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Abstract. A return policy is one of the major issues in supply chain manage-
ment, particularly for managing single-period products that are characterized
by short sales period and little salvage value. The value of the buyback price
is important to ensure a stable supply chain. The role of the risk attitude of
the retailer and supplier is also known as an essential factor to the decision
determining a return policy. In this paper, we present the result of our in-
vestigation into this problem. The aim of our work is to develop a model
to determine optimal return policies for single-period products based on un-
certain market demands and in the presence of risk preferences. The impact
of the wholesale price and selling price is also investigated to determine the
optimal order quantities and optimal buyback price for different types of risk
attitudes.
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1. Introduction

In recent years, there has been a growing trend toward the globalization
of markets, which drives increasingly individual companies to become involved
in a value-added process as part of a supply chain. Each company in a supply
chain must execute a particular set of actions to achieve optimal performance.
However, decisions that one company makes by considering its own revenue alone
almost always create conflicts with other companies in the supply chain. Hence,
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among both academics and practitioners (Refs. 1–9), there is upcoming interest
to develop new methodologies to achieve optimal performance in supply chain
management.

A significant proportion of the revenues and profits of general merchandise
retailers like department stores and specialty shops are derived from style goods,
such as fashion clothing and apparels, sport goods, etc., which are characterized
with highly uncertain demands and little salvage value at the end of their short
sale season usually a few weeks or months. Such goods are called single-period
products or commodities (Refs. 10, 11). Due to tough competition, retailers have
to confirm their entire seasonal-order quantities well before knowing the sale per-
formance in their shops. There is no question that retailers are seeking various
forms of monetary relief and guarantees of credit from their suppliers when the
actual demands of single-period products do not match the original expectations or
order quantities. In particular, the provision of a return policy and the commitment
of the suppliers to buy back unsold inventory from the retailers at agreed prices is
now a critical issue in the negotiation of purchase contracts between independent
retailers and suppliers in many categories of style goods (Ref. 12). In such nego-
tiations, the suppliers must properly treat their buyback price offer and wholesale
price that they charge retailers as a joint decision.

A return policy is a fundamental competition strategy in supply chain man-
agement. A number of researchers have developed models to study the effec-
tiveness of return polices in various settings. For instance, the authors of Refs.
13–16 discussed return policy pricing suing a multistage approach which assumes
that both manufacturers and retailers are risk neutral and are committed to return
policies in supply chain coordination. They found that the total chain profits un-
der a supplier’s return policy, which offers retailers partial credits for all unsold
stocks, are approximately the same as the profits of a vertically integrated firm.
Pasternack (Ref. 16) considered also the structure of the newsboy problem for a
seasonal product, but the effect of the risk attitudes of the suppliers and retail-
ers was not addressed. Kandel (Ref. 17) discussed the optimal relation between
buyback prices and wholesales prices under the condition of cost dependence and
derived the same result. Emmons and Gilbert (Ref. 18) pointed out that both the
buyback prices and wholesales prices set by the suppliers can affect the order
quantities of the retailers. They investigated the expected profits of suppliers and
retailers and found that, at any given wholesale price, a return policy will affect
the total combined profits of the two parties. Lau and Lau (Ref. 7) investigated the
relationship between pricing and return policy for a monopolistic manufacturer
of a single-period commodity, but the effect of the risk attitudes of suppliers and
retailers was not fully addressed.

It is clear from the literature review that little past research has been devoted
to studying the role of the risk attitudes of retailers and suppliers, though it is a
well-known essential factor to decisions determining the return policies. Based
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on the work conducted in Refs. 7 and 18, our research focuses on the analysis of
the optimal return policies under different demand patterns and risk preferences
of the parties involved. In this paper, a model will be presented to determine the
optimal return policies for a two-echelon supply chain that consists of one pair of
an independent supplier and a retailer with risk preferences. Given the production
costs and selling prices, the supplier has to determine the wholesale prices, the
amount to be charged against the retailer, the buyback prices, and the amount to
be given to the retailer for products returned. An approximation procedure will be
developed to analyze the optimal policies and discussions will be provided about
the relationship between the policies and how the policies are influenced by the
changes of selling prices and wholesale prices.

