based on the 𝐶(𝛽) = (𝛽 − 𝑒(𝛽)) ⋅ 𝑞 of
Assumption 2 and formula (11).
From Assumption 2, we can know that 𝜓 (𝑒) ≥ 0, so the
integrand function of formula (14) is concave. Let us ignore
the constraint of formula (15); find the first-order condition
of 𝑒(⋅), 𝑞(⋅) from the integral term of formula (14) and we can
obtain
𝑞 − 𝜓 (𝑒 (𝛽)) −

𝐹 (𝛽) 
𝜓 (𝑒 (𝛽)) = 0,
𝑓 (𝛽)

𝑝 (𝑞) − (𝛽 − 𝑒 (𝛽)) + 𝑝̇ (𝑞) 𝑞 = 0.

𝑎 𝑏
− (𝛽 − 𝑒 (𝛽)) .
2 2

𝑡∗ (𝑐) = 𝑈∗ (𝛽∗ (𝑐)) + 𝜓 (𝑒∗ (𝛽∗ (𝑐)))
𝑎 𝑏
+ (1 − 𝑠) 𝑐 ⋅ ( − (𝛽∗ (𝑐) − 𝑒 (𝛽∗ (𝑐)))) .
2 2

(25)

When 𝑠 = 1, the optimal contract which can be performed is
̂ 𝑐) = 𝑈∗ (𝛽̂∗ (𝑐) + 𝜓 (𝑒∗ (𝛽̂∗ (𝑐)))) .
𝑇 (𝛽,

(26)

(16)

4. Propositions Related to the Supply Chain

(17)

Proposition 8. The best incentive program can be performed
through the contract which is defined by formula (27).

(18)

When 𝑠 = 1, 𝑡(⋅) is a convex function, so you can use it to
replace its tangent cluster. These tangents mean the contract
menu of linear function of cost

Through formulas (2) and (17), we can get
𝑞=

According to Assumption 2, we know that the average cost
𝑐 = 𝐶/𝑞 is a strictly increasing function, so the inverse
function exists as 𝛽 = 𝛽∗ (𝑐). Put this function into formula
(24) we can get that the optimal transfer payment is the
function of observed average cost:

̂ 𝑐) = 𝑡∗ (𝛽)
̂ − 𝜓 (𝑒∗ (𝛽))
̂ ⋅ (𝑐 − 𝑐∗ (𝛽))
̂ .
𝑡∗ (𝛽,

(27)

Then
𝑏
𝑏

𝑞 ̇ (𝛽) = − ((𝛽 − 𝑒 (𝛽)))𝛽 = − 𝑐 ̇ (𝛽) ≤ 0.
2
2

(19)

Find the derivate of 𝛽 from formula (16), we can get
𝑑 𝐹 (𝛽)
] ⋅ 𝜓 (𝑒 (𝛽))
𝑞 ̇ (𝛽) − 𝜓 (𝑒 (𝛽)) ⋅ 𝑒 ̇ (𝛽) −
[
𝑑𝛽 𝑓 (𝛽)

̂ − 𝜓 (𝑒∗ (𝛽))
̂
max {𝑡∗ (𝛽)
̂
{𝛽,𝑒}



𝐹 (𝛽) 
−
⋅ 𝜓 (𝑒 (𝛽)) ⋅ 𝑒 ̇ (𝛽) = 0.
𝑓 (𝛽)

(20)

0.5𝑏 ⋅ 𝑐𝛽̇ + 𝜓 (𝑒 (𝛽)) ⋅ {𝑑 [𝐹 (𝛽) /𝑓 (𝛽)] /𝑑𝛽}
𝜓 (𝑒 (𝛽)) + 𝜓 (𝑒 (𝛽)) ⋅ [𝐹 (𝛽) /𝑓 (𝛽)]

.

(21)
From Assumption 2 and formula (19), we can know that
the denominator of formula (21) is positive. Then through
Assumption 2, the monotone risk rate is positive, and we
know that the molecule of formula (21) is positive. So,
̇ ≤ 0∘ .
𝑒(𝛽)
It satisfies the condition of formula (20).

