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Manufacturer-retailer contracting with asymmetric information

on retailer’s degree of loss aversion

Abstract

In a recent paper [Wang C., Webster S., 2007. Channel coordination for a supply
chain with a risk-neutral manufacturer and a loss-averse retailer. Decision Sciences
38 (3), 361-389.], the authors study a supply chain consisting of a risk neutral
manufacturer and a loss averse retailer and show that the supply chain can be
coordinated by three contracts: buy back (BB), gain/loss sharing (GL) and gain/loss
sharing and buy back (GLB). They assume that the retailer’s degree of loss aversion
is common knowledge. However, this assumption does not reflect real situations,
since in the real industry one party’s degree of loss aversion is always unknown by
other parties. To reflect more realistic situations, we propose a principal-agent model,
assuming the retailer’s degree of loss aversion to be asymmetric information. Within
the principal-agent framework, we obtain the following results: (1) The optimal
contract menu is derived for the manufacturer (the principal) by mechanism design
theory; (2) Under the optimal contract menu, information asymmetry lowers the
production quantity, decreases the manufacturer’s profit and deteriorates supply chain
performance, while increasing the retailer’s utility; (3) While the contracts proposed
by Wang and Webster cannot coordinate the supply chain with asymmetric
information in an implementable way, the optimal contract menu proposed in the
present paper can, if the wholesale price is endogenously determined by the

manufacturer and its lower bound is 0.

Keywords: loss aversion; information asymmetry; principal-agent model; revelation

principle



1. Introduction

Traditional literature mainly focuses on supply chains with risk neutral members,
who maximize expected profits or minimize expected costs. However, many
evidences point out that most decision makers do not practice as the models with the
risk neutrality assumption predict (e.g., Kahn, 1992; Fisher & Raman, 1996, and
Patsuris, 2001). In view of this, some researchers have advocated studying supply
chains without the assumption of risk neutrality to represent more realistic situations
(e.g. Anupindi, 1999; Tsay et al., 1999, and Wu et al., 1999).

A few studies have deviated from the risk neutrality assumption and incorporated
other objective functions rather than profit maximization. One stream of these studies
is the models incorporating loss aversion, which is a critical feature of the prospect
theory (Kahneman & Tversky, 1979). Loss aversion means that people are more
averse to losses than they are attracted to same-sized gains. It is well supported in
finance, economics, marketing, and organizational behavior (Rabin, 1998; Camerer,
2001). In a recent paper, Wang & Webster (2007) propose a model to analyze a
supply chain consisting of a risk neutral supplier and a loss averse retailer. They show
that such a supply chain can be coordinated by three different kinds of contracts: buy
back, gain/loss sharing (GL), gain/loss sharing and buy back (GLB) contracts. In that
paper, it is assumed that the retailer’s degree of loss aversion is common knowledge.
However, this assumption does not reflect real situations since in the real industry one
party’s degree of loss aversion is always unknown by other parties. In order to reflect
more realistic situations of a manually operated supply chain, it is worthy to study the
case that the degree of loss aversion is asymmetric information to supply chain
members, i.e., the retailer’s degree of loss aversion is private information, unknown
by the manufacturer.

In the present paper, we propose a principal-agent model to study a similar
supply chain, which is consisting of a risk neutral manufacturer (the principal) and a
loss averse retailer (the agent), but the retailer’s degree of loss aversion is asymmetric
information among the supply chain members. The existence of information
asymmetry on the degree of loss aversion gives rise to several interesting questions:
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(1) Do the contracts coordinating the supply chain without asymmetric information
continue to coordinate the supply chain with the asymmetric information in an
implementable way? (2) How does information asymmetry affect the production
quantity of the supply chain, total supply chain profit, manufacturer’s profit and the
retailer’s utility?

Generally, in a principal-agent model, an optimal contract menu should be found
standing at the point of the principal. For the agent, there is a participation constraint:
the agent should get a profit or utility that is greater than its reservation one. Along
this principle, we identify an optimal truth-telling contract menu (truth-telling means
the contract menu can induce the retailer to report the truthful degree of loss aversion)
by assembling some modified GL contracts. Furthermore, we find that under the
optimal contract menu, the supply chain production quantity is larger, total supply
chain profit is higher, the manufacturer’s profit is lower and the retailer’s utility is
higher with asymmetric information than without it. We also show that the
coordinating contracts provided in Wang & Webster (2007) cannot coordinate the
supply chain with the asymmetric information in an implementable way. However,
under the optimal contract menu, the supply chain can be coordinated if the wholesale
price is endogenously determined by the manufacturer and its lower bound is 0.

Next we review the literature related to the present paper. First, the present paper
is related to the supply chain models which deviate from the assumption of risk
neutrality. There are mainly two streams of this literature: models incorporating risk
aversion and models incorporating loss aversion.

The literature considering risk averse decision makers is rich (e.g., Lau, 1980;
Eeckhoudt et al., 1995; Agrawal & Seshadri, 2000; Gan et al. 2004, 2005; Choi, 2007,
Choi et al., 2008a, 2008b; Wei & Choi, 2010; Chiu et al. 2011; Choi & Chiu, 2012).
Lau (1980), Eeckhoudt et al. (1995), Choi et al. (2008a) and Choi & Chiu (2012)
investigate the optimal decisions of risk averse newsvendors under various risk
measures (e.g., mean-variance, mean-downside-risk, etc.). Gan et al. (2004) provide
the definition of coordination of supply chains consisting of risk averse members.
Choi et al. (2008b), Wei & Choi (2010) and Chiu et al. (2011) consider the issues of
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supply chain coordination based on well-known contracts such as the buy back
contract, the wholesale pricing and profit sharing contract and the target sales rebate
contract. Agrawal & Seshadri (2000) and Gan et al. (2005) propose new contracts to
improve supply chain performance and achieve supply chain coordination. Choi
(2007) investigate fashion retailers’ pre-stocking and pricing decisions with risk
considerations. Unlike these papers which assume supply chain members are risk
averse, our paper employs a loss aversion framework.