The rest of the paper is organized as follows. In Section 2, assumptions and
notations for the model development are described. The optimization models are
developed in Section 3. The analysis of the developed model is given in Section 4.
Numerical studies showing insightful results are provided in Section 5. Concluding
remarks and discussions are provided in Section 6.

2. Assumptions and Notation

A supply chain with one supplier and one retailer in a single-period product
setting is analyzed first for examples, newspapers, Christmas cards, etc., which
have a long delivery lead time and a short sale season. It is assumed that the
supplier and the retailer have different risk attitudes and are independent. The
supply chain is thus a decentralized one in which the supplier or manufacturer
produces and sells the goods to the independent retailer. The latter in turn sells the
items to the ultimate consumers until the inventory is depleted or the sale season
for the product ends.

It is assumed that the supplier offers the wholesale price as well as the
buyback price to the retailer; then, the retailer orders the quantity of products
based on the consideration of the two prices. Similar to early return policy dis-
cussions (Refs. 6, 19), we suppose that the wholesale price is prespecified and
both the supplier and the retailer act in a self-interested manner and decide the
wholesale price, the buyback price, and the order quantity respectively in order
to maximize their own profits. The profits depend on the revenues generated, cost
functions, and buyback prices. The retailer is assumed to bear all the inventory
carrying and stock out costs. It is assumed that, throughout their interactions, the
supplier and the retailer have equal and symmetric information about demand
distributions, prices, and inventory cost parameters. Thus, the supplier has all the
necessary information to estimate the retailer’s order quantity in response to any
combination of wholesale and buyback prices; then, the optimal decisions can be
made.
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The notation used in the models is as follows:
p = selling price per item,
c = production cost per item,
r = buyback price per item(traditional model),
cer , ces = holding cost per unit excess inventory incurred by the retailer and

supplier separately,
cur , cus = goodwill cost per unit due to stock out incurred by retailer and

supplier separately,
q = order quantity of retailer,
w = unit wholesale price,
x = random variable for single-period demand,
f (x) = probability density function (pdf) of single-period demand,
F (x) = cumulative distribution function (cdf) of single-period demand,
ks = supplier risk-taking or risk-aversion measure,
kr = retailer risk-taking or risk-aversion measure,
Us = supplier expected profit,
Ur = retailer expected profit.

3. Theoretical Model

The modeling framework for the single-period product model with risk-
preferences is developed based on the classical newsboy problem structure (Refs.
7, 20). The expected profit structures of the retailer and the supplier are represented
as the objective functions of the model. In order to facilitate the analysis, let cer =
ces = cur = ces = 0, which does not affect the essence of the research problem.
For the retailer and the supplier, the expected profits, the difference between their
total expected revenue and their total costs, are given as follows:

Ur = (p − r)E([x, q]) − (w − r)q − kr (p − r)2var([x, q]−), (1)

Us = rE([x, q]−) + (w − c − r)q − ksr
2var([x, q]−), (2)

where

[y, z]− = min{y, z}
In this paper, the return polices with risk preferences under demand un-

certainty will be discussed. In some papers on supply chain management with
uncertainty demand, researchers (Ref. 21) use a uniform distribution in theoret-
ical problems because of the complexity of the supply chain management. This
assumption is in real existence for example in the fashion clothing and apparels
market, new products market etc. (Ref. 22). In our paper, we suppose that the ran-
dom demand variable x follows a uniform distribution over the range [0, a], where
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a represents the possible maximum market demand. Thus, the density function
f (x) is given by

f (x) =
{

1/a, if 0 ≤ x ≤ a,

0, otherwise.
(3)