(28)
̂ − 𝜓 (𝑒)} .
⋅ (𝛽 − 𝑒 − 𝛽̂ + 𝑒∗ (𝛽))

We can get the first-order condition of 𝛽̂ and 𝑒 from formula
̂ 𝛽̂ = 𝛽.
(28) and we can find that 𝑒 = 𝑒∗ (𝛽),

So
𝑒 ̇ (𝛽) = −

Formula (27) will induce the manufacturer to tell the truth
(𝛽̂ = 𝛽) and can induce the appropriate effort level. When the
manufacturer faces the menu of linear contracts, the optimal
planning of the seller is

(22)

Proposition 9. The rent of the manufacturer is due to the value
of the private information.
If the seller knows the type of 𝛽 from the manufacturer,
according to Assumption 6, as long as the contract can guarantee the lowest expected utility level of the manufacturer,
the manufacturer will cooperate, so the transfer rent of the
seller to the manufacturer can be 𝑈(𝛽) = 0. At this point,
the rent of the manufacturer is 0. However, in the scene
of asymmetric information, the seller does not know the 𝛽
of the manufacturer, but he knows that 𝛽 is a continuous
parameter which belongs to [𝛽, 𝛽]. In order to ensure that
the manufacturer will cooperate, the seller needs to take the
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type of 𝛽 into consideration and the transfer rent is 𝑈(𝛽) =
0. Therefore, from (8) formula, we can know that the rent
𝛽
̃ 𝛽.
̃
which the manufacturer will receive is 𝑈(𝛽) = ∫ 𝜓 (𝑒(𝛽))𝑑
𝛽

From the above analysis, we can know that the reason why
the manufacturer can receive the rent 𝑈(𝛽) is that he has
private information. So, on the other side, 𝑈(𝛽) is the value
of information 𝛽.
Proposition 10. If the resource endowment of the manufacturer is better (the technical level is higher), the effort will be
increasing.
Form formula (22), we know that the effort of the
manufacturer is increasing as 𝛽 decreases.
Proposition 11. If the resource endowment of the manufacturer is better, the production will be increasing.

Table 1: Comparison with profit when a different 𝛽̂ is announced by
the manufacturer.
𝛽
2.8
2.8
2.8

When 𝑠 = 1, by finding the derivative of formula (25), we
can get
d𝑡
= −𝜓̇ (𝛽∗ (𝑐) − 𝑐) ⋅ 𝑐 ̇ (𝛽) < 0.
d𝛽

(29)

̂
𝑒∗ (𝛽)
1.4
1
1.8

𝑈∗
3.744
2.112
1.344

Demand function is
𝑞 = 84 − 24𝑝.

(32)

𝜓 (𝑒) = 2𝑒3 .

(33)

Effort’s cost function is

Continuous density function is

Form formula (19), we know that the production of the
manufacturer is increasing as 𝛽 decreases.
Proposition 12. The better the resource endowment of the
manufacturer is, the greater the incentive intensity of the seller
will be.

𝛽̂
2.8
3
2.6

𝑒
1.4
1.4
1.4

{1
𝑓 (𝛽) = { 2
{0

2≤𝛽≤4
other

.

(34)

Let 𝑠 = 1, 𝛽 = 2.8. If we execute the linear contract expressed
by formula (27) we can get agricultural cooperatives’ profit in
different circumstances as follows.
In Table 1, it is easily concluded that agricultural cooperatives can get optimal profit when agricultural cooperatives
announce the true technology level and work as optimal effort
lever.

So, if 𝛽 is lower, the transfer payment will be more.

6. Conclusion

Proposition 13. The better the resource endowment of the
manufacturer is, the greater the revenue from supply chain will
be.

This paper discusses the incentive system design between the
seller and manufacturer with two types of information constraints. According to Proposition 8 of this paper, the paper
provides linear contract. At the same time, by Proposition 9
we find that in the supply chain one of the major reasons why
the principal enterprise provides rents, which is higher than
the reservation utility of agent enterprise, to agent enterprise
is that agent enterprises have some private information. We
can also call this kind of rent as value of information.
Known from Proposition 12, when the agent’s resource
endowment is higher, the strength of motivation to the
principal is greater. At the same time, the rent which the agent
can obtain is more. In addition, known from Proposition 13,
when the resource endowment of enterprises in the supply
chain is higher, the benefit of the whole chain will be greater.
Therefore, the resource situation of enterprises in this supply
chain not only affects the distribution of all members, but also
affects the benefits of the supply chain.
Further study is the investment incentive which cannot
be contracted between core firms and nondominated firms
in the supply chain.

Putting formulas (2) and (18) into the function 𝜋 = 𝑝(𝑞)⋅𝑞
of the revenue chain and finding the derivative of 𝛽 in 𝜋, we
can get
𝜋̇ (𝛽) = −

𝑏2
(𝛽 − 𝑒 (𝛽)) ⋅ 𝑐 ̇ (𝛽) < 0.
4

(30)

Proposition 14. When the tax rate increases, the production
of the manufacturer will reduce.
Finding the derivative of 𝜆 in the formula (18), we can get
𝑏
𝑞 ̇ (𝜆) = − (𝛽 − 𝑒 (𝛽)) < 0.
2

(31)

5. Numerical Example
In the agrifood supply chain, agricultural cooperatives provide green agricultural products to supermarket. The cost
of green agricultural products from agricultural cooperatives
can be decreased by agricultural cooperatives effort; however,
this effort is somewhat exhausting. Let us give some specific
expression.
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