The studies on loss aversion are relatively limited. Sorger (1988), Greenleaf
(1995), Kopalle et al. (1996), Fibich et al. (2003) and Popescu & Wu (2007) discuss
the optimal pricing strategies of firms when considering customers’ reference and loss
aversion effects on historical prices. Schweitzer & Cachon (2000) and Wang &
Webster (2009) discuss the optimal decisions for loss averse newsvendors. The above
papers only analyze the decision making of a single enterprise rather than a supply
chain. Ho & Zhang (2008) conduct a laboratory study to investigate how the use of
the fixed fee in pricing contracts affects market outcomes of a manufacturer-retailer
channel. To account for the experimental results, they propose a model in which loss
aversion is embedded in to a quantal response framework. Wang (2010) propose a
model where multiple newsvendors with loss aversion compete for inventory from a
risk neutral supplier and identify two kinds of effects: demand stealing effect and loss
aversion effect. It is shown that while the demand stealing effect increases total order
quantity, the loss aversion effect decreases total order quantity. All the literature
above assumes complete information, including the supply chain (channel) members’
degrees of loss aversion. In contrast, the present paper assumes that the retailer’s
degree of loss aversion is asymmetric information.

Second, the present paper is also related to the principal-agent models which
consider asymmetric information. Although the publications in this area are rich, they
mainly focus on two kinds of asymmetric information: production cost information
and market demand information. Examples for the first kind of asymmetric
information include Corbett & de Groote (2000), Ha (2001) etc., and examples for the
second kind include Cachon & Lariviere (2001), Ozer & Wei (2008) etc. More
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recently, new types of asymmetric information have emerged into literature, for
example, quality (e.g., Kaya & Ozer, 2003), and risk sensitivity (Wei & Choi, 2010
and Xiao & Yang, 2010). Different from their papers, our work considers asymmetric
information on supply chain member’s degree of loss aversion.

Finally, the present paper is related to the literature on supply chain contracts and
supply chain coordination. For this literature, see the comprehensive review by
Cachon (2003).

The rest of the paper proceeds as follows. In Section 2, we describe our
principal-agent model. In Section 3, assuming the wholesale price exogenously
determined, we provide the optimal contract menu for the manufacturer and analyze
the effects of information asymmetry. Section 4 discusses the cases of endogenous
wholesale price and Section 5 investigates the issues of supply chain coordination.
Finally, in Section 6, we come to the concluding remarks and future research

directions.

2. Principal-agent model

Consider a supply chain consisting of one manufacturer (she) and one retailer (he).
There is one selling season with stochastic demand for a single product and a single
opportunity for the retailer to order inventory from the manufacturer before the selling
season begins. The product is produced by the manufacturer at a unit cost of ¢ and
sold by the retailer to the customer at an exogenous retail price p. Leftover products at
the end of the selling season are salvaged with a value of s per unit (s<c<p). Without
loss of generality, s is normalized to 0. The manufacturer sells products to the retailer
at a wholesale price w. The market demand D possesses a cumulative distribution
function (CDF) F(x) and a probability density function (PDF) f(x). The CDF F(x) is

defined over an interval | —[0,+) (we normalize the lower bound of I to O without

loss of generality). As in most contract literature based on the newsvendor framework
(e.g. Tsay, 1999; Cachon, 2003), we assume F(x) is differentiable and strictly

increasing on I. All parameters above are assumed to be common knowledge.



According to Wang & Webster (2007), we further assume that the manufacturer,
which is the principal, is risk neutral, and the retailer (the agent) is loss averse, since
the manufacturer can diversify her assets across multiple firms, while the retailer’s
income is tied to the manufacturer. Specifically, we assume that the retailer has a

kinked piece wise linear utility function as

X=Xy, I X>X,,
U(x)= .
A(X=X,), If X< X,

where X, is the reference point of the profit and 4 (A4>1) is a coefficient that

measures the degree of loss aversion (larger A represents higher degree of loss
aversion) . Although this piecewise linear form of loss aversion utility does not count
on diminishing sensitivity property in prospect theory, it is used widely due to its
simplicity in existing literature (e.g., Kahneman & Tversky, 1979; Schweitzer &
Cachon, 2000; Wang & Webster, 2007). The reference point X, is assumed to be
common knowledge and normalized to O without loss of generality. The degree of
loss aversion A is assumed to be private information of the retailer. Therefore, the
manufacturer doesn’t know the exact value of A, but she has a prior belief on it.

Specifically, we assume the manufacturer’s belief on the retailer’s degree of loss
aversion is distributed on [4, 1] =[L+) witha CDF H(1) andaPDF h(1).

Next we provide the definition of supply chain coordination. To do this, we
analyze the vertical integrated supply chain, in which the manufacturer (the principal)
act as a central planner and make decisions for the whole supply chain. If g units are

produced before the selling season, the profit of the whole supply chain is

(p—o0)q, if g< D,

IT..(q) =
(@) {pD—cq, if g>D,

and the corresponding expected profit is
7e (@) = EolTe (0) = [ [px—calf (gdx+ [ (p—c)af (),
where E () is the expectation operator with respect to D. The problem for the

central planner is choosing a production quantity to maximize z.(q). Clearly, itis a



standard newsvendor problem and the optimal production quantity is

* _ —C
. =F 1(%}

As in Wang & Webster (2007), the supply chain coordination is defined as follows: if

the production (order) quantity equals to qc, in which case total supply chain profit

achieves its maximum, we say the supply chain is coordinated.