Based on the density function, we get

E([x, q]−) =
q∫

0

xf (x)dx +
∞∫

q

qf (x)dx = q − q2/2a, (4a)

E(([x, q]−)2) =
q∫

0

x2f (x)dx +
∞∫

q

q2f (x)dx = q2 − 2q3/3a, (4b)

var([x, q]−) = E(([x, q]−)2) − (E([x, q]−))2 = q3/3a − q4/4a2. (5)

Substituting (4) and (5) into (1) and (2), the expected profits of the retailer
and the supplier are given by

Ur = (p − w)q − [(p − r)/2a]q2 − kr (p − r)2(q3/3a − q4/4a2), (6)

Us = (w − c)q − (r/2a)q2 − ksr
2(q3/3a − q4/4a2). (7)

A general model can be established in light of two-stage game theory. After
the supplier sets the buyback price r, the retailer determines the order quantity
q(r) that maximizes the retailer’s profit Ur . In turn, q(r) determines the supplier’s
expected profit Us . The basic model is designed to find the optimal buyback price
r∗ that gives

Us(r
∗) = max

r
{Us(r, q

∗(r)), r ≥ 0}, (8)

where q∗(r) is the q-value that yields

Ur (q∗(r)) = max
q

{Ur (q, r), q ≥ 0}. (9)

The model will be analyzed in the following sections with different types of
risk-aversion, risk-neutral, or risk-taking shown by the supplier and the retailer.

4. Equilibrium Analysis of the Model

4.1. Risk-Neutral Case (ks = kr = 0). From Equation (6), we get

∂2Ur/∂
2q = −(p − r)/a < 0,
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Fig. 1. Impact of the selling price on optimal order quantity and optimal buyback price.

Fig. 2. Impact of the wholesale price on optimal order quantity and optimal buyback price.

so Ur (q) is concave with regard to q. The optimal reaction function q∗(r) that
maximize Ur (q) exists and can be found by setting the first-order derivative of (6)
to zero, leading to

q∗(r) = a(p − w)/(p − r). (10)

The second-stage equilibrium analysis can then be conducted as follows.

Proposition 4.1. If 4w < 2p + 2c + 3r(p − w)/(p − r), then Us(r, q∗(r))
is strictly concave in r and there exist anoptimal solution. Otherwise, the optimal
value of the buyback price is rmax, which is the upper bound of the buyback price
set by the supplier.

Proof. Substituting the reaction function q∗(r) [see (10)] and ks = 0 into
Equation (7), and considering its first derivative and second derivative on the
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buyback price, we get

dUs(r, q
∗(r))/dr

= [(3w − p − 2c)/2 − r(p − w)/p − r]a(p − w)/(p − r)2, (11)

d2Us(r, q
∗(r))/d2r

= [4w − 2p − 2c − 3r(p − w)/(p − r)]a(p − w)/(p − r)3. (12)

From Equation (12), we could prove the first part of Proposition 4.1. If

4w ≥ 2p + 2c + 3r(p − w)/(p − r),

we see that

3w − p − 2c − 2r(p − w)/(p − r) = p(p − w)/(p − r) > 0.

Then,

dUs(r, q
∗(r))/dr > 0. (13)

Therefore, Us(r, q∗(r)) is increasing in r; the upper boundary rmax of the buyback
price maximizes Us(r, q∗(r)). �

Based on the above analysis, we have the following results.