3. Optimal contract menu and analysis

In Wang & Webster (2007), the authors propose a gain/loss (GL) sharing contract

(w, 7, B), which specifies that, in addition to paying the manufacturer the wholesale
price w, the retailer shares a fraction S <[0,1) of his gain with the manufacturer or is

reimbursed a fraction y [0,1) of its loss by the manufacturer.

Next we use some modified GL contracts to propose the contract menu (we call it

MGL contract menu for short in the rest of this paper) which will be discussed in the

present paper. An MGL contract menu consists of some MGL contracts (w, 3,q).
Each MGL contract (w,/,q) designates a wholesale price w, a gain sharing
percentage £ (S <1) and an order quantity g. That is, in comparison to GL, an

MGL fixes y atO, allows £ <0 and adds on an order quantity.

Under the MGL contract menu, the events proceed as follows. (1) Before the

selling season, the manufacturer offers a menu consisting of some MGL contracts
(w, 8,0). (2) At the beginning of the selling season, the retailer decides to participate

in the game or not. If he decides to leave the game, he gets his reservation utility Uy

(we normalize Ug to 0 without loss of generality). If the retailer decides to participate
in the game, he chooses one MGL contract (w, ﬂ,q) from this menu and orders q

units from the manufacturer at the wholesale price w according to the chosen contract.

(3) During the selling season, the retailer sells the products to the customer. (4) At the



end of the selling season, the retailer shares a percentage S of his gain to the
manufacturer. Here we don’t restrict S>0. If B<0, the manufacturer reimburse

— B xG to the retailer, where G stands for the retailer’s gain.

Throughout this section, we assume the wholesale price is exogenously
determined by the market. In Section 4, we will extend the results in this section to

the case that the wholesale price is endogenously determined by the manufacturer.

3.1 Optimal MGL contract menu

The manufacturer’s challenge is to maximize her expected profit by designing a
contract menu {W(Z), L), q(1) | A e [41]} while ensuring the retailer’s
participation. The parameter A denotes that the specific contract (W(/i),ﬁ(/i),q(i))
is intended for the retailer whose degree of loss aversionis 4. Let

Lw,a)= [ (px—wa) f (x)d,
G(w,a) = [, (px—wa)f ()dx+(p-w)g(L- F(a)),
where B(w,q) =wqg/p. It is easy to know that, if an MGL contract (w()t'),,B(/l'),q(/I'))

is chosen, the expected utility of the retailer with degree of loss aversion A

(hereafter we call it “the retailer with type 17)is
Ug (2 12) = ALW(A), () )+ (L= B JB(W(A), a(4)).
Hence ug(4)=ugz(4|A) denotes the utility of the retailer with type A when he
chooses the truth-telling contract, i.e., the contract (W(A), ,B(/l),q(ﬁ)). Furthermore,
let
7 (A) = (WD) —c)a(d) + BAG(w(2), a(4))

be the expected profit of the manufacturer when the retailer chooses
(w()t),,b’(/l),q(ﬂ)). By revelation principle (Fudenberg & Tirole, 1991), the

manufacturer can limit the search for the optimal contract menu to the class of

truth-telling contracts. Therefore, the optimal truth-telling contract menu can be



identified by solving the following problem, denoted by (Al):

omax Emy (2) = [Twen) - chaa) + BHGWA). A ()

st. (IC) ug(X]A)<us(d), foranyie[i,Aland A €[4, 4],  (10)

(PC) uL(2)=0,forany Ae[i,A]. (11)

The first set of constraints is the incentive compatibility constraints (IC). These

constraints ensure that the retailer maximizes his expected utility by telling the

truthful information on his degree of loss aversion. The second set of constraints is

the participation constraints (PC). These constraints ensure the retailer to at least get
his reservation utility O regardless of 1.

A solution to Problem (Al) is feasible if it satisfies constraints (10) and (11).

Recall that we assume the wholesale price w is exogenously determined by the
market. Thus, here we fix w(1)=w, Ae[4,4] and only solve (ﬂ(ﬂ),q(ﬂ)) for

Problem (Al) in the rest of this section. We now provide a lemma that will be useful

for deriving the optimal contract menu.

Lemma 1. A solution (8(4),q(1)) is feasible for Problem (Al) if and only if

(@) ug(d)= —IjL(W, q(x))dx +a, where a>0 isa constant;
(b) q(A) isdecreasing with respectto 4.

From Part (a) of Lemma 1 and the definition of u; (1), we have
_ Ug(2) - AL(w,q(2))
G(w,q(2))

a—Ij L(w, q(x))dx — AL(w, q(2))
G(w,q(2))

With Eqgn. (12), we can rewrite our objective function in (9) as follows:

BA)=1
(12)
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E,m (1) = [/ 1w -0)a(a) + Glw,a(2)) + AL(w, (%))

[ L 0ok [dk (2) -
i (13)
- L [(w=c)q(A) + G(w,q(1))

H(4)
+ (W + AJL(W, q(l))}dH (1) -a.

Apparently, to maximize E,z,, (1) in (13), the constant a must be 0. The following

theorem prescribes the optimal MGL contract menu and characterizes its properties.

Theorem 1. Assume H(A)/h(1)+ A isan increasing function of 4.
(@) The optimal MGL contract menu to solve problem (Al) is

{(ﬂf\, (A), 0y (/1))| Ae [41,71]}, where g, (4) is the unique solution of the equation

(p-0)-pF(@) _HA) , | (14)
WF(WqJ @)
p

and

I/ Lo 03 G0 AL a3, (1)

L) =1 - . 15
Ba(A) =1+ G(Wqul (/1)) (15)

(b) q, (1) isadecreasing function of 1.

(c) Under the optimal MGL contract menu, the expected utility of the retailer with

type A is

Up () = AL(W, 0y (A))+ (- B () )B(w, ) (2))

v ) (16)
= _J‘/'L L(W1 qAI (X)}jX,

and Uy, (1) is decreasing with respectto A ;

(d) When the retailer’s type iSA, the manufacturer’s profit under the optimal MGL

contract menu is
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7oy (A) = (W=C)fly (A) + By (DG (W, (2))
= (w—c)ay (A)+G(w,q (1) (17)

H(A4) .
+( h(2) +/IJL(W,qA, (ﬂ,)),

and 7:,’:,,‘,\, (4) is decreasing with respectto A.

Note that the assumption H(A)/h(1)+A is an increasing function is a

sufficient condition but not necessary. This assumption is a regular one that often

appears in asymmetric information context. The assumption is clearly true if

H(A)/h(A) is increasing, or equivalently, H(A1) is log-concave. Many CDFs are

log-concave, including uniform distribution, beta distribution and truncated normal
distribution over a finite interval (see Rosling, 2002)

Part (a) of Theorem 1 prescribes the optimal contract menu for the manufacturer.
Part (b) states that under this optimal contract menu, the retailer will order less if he is
more loss averse. This is rather intuitive and consistent with the case of complete
information in Wang & Webster (2007). Furthermore, the monotonicity of q(A4)
enables the manufacturer to infer the retailer’s degree of loss aversion from the
contract that the retailer chooses. Parts (¢) and (d) indicate that under the optimal
MGL contract menu, the retailer gets a lower utility and the manufacturer gets a

lower profit if the retailer is more loss averse.

3.2 llustrative example for uniform distributions
In order to make the ideas more clear and demonstrate how the optimal MGL

contract menu is used in practice, we provide an illustrative example in this
subsection. We assume H(1) be the CDF of a uniform distribution over [1, B] and
F(x) be the CDF of a uniform distribution over [0, A] (without loss of generality, here
we normalize the lower bound of the loss aversion degree to 1, and the lower bound
of the demand to 0). For this kind of special distributions, we will first give some

analytical solutions according to Theorem 1, and then provide the numerical example.

From Theorem 1, we can note that qy (1), B (2), Uza(A) and 7y, 4 (2)
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depend on w, thus in this example, while solving for the analytical solutions, we
rewrite them as g, (W,4), By (W, 2), Ugy(W,A) and 7, o (W, 1), respectively.
In specific, according to Eqn. (14),

- ___Ap(p-0)
Bua (W 2) = p? +2(A-D)w?’

(18)

thus we have

W, (W, 2)

L(w, 0, (W, 1)) = 2Ap

G(w, q;, (w,A)=(p —W)q;I (w, 2)(1— q;| (W';:A)\( p+ W)) .
p

According to Eqgns. (15), (16) and (17),

~ A*p(p—c)’w’(B-4)
2(B-1)(2w’ A+ p® —2w?)(2W’B + p* —2w?)
G(w, gy, (W, 4))

+AL(W, 0, (W, 4))

B (W, 2) =1+

(19)

A’p(p-c)’w’(B-4)

us . (W, 1) = ,
e (W0 4) 2(B-1)(2W? 1 + p? —2w?)(2w?B + p? —2w?)

o (W, 2) = (W=C) 0y (W, 2) +G(W, 0 (W, 2)) + (24 ~1)L(W, G, (W, 2)) .

The corresponding expected profit for the whole supply chain can be expressed

as

*(w, 4)

7o (@ (W, 2)) = (p =)Ly (W, 2) — qu'Z . (20)

In particular, the numerical results for p=10, c=4, w=6, A=200 and B=3 are
listed in Table 1, in which the first column lists the retailer’s degree of loss aversion,
the second column lists the optimal MGL contract menu, and the last three columns
list the performances of the whole supply chain and its members. In practice, the
manufacturer provides a contract menu like the second column. Note that only parts
of the contract menu are listed in Table 1 for the sack of saving space. More MGL

contracts can be added on according to Eqns. (18) and (19) if necessary. That is to say,
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although theoretically a complete contract menu should include MGL contracts for all
possible values of A, but in practice, it usually suffices to list MGL contracts for

certain values of A4 by discretizing A with small enough gaps.

Retailer's degree  Optimal MGL contract  Manufacturer's Retailer's Total supply
of loss aversion menu profit utility chain profit
A BaD G D) mua® wa @ zlan (k)
1 (0.0552,120) 253.7705 106.2295 360
1.2857 (0.2065,99.5261) 248.5307 75.5186 349.5205
15714 (0.3049,85.0202) 238.4757 53.7599 329.4104
1.8571 (0.3792,74.2050) 227.5557 37.5369 307.5703
2.1429 (0.4404,65.8307) 217.0916 24.9756 286.6422
2.4286 (0.4937,59.1549) 207.494 14.9619 267.4469
2.7143 (0.5420,53.7084) 198.8384 6.7922 250.1357
3 (0.5867,49.1803) 191.0777 0 234.6143

Table 1. Optimal MGL contract menu and performances of the whole supply chain

and its members

0.7 T
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051
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By@

031

021

01

50 60 70 80 90 100 110 120
q

Fig. 1. Gain sharing percentage v.s. order quantity

Clearly, the optimal MGL contract menu is specified by Eqgns. (18) and (19), and

these equations determine a nonlinear relationship between the profit sharing
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percentage S and the retailer’s order quantity g, with A being the parameter.