Proposition 4.2. When 4w < 2p + 2c + 3r(p − w)/(p − r) and 3w >

p + 2c, the optimal buyback price r∗ is given by

r∗ = p(3w − p − 2c)/(p + w − 2c). (14)

4.2. Risk Taking Case (ks �= 0 or kr �= 0). Suppliers and retailers may be
either risk-taking or risk-averse, depending upon actual situations. In the following
analysis, the equilibrium solutions are generated under the condition of risk-
propensity or risk-aversion. According to the same analytical method as stated in
Section 3, we have

∂Ur/∂q = p − w − [(p − r)/a]q − kr (p − r)2(q2/a − q3/a2), (15)

∂2Ur/∂
2q = [(p − r)/a]q − kr (p − r)2(q2/a − q3/a2). (16)

It is clear from Equation (16) that, if kr = 0, then the retailer expected profit
function is strictly concave in q but that, if kr �= 0, it is difficult to estimate the
characteristics of the optimal solutions. To generate a unique optimal solution, the
following condition is required.
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Proposition 4.3. When the retailer expected profit function is strictly con-
cave in q, its reaction function exists and is unique. For kr �= 0, the necessary
condition to guarantee that q∗(r) exists is given by

q < min{2a/3, a/3[1 +
√

1 + 3/akr (p − r)]}. (17)

Since the value of a, the possible maximum market demand, is much larger than
the order quantities, the above necessary condition is of general significance.
Therefore, the retailer’s reaction function must exist. The equilibrium reaction
function can then be generated from Equation (15) by solving the following
equation:

p − w − [(p − r)/a]q∗(r)−kr (p − r)2[(q∗(r))2/a − (q∗(r))3/a2] = 0. (18)

In order to get the finally optimal solutions, it is necessary to find whether the
supplier’s objective function is concave in the buyback price. Generally speaking,
the optimal order quantities would increase for higher buyback prices, but its rate of
increase will reduce as the buyback price increases. Therefore, it could be assumed
that dq∗(r)/dr > 0 and d2q∗(r)/d2r < 0. Then substituting Equation (18) into the
supplier’s objective function leads to the first derivative and the second derivative
of the supplier objective function at the buyback price as follows:

dUs(r, q
∗(r))/dr

= {w − c − rq∗(r)/a − ksr
2[a − q∗(r)](q∗(r))2/a2}dq∗(r)/dr

− (q∗(r))2/2a − 2ksr[(q∗(r))3/a2][a/3 − q∗(r)/4], (19)

d2Us(r, q
∗(r))/d2r

= {w − c − rq∗(r)/a − ksr
2[a − q∗(r)](q∗(r))2/a2}d2q∗(r)/d2r

− 2ks[(q
∗(r))3/3a − (q∗(r))4/4a2] − {r/a + 2ksr[(q∗(r))2/a

− (q∗(r))3/a2]}[dq∗(r)/dr]2 − 2{q∗(r)/a

+ 2ksr[a − q∗(r)](q∗(r))2/a2}dq∗(r)/dr, (20)

where

dq∗(r)/dr = q∗(r) + 2kr (p − r)[1 − q∗(r)/a](q∗(r))2

p − r + kr (p − r)2[2q∗ − 3(q∗(r))2/a]
.

The above deduction results in the following proposition.

Proposition 4.4. If w > c + rq∗(r)/a + ksr
2[(q∗(r))2/a − (q∗(r))3/a2]

and 4a > 3q∗(r), then the supplier expected profit function is strictly concave
with respect to the buyback price and the optimal solution for the buyback price
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exists and is unique. The optimal value of the buyback price is given by

[w − c − r∗q∗/a − ksr
2(a − q∗)(q∗)2/a2]

dq

dr

∣∣∣∣
r∗

− (q∗)2/2a − 2ksr
∗[(q∗)3/a2](a/3 − q∗/4) = 0, (21)

where q∗ = q∗(r∗).

5. Comparative Static Analysis of the Model

In this section, the sensitivity of the model to the changes of both the wholesale
price and the selling price will be analyzed. First of all, the relationships between
the order quantities and the different risk attitudes of suppliers and retailers are
revealed as follows.

Proposition 5.1. Given that the buyback price is kept unchanged, we get

q∗
rt > q∗

rn > q∗
ra,

where q∗
rt , q

∗
rn, q

∗
ra express the order quantities of the retailer in the risk-taking,

risk-neutral, and risk-averse cases, respectively.