Denoting the relationship as a function /3, (q), we can visualize it as in Fig. 1 (with
the same parameters as in Table 1). Therefore, as an alternative way to implement the
optimal MGL contract menu, the manufacturer can just announce S, (q) other than
listing many MGL contracts as in the second column of Table 1. From Fig. 1, we can
see that the gain sharing percentage /3, (q) decreases as the retailer’s order quantity
increases. This is consistent with our intuition, since the manufacturer tends to

encourage the retailer to order more products by a lower gain sharing percentage.

3.3 Influence of information asymmetry
In this subsection, we investigate the influence of information asymmetry over
the equilibrium results. To this end, we first characterize the optimal MGL contract

under the case of symmetric information, i.e., the manufacturer knows the exact value
of A.Foragiven A 6[4,71], the manufacturer faces the following problem, which is

denoted as (SI):

e (2) = (W(2) —c)a(A) + S(A)G(W(A), q(1)) 1)
st ux(4) = /IL(W(/l), Q(ﬂ))Jr (1— ﬂ(ﬂ))G(W(/’L), q(ﬂ)) >0. (22)

Again, we only consider the case that the wholesale price is exogenously determined

by the market, so we let w(1) =w.

Without violating Constraint (22), we letu, (1) =a>0. By simple calculation,

we have

_Up()-AL(w.q(R)) _, a-AL(w.q(h)
G(w,q(2)) G(w,q(2))

Thus, one can rewrite the objective in (21) as

B(A) =1

71w (A) = (W—c)q(2) + G(w, (1)) + AL(w, (1)) -a. (23)
To maximize the objective in (23), obviously one should let a=0. The following

lemma characterizes the optimal MGL contract and its properties with symmetric
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information.
Lemma 2. Given A e[&,ﬁ] and assume the manufacturer knows the exact value of
A.

(@) The optimal MGL contract to solve problem (SI) is (ﬂ; (1), 05, (/1)), where

0s, (4) is the unique solution of the equation

(P=Q)-PF(@ _, 4 (24)
wk (ij
p
and
() -1 2GR (D), (25)

G(w,a5,(2))
(b) gg, (1) isadecreasing function of 4.

(c) Under the optimal MGL contract, the expected utility of the retailer is always 0

regardless of his type 1, i.e.,

Up s (2) = AL (W, 65, (1) + (L A5 (D)6 w, 65, ()= 0, (26)
forany Ae[A,A4].
(d) The manufacturer’s profit under the optimal MGL contract (8, (4),q5, (1)) is

7 61 (A) = (W=C)s, (A) + B2 (A)G(w, o5, (4))

: ) . 27)
— (w—c)ag, (4) +G(w, a5, (2))+ AL(w, g5, (4) )

and 7:,’:,,'5, (4) is decreasing with respectto 4.
Comparing Theorem 1 and Lemma 2, we can come to the following results:

Theorem 2. For any A e[/_l,Z], let z(1)=H(A)/h(1)+A.Then
@ Bu()=p201)
(B) au () =05 (2(2) <95 () < ;

(©) Un (D)~ () = Llw, g, (020
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(@) 7w (D) =705 (2(D) < 73 51 (2).

From Theorem 2, we have several observations. First, from the equations
Bu D) =F4@A), ay(W)=0dy(z(2), and 7z, (A) =7y (2(2)), we can see
that information asymmetry causes an effect equivalent to that of loss aversion. In
particular, z(1)—A=H(A)/h(1)>0 reflects the fictitious degree of loss aversion
caused by information asymmetry.

Second, the first inequality in Part (b) indicates that the existence of information
asymmetry lowers the producing quantity, thus lowers the total profit of the supply
chain. The second inequality suggests that even though no information asymmetry
exists, the production quantity is still less than the optimal production quantity for the
vertically integrated supply chain except for the case A=1 (by Eqn. (24)
dsi (D) =0ac).

Third, Parts (c) and (d) show that information asymmetry on the retailer’s degree

of loss aversion works to the detriment of the manufacturer, but to the advantage of

the retailer. Therefore, the retailer will obviously withhold his private information and
the difference ug , (1) —Ugs (A1) reflects the retailer’s accessional utility gained by
withholding this private information. As we can see, this accessional utility is higher

when the retailer is less loss averse. The quantity 7, s, (1) — 7y, A (4) stands for the

highest cost that the manufacturer is willing to pay to investigate the exact value of
A.

Next we quantify the influence of information asymmetry under an extreme case
(uniform demand distribution).
Proposition 1. If F(x) is the CDF of a uniform distribution over [0, A], then the

following properties hold.

@) 0%y ()7 w (D k(D) 2O,

©) 05U (-t (D <k (2.7)- A0,
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A S”l},m(l)gl
() mys(4)

(c) If

« /Iz[zg/l)—l] cmelan () 5
2(A)?(A-1) " 705 (4))

where  z(A4) = %+l ,

Jz(A)-1-va-1
Jz(A) -1+a-1
2(A) -
z(A)A

Vi-1-V2-1 . B

, 1f (A -1)(1-1)>1,
kz(ﬂ,,ﬁ_v)= \_/2_,—1+\//1—1 | )( )>

%, if (7 -1)(1-1)<1.

if (z(2)-1)(1-1)>1,
kl(}“) =
,if (z()-1)(1-1)<1,

To demonstrate Proposition 1 in a better way, we provide the following example,

which indicates that the information asymmetry may have substantial effects.
Example. Suppose that the demand is uniformly distributed over [0, A], H(A1) is the