Proof. Suppose that the buyback price is set at the level r . From (18), the
order quantity from a risk taking retailer can be generated as follows:

q∗(r) = q(p − w)/(p − r) − krq
∗(r)2(p − r)[1 − q∗(r)/a]. (22)

The second term in the right-hand side describes the effect of the risk-taking
measure on order quantity. From Proposition 4.3, as krt < krn < kra (because
krt < 0, krn = 0, and kra > 0), we have

q∗(r)2(p − r)[1 − q∗(r)/a] > 0.

When the retailers tend to take risk, they would likely have an optimistic
attitude for future market demands and profits. Therefore, they may order and
keep more goods before the sale season. If the retailers are risk-averse, they
always consider problems and makes decisions from a pessimistic point of view.
The order quantity from the risk-averse retailer is naturally the smallest among
the three types of retailer. The conclusion of Proposition 5.1 is in accordance with
the actual market situation. �

As seen in Section 3 the optimal solutions of the model are simple when both
the suppliers and retailers are risk-neutral. We now turn to discuss how sensitive
the optimal order quantity and optimal buyback price are to the selling price p

and the wholesale price w under the case of both the retailer and supplier being
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risk-neutral. Substituting (14) into (10), we can get the optimal order quantity as
follows:

q∗ = (a/2p)(p + w − 2c). (23)

Proposition 5.2. For a decentralized supply chain where both the indepen-
dent supplier and retailer are risk-neutral, the optimal buyback price rises as the
selling price decreases and vice versa. If w < 2c, the change of the optimal order
quantity is positively proportional to the change of the selling price. But when
w ≥ 2c, the relationship is reversed.

Proof. From (14) and (23), we obtain that

∂q∗/∂p = a(w − 2c)/2p2, (24)

∂r∗/∂p = [(w − 2c)(3w − 2p − 2c) − p2]/(p + w − 2c)2. (25)

Note that

−p < 3w − 2p − 2c < p,

for

3w > p + 2c.

So, we get

∂r∗/∂p < 0.

According to Equation (24), it is straightforward to prove the latter part of
Proposition 5.2. �

Proposition 5.3. If the supplier and the retailer are risk-neutral, then both
the optimal buyback price and the optimal order quantity will increase (decrease)
as the wholesale price rises (drops).

Proof. It is similar to the proof for Proposition 5.2. �

Compared with the above analysis, it is relatively difficult to conduct a
comparative static analysis for a supply chain with risk-taking or risk-averse
supplier and retailer. The main reason is that its optimal solutions are normally
functions with explicit from unknown. In order to conduct the analysis, it is
therefore to make necessary certain simplifying assumptions. Suppose that p � r,

q � 1 and q/a � 1. Then, we have

dq∗(r)/dr = q∗(r) + 2kr (p − r)[1 − q∗(r)/a](q∗(r))2

p − r + kr (p − r)2[2q∗(r) − 3(q∗(r))2/a]
≈ q∗(r)/(p − r), (26)
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Inserting (26) into (21) leads to the following equation:

[w − c − r∗q∗/a − ksr
2(a − q∗)(q∗)2/a2]1/(p − r∗)

− q∗/2a − 2ksr
∗[(q∗)2/a2](a/3 − q∗/4) = 0. (27)

For simplicity, the small values of ϑ( (q∗)2

a2 ) are neglected when a � q. Obviously,
this results in the following set of approximate equations:

w − c−r∗q∗/2a − ks(r
∗)2[(q∗)2/3a] − p[q∗/2a + 2ksr

∗(q∗)2/3a] = 0,

(28a)

p − w−[(p − r∗)/a]q∗ − kr (p − r∗)2(q∗)2/a = 0. (28b)

Differentiating (28) with respect to w, the unit wholesale price, and expressing the
equations in matrix form lead to the following matrix equation:[