CDF of wuniform distribution on [1, 3]. By Proposition 1, we have

0< 1y (2)~ 7y () OLTLAEL - 0<Ur , (2)—Ung, (2) SO.07LAGO 2 < mun® <

2p 37 mnsi(2)
8 « ”C%QZ|(2)%<1
97 melas(@) — 7

4. Endogenous wholesale price
In Section 3, we assume the wholesale price is determined exogenously by the
market. In this section, we generalize the results of Sections 3 to the case that the

wholesale price is endogenously determined by the manufacturer. In particular, we

assume the wholesale price can be chosen within a certain range [v_v,v_v] where

w>w>s=0 (see for example, Wang & Webster, 2007; Xiong et al., 2011).
We will show that later (in Theorem 3), with the MGL contract menu, the

manufacturer will always fix the wholesale price at the lower bound w under both
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cases of asymmetry information and symmetric information, although she is allowed
to choose it within the range [w, w]. Here we only discuss the optimal MGL contract

menu (with wholesale price decision) under the case of asymmetry information, since
the discussion for the case of symmetric information is similar.

Recall Problem (Al) defined by (9), (10) and (11). As similar as the case that

w(A) is fixed, the objective in (11) can also be rewritten as

E,m (4) = [ [0W(2) ~0)a(2) + Gw(2), a(4)

H () ) (28)
+[ hD) +AJL(W(/1),q(ﬂ,))}dH (1) -U,.
To maximize the objective in (28), one only needs to choose w and ¢ to maximize
H(4)
(w-c)q+G(w, q)+(m + A]L(W, q), (29)

foreach Ae [/_1,2]. Differentiating (29) with respect to w, one has

—qF(MJ(MJJ—l] <0,
p A NA)
which indicates for any g>0, w e [w, W], it holds that

_ H@)
(w c)q+G(w,q)+( h) +/IJL(W,q)

H(4)
h(4)

<(w-c)q +G(v_v,q)+( +sz(W,q).

Therefore, it follows that the optimal wholesale price should be w), (1) =w. Thus,
by similar arguments as in Section 3, when the wholesale price is determined by the

manufacturer within the range [w, W], Theorem 1 remains true by replacing w with

w . Similar results also hold for Lemma 2 and Theorem 2.

Theorem 3. If the wholesale price is determined by the manufacturer within the

range [w, W], then w, (1) =W (1)=w and Theorems 1, 2, and Lemma 2 remain

true by replacing w with w.
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According to Theorem 3 we come to the conclusion that the optimal contract
menu can still be given even if we only have the wholesale price range [w, W]
instead of the exact wholesale price w. For example, similarly as in the example in

Subsection 3.2, here we only need to substitute “w=6" there with “w=w ", then we get

the optimal contract menu.
Theorem 3 implies a counter-intuitive insight that the manufacturer tends to set
the wholesale price as low as possible in the optimal MGL contract menu. Intuitively,

the manufacturer prefers a higher wholesale price, which leads to a higher profit

margin. This is indeed true for a given profit sharing percentage S and order

quantity g. However, if the profit sharing percentage £ and the order quantity q are

adjusted to satisfy the optimality conditions (i.e., Eqns. (14) and (15)), things are
totally different. In fact, a lower wholesale price encourages the retailer to choose an
option with larger g, which leads to a higher profit shared from the retailer to the

manufacturer. As a result, the manufacturer gets a higher profit by providing a lower

wholesale price and meanwhile adjusting S and q to satisfy Eqns. (14) and (15).

5. Supply chain coordination

Cachon (2003) suggests three criteria to evaluate the effectiveness of supply
chain contracts: (1) Is the contract capable of coordinating the supply chain? (2) Is the
contract flexible enough to allow for arbitrary profit allocation among the supply
chain members? (3) Is the contract economical to implement? In this section, we will
compare the optimal MGL contract menu proposed in the present paper with the
contracts proposed by Wang & Webster (2007) (i.e., BB, GL and GLB, which
coordinate the supply chain considered in Wang & Webster, 2007) from the
perspectives of the above three criteria.

In Wang & Webster (2007), the authors prove that under some conditions, BB,
GL and GLB are capable of coordinating the supply chain with complete information

(Corollaries 1-3 in Wang & Webster, 2007). Can these contracts still coordinate the
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supply chain with asymmetric information on A in an implementable way? The
answer is “no”. The reason is as follows: the contract parameters that coordinate the
supply chain considered in Wang & Webster (2007) are related to the value of 1.
With asymmetric information on A, the manufacturer doesn’t know the exact value
of A when she makes the contract. Therefore, the contracts that coordinate the
supply chain in Wang & Webster (2007) cannot coordinate the supply chain in the
present paper in an implementable way.

Now we investigate whether the optimal MGL contract menu (with the wholesale
price endogenously determined by the manufacturer) can coordinate the supply chain

with asymmetric information on A. From Theorem 3 and Eqgns. (14) and (24), we

can note that both g, (1) and qg, (1) depend on w. Thus in this section we

rewritt q, (1) as q,(W,A), and g5 (1) as gy (w,A) . Then the following

property follows.

Theorem 4. For any Ae[4,4], lim A (W, 2) = lim g (W, 2) =qc, and the optimal

MGL contract menu coordinates the supply chain.

The intuition of Theorem 4 is as follows. The total supply chain profit suffers
from both the loss aversion effect (see Wang & Webster, 2007) and the information
asymmetry effect (see Theorem 2). First, when the wholesale price is zero, the retailer
will not suffer any loss even if the demand is very low. Therefore, without any
possibility of losses for the retailer, the loss aversion effect is eliminated. Second,
note that the information asymmetry is on the degree of loss aversion 2. Now that,
regardless of the value of A, the corresponding loss aversion effect can be totally
eliminated by setting the wholesale price at zero, then the information asymmetry

effect is cleared up at the same time.