A B

C D

] [
∂q∗/∂w

∂r∗/∂w

]
=

[
a

a

]
, (29)

where

A = (r∗ + p)/2 + [2ksr
∗q∗/3](r∗ + 2p),

B = q∗/2 + [2ks(q
∗)2/3](r∗ + p),

C = r∗ − p − 2kr (p − r∗)2q∗,
D = q∗ + 2kr (p − r∗)(q∗)2.

then we have[
∂q∗/∂w

∂r∗/∂w

]
=

[
A B

C D

]−1 [
a

a

]
= [a/(AD − BC)]

[
D − B

A − C

]
. (30)

For the comparative static analysis about the wholesale price, the research
is focused on how the changes of the wholesale price influence the optimal order
quantity and the optimal buyback price. Note that, from Equation (30), the research
question relates to the parameters ks and kr . To simplify the discussion, the right-
hand side of Equation (30) is decomposed into three main terms: AD − BC,D −
B,A − C, and five different kinds of cases with different combinations of the
parameters ks and kr are taken into account. The analysis is shown in Table 1.

Among the above fives cases in Table 1, Case 3 and Case 4 are the special
situations of Case 5. Having generated the above values, an in-depth sensitivity
analysis about the wholesale price can be conducted as summarized in Table 2.

To understand the results of Table 2, note that there are three effects of
a wholesale price change. We explore how the optimal buyback price and the
optimal order quantity for each case change with different parameters of the
model.
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Table 1. Values of AD − BC, D − B, A − C.

Case 1
ks �= 0, kr = 0 AD − BC = pq∗ + [2ks (q∗)2/3](p2 + 2pr∗)

D − B = q∗/2 − [2ks (q∗)2/3](r∗ + p)
A − C = (3p − r∗)/2 + (2ksr

∗q∗/3)(r∗ + 2p)
Case 2
ks = 0, kr �= 0 AD − BC = pq∗ + 2krp(q∗)2(p − r∗)

D − B = q∗/2 + 2kr (q∗)2(p − r∗)
A − C = (3p − r∗)/2 + 2krq

∗(p − r∗)2

Case 3
ks �= 0, kr �= 0 AD − BC = pq∗ + [2kp(q∗)2/3](4p − r∗) + [4k2(q∗)3/3](p2 + 2pr∗)(p − r∗)
ks = kr = k D − B = q∗/2 + [4k(q∗)2/3](p − 2r∗)

A − C = (3p − r∗)/2 + (2kr∗q∗/3)(r∗ + 2p) + 2kq∗(p − r∗)2

Case 4
ks �= 0, kr �= 0 AD − BC = pq∗ + [2kp(q∗)2/3](2p − 5r∗) + [4k2(q∗)3/3](p2 + 2pr∗)(p − r∗)
ks = kr = k D − B = q∗/2 + [4k(q∗)2/3](2p − r∗)

A − C = (3p − r∗)/2 + (2kq/3)[3p2 + 2(r∗)2 − 8pr∗]
Case 5
ks �= 0, kr �= 0 AD − BC = pq∗ + [2tkp(q∗)/3](p + 2r∗) + 2kp(q∗)2(p − r∗)
ks = tkr = tk, +[4tk2(q∗)3/3](p2 + 2pr∗)(p − r∗)
t �= −1, 0, 1 D − B = q∗/2 + [2k(q∗)2/3][(3 − t)p − (3 + t)r∗]

A − C = (3p − r∗)/2 + (2kq/3)[3p2 + (3 + t)(r∗)2 + (2t − 6)pr∗

Case 1. if ks > 0, as the wholesale price w increases, the optimal buyback
price r∗ goes up, but when 3 − 4ksq

∗(r∗ + p) > 0, as w increases, the optimal
order quantity q∗ increases, otherwise the optimal order quantity q∗ reduces; if
ks < 0, when 9p − 3r∗ + 4ksr

∗q∗(r∗ + 2p)/[3 + 2ks(p + 2r∗)] > 0[< 0] as w

increases, r∗ increases [decreases], but when 3 + 2ksq
∗(2r∗ + p) > 0[< 0] as w

increases, q∗ increases [decreases].