In particular, when H (1) is the CDF of a uniform distribution over [1, B] and

F(x) is the CDF of a uniform distribution over [0, A], and the lower bound of the

wholesale price w=0, according to Egns. (18), (20), we have
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. (0,4) = w —q

7o (03 (0,2)) = % Q).

These results certainly accord with the conclusion in Theorem 4.
In fact, when the manufacturer sets the wholesale price at 0, the optimal MGL

contract menu which coordinates the supply chain reduces to an MGL contract

(w, ﬂ,q):(o, 5, q;) (hereafter we refer to it as the coordinating MGL contract),
where S depends on the retailer’s reservation utility Uo. For example, if Uy=0, then

the corresponding coordinating MGL contract is (0,1, q;). Contracts similar to the

coordinating MGL contract are adopted in the Vendor Managed Inventory (VMI)
programs, in which the vendors make inventory decisions on behalf of the retailers
and also bear the risks and costs associated with these decisions (Andel, 1996).

Since we have argued that the supply chain considered in our paper cannot be
coordinated by the contracts which coordinate the supply chain in Wang & Webster
(2007), for these contracts, it is meaningless to discuss the issue of profit allocation.

Hence, we only consider the flexibility of profit allocation for the coordinating MGL

contract. For any reservation utility U< 7. (q.) of the retailer, there always exists a

coordinating contract (O,,B*(UO),q;), under which the retailer gets his reservation

utility Up (note that the retailer’s utility equals to his profit in this case), and the
manufacturer extracts all the supply chain’s profit except the retailer’s reservation
profit (utility) Uo. Here
Uy =1- o
6l0.q)
Therefore, the coordinating MGL contract is flexible enough to allow for arbitrary
profit allocation among supply chain members.

We have compared the optimal MGL contract menu with the contracts proposed
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in Wang & Webster (2007) (i.e., BB, GL and GLB) from the perspective of Criteria (1)
and (2) suggested in the beginning of this section. Next, we compare them based on
Criterion (3). Under BB, the retailer needs to ship the unsold products to the
manufacturer, which incurs a shipment cost. Under GL, the manufacturer has to know
the retailer’s net profit by investigating his revenues and costs, which also incurs a
detecting cost. Implementing GLB is more costly since it incurs both a shipment cost
and a detecting cost. Implementing the coordinating MGL contract also requires the
manufacturer to detect the retailer’s net profit. Therefore, its implementing cost is the
same as GL.

Finally, we should emphasize that if the manufacturer makes mistakes in
acquiring demand information F(x) or price information p, or in estimating cost c, she
will put forward an MGL contract which cannot lead to supply chain coordination.
However, as long as the information on demand, price and cost is correct, the MGL
contract put forward by the manufacturer will coordinate the supply chain, even if she
doesn’t possess any prior belief over the retailer’s degree of loss aversion. To this

extent, the coordinating MGL contract is robust for supply chain coordination.

6. Conclusions and future directions

In a recent paper, Wang & Webster (2007) study a supply chain consisting of a
risk neutral manufacturer and a loss averse retailer, and propose three contracts to
coordinate the supply chain: buy back (BB), gain/loss sharing (GL) and gain/loss
sharing and buy back (GLB). They assume that the retailer’s degree of loss aversion
is complete information. However, this assumption does not reflect real situations,
since in the real industry one party’s degree of loss aversion is always unknown by
other parties. To reflect more realistic situations, we propose a principal-agent model
to study a similar supply chain, in which the retailer’s degree of loss aversion is
assumed to be asymmetric information. Within the principal-agent framework, we
obtain the following results:

(1) We prescribe the optimal contract menu for the manufacturer.

(2) Under the optimal contract menu, the information asymmetry lowers the
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production quantity, decreases the manufacturer’s profit and deteriorates supply chain
performance, while increasing the retailer’s utility. Furthermore, under a special case,
we quantify the effects of information asymmetry by estimating some bounds on
them.

(3) While the contracts proposed in Wang & Webster (2007) cannot coordinate
the supply chain with the asymmetric information in an implementable way, the
optimal contract menu proposed in the present paper can if the wholesale price is
endogenously determined by the manufacturer and its lower bound is 0. Issues on
flexibility of profit allocation, costs of implementing these contracts and robustness in
achieving supply chain coordination are also discussed.

The distribution of the random demand faced by the retailer is assumed to be
exogenously given in this research. It is also interesting to study similar problems
when the demand is influenced by the retailer’s pricing or advertising strategies. It is
more attractive for one to study a supply chain consisting of a risk neutral
manufacturer and multiple competitive loss averse retailers. Furthermore, it is a
challenging task for future research to discuss similar problems when information
asymmetry exists for more parameters (e.g., the reference point of the retailer, the

demand parameters, the cost parameters, etc.).
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Appendix

Proof of Lemma 1. Only if: By definitions of u,(2|4) and u,(X),we have
Ug(4) —Ug (1] 2) = (A = A)L(W,q(4)).

Thus, by Inequality (10), we have ug(A)—ug (1) < (X —A)L(w,q(1)). Similarly, we
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have ug(A)—ug (1) <(A-2)L(w,q(4)). Combining these two inequalities, we have
(4 = LW, A(4)) < Ug(A) ~Ug (A) < (4 = )L (W, q(4)). (A1)
Dividing (A.1) by 2-A4 and let 2 — A, we have ug, (1) =L(w,q(4)) <0, which

indicates ug(A) decreases in A. To meet Constraints (11), it must hold that

Ug (1) =a > 0. Therefore, by integration, we have Ug(4) = —IjL(W, q(x))dx +a.

For any A1 >4, from (A1), we have (1 -2A)L(w,q(1)<(A-2A)L(w,q(1)),
which implies L(w,q(4)) < L(w,q(1)) . Thus, q(1)>q(L) since L(w,q) is
decreasing in g.

If: Since uR(/l):—'ij(w,q(x))dx+a, then Inequality (11) holds obviously. In

addition, since L(w,q) is decreasing ingand q(A) is decreasingin A, we have

Ug (2] 4) =Ug(4) = (A = 2)L(W, () + Ug (A1) —Ug (2)

= (= Z)Lw,g() + [ Lw,q00)ax
< (A=2)L(w,q(4)) + (4 = A)L(w,q(4)) = 0.
Thus, Inequality (10) holds. o

Proof of Theorem 1. Part (a). By Lemma 1 and the analysis following Lemma 1, to

maximize the manufacturer’s expected profit (9), we only need to maximize (13).

Furthermore, we only need to choose g, (1) to maximize
I1(g, A) = (W—c)q +G(w,q)+(%+sz(w,q)

forany A 6[4,71]. Taking first-order and second-order derivatives of TI(q,A) with

respect to g, we have

oq h(/l)
OT@A) _ (D), 5 q|W W
oq° PHa- (h(ﬂ) 1J p f qu<0'
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which means that TI(a,A) is concave in g. Hence, q, (1) satisfies the equation

8ﬁ(q,/1)/aq =0, which is equivalent to Eqn. (14). Moreover, by Eqn. (12), we have

(15) is true.

Parts (b) and (c) is obvious from Lemma 1.

Part (d). By definition, we have =, , (ﬂ):ﬁ(q:\, (l),ﬂ). Suppose that A, < A4,.
Since it is easy to verify that TI(q,A) is decreasing with respect to A, then
(g, (4), 4 )2 T (), 4)2 TI(A5 (4,), 4,). ©

Proof of Lemma 2. The proof of this theorem is similar as Theorem 1. o

Proof of Thereom 2. Part (b). By definitions of ¢, (1) and qg, (1), we can easily

come to g, (1) =qz,(2(1)). By Part (b) of Theorem 2, we have qg,(z(1))< gz, (1).
Moreover, since the left hand side of (24) is decreasing with respect to g and

(P—0)—PF(Ac) _o_,_ 4

WF(W%]
p

Parts (a), (c) and (d). Part (a) can be obtained by comparing Egns. (15) and (25), and

then g, (4) <dc.

using Part (b) of this theorem. Part (c) can be obtained by Eqgns. (16) and (26). Part (d)
follows from Eqns. (17) and (27) and Part (d) of Theorem 1 and Part (d) of Theorem
2.0

Proof of Proposition 1. Part (a). With demand uniformly distributed on [0, A], we
have F(x) = x/A and f(x) = 1/A. Since

7[:/| Sl (A _”;A,Al (A

_Ap(p-¢)’ 1 ~ 1
- 2 A-DwW? +p?  (z(A)-Dw? + p?
_A(p-c)* (z(1) = A)(p/ w)*

2p (A—l+(p/W)ZXz(/l)—lJr(p/W)z)’

then we only need estimate the bounds of
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T = (z(4) - A)x
9(x) = (A-1+x)z2(2) -1+x)’

where X e[1,+0) . Differentiating g(x), we have

(2(2) - Dz(h) A -1 -]
(A-1+x)%(z(A) -1+ x)*

9 (x) =

Clearly, g(x) approaches to O as x goes to infinity. Therefore, §(x) >0. If
(z(A)-1)(A-1)<1 , then g (x)<O for any xe[l+oc) . Thus,

g(x) < (z(2) - A)/(A-1(z(A)-1). If (z2(1)-1)(A-1)>1, then the upper bound of

g(x) is §(x*):(\/z(/i)—1—\//1—1)/(\/2(/1)—1+\//1—1) where x" =./(z(1)-1)(1-1).
Then the result in Part (b) follows.

Part (b). By calculation,

U;,m (/1) - u;,SI (/1) =

p(p-0)°A 1 ~ 1
2 A-DW? +p®> (A-Dw?+p? |

With a similar arguments as in Part (b), we can prove this result.

Part (c). By calculation, we have

p(p—c)’A
2|(z(2) -Hw? + p?|

p(p-c)*A
2[(/1 ~Dw? + p2J

ﬁ:A,SI(l): ' ”:A,Al (4) =

Thus,

Tun(A)  A=1+(p/w)?
Taws (D) 2(A)=1+(p/w)*

Since 0<w< p, then 1< (p/w)® <+, which, together with the equation above,
implies the Part (a) of this proposition.
Part (d). By calculation, we have 7. (q;, (/1))= p (q; (z(i))) and

. (A-Dwp(p—c)’A
”(qSA(A))— [(i—l)w2+p2]2 .

By similar proof as in Part (c), we can come to the result. o

Proof of Theorem 4. Note that g, (1) <qs,(1)<q. (Part (a) of Theorem 3). We
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only need to prove lim 0, (W, 1) =g . Denote

K(w,q) = ( ;'((j)) ) —1}[%(% qﬂ _

For any £>0, we have (p-c)—(p-s)F(qc—¢)>0. This fact, joint with

lim K (w, Je — &) =0, implies that there always exists a & >0 such that (oT1/aq is

defined in (A.2))
o, . . .
a(\ﬂ,q -&,4)=(p-¢)- pF(qc —¢) - KW, q; —£) >0,
forany O<w< . In addition, we have
aﬁ * * *
E(v_v,qc,ﬂ)z(p—C)— PF(9c) —K(w,qc) <0.

Thus, by the definition of q, (w,4), we have qc—&<d, (W,A)<q. for any

W e (s,s+ ), which implies that lim Oy (W, A)=0q..0
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