Table 2. Results of comparative static analysis about the wholesale price.

Case 1
ks �= 0, kr = 0 ∂r∗/∂w > 0 and sign(∂r∗/∂w) = sign[3 − 4ksq

∗(r∗ + p)] if ks > 0,

sign( ∂r∗
∂w

) = sign{[(9p − 3r∗ + 4ksr
∗q∗(r∗ + 2p)]/[3 + 2ksq

∗(p + 2r∗)]},
sign( ∂q∗

∂w
) = sign[3 + 2ksq

∗(2r∗ + p)] if Ks < 0.

Case 2
ks �= 0, kr = 0 ∂r∗/∂w > 0 and ∂q∗/∂w > 0, if kr > 0

sign(∂r∗/∂w) = sign{[3p − r∗ + 4krq
∗(p − r∗)2]/[1 + 2kr (p − r∗)]},

sign(∂r∗/∂w) = sign{[1 + 4krq
∗(p − r∗)]/[1 + 2kr (p − r∗)]}, if kr < 0.

Cases 3, 4, 5

ks �= 0, kr �= 0 sign(∂r∗/∂w) = sign{ 9p−3r∗+4kq∗[3p2+(3+t)(r∗)2+(2t−6)pr∗]
3+2tkq∗(p+2r∗)+6kq∗(p−r∗)+4tk2(q∗)2(p+2r∗)(p−r∗)

}
ks = tkr = tk, sign(∂r∗/∂w) = sign{ 3+4kq∗[(3−t)p−(3+t)r∗]

3+2tkq∗(p+2r∗)+6kq∗(p−r∗)+4tk2(q∗)2(p+2r∗)(p−r∗)
}

t �= 0
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Case 2. If kr > 0 as w increases, both r∗ and q∗ increase; if kr < 0,
when 3p − r∗ + 4krq

∗(p − r∗)2/[1 + 2kr (p − r∗)] > 0[< 0] as w increases, r∗

increases [decreases], but when 1 + 4krq
∗(p − r∗)/[1 + 2kr (p − r∗)] > 0[< 0],

as w increases, q∗ increases (decreases).
Case 3. If

9p − 3r∗ + 4kq∗[3p2 + (3 + t)(r∗)2 + (2t − 6)pr∗]

3 + 2tkq∗(p + 2r∗) + 6kq∗(p − r∗) + 4tk2(q∗)2(p + 2r∗)(p − r∗)
> 0 [< 0],

as w increases, r∗ increases [decreases], but when

3 + 4kq∗[(3 − t)p − (3 + t)r∗]

3 + 2tkq∗(p + 2r∗) + 6kq∗(p − r∗) + 4tk2(q∗)2(p + 2r∗)(p − r∗)
> 0 [< 0],

q∗ increases [decreases].
From the above, the effects of a wholesale price are different with different

cases; the changing degree of the optimal buyback price and the optimal order
quantity is related to both the stable parameters ks, kr , p and the varying parameters
r∗, q∗. From the viewpoint of the supplier and retailer, they must arrive at a decision
according to different cases and conditions.

The selling price is also an important parameter, which is affected directly
by marketing fluctuations. A small change of the selling price can break the old
equilibrium state, lead to a new state, which in turn will affect the optimal order
quantity and the optimal buyback price. Under the same conditions as assumed
before, the comparative static analysis about the selling price is given as follows:[

∂q∗/∂p
∂r∗/∂p

]
=

[
A B

C D

]−1 [
X

Y

]
= 1

AD − BC

[
DX − BY

AX − CY

]
, (31)

where

X = −(q∗/2 + 2ksr
∗(q∗)2), Y = −a + q∗ + 2kr (q∗)2(p − r∗).

Note, however, that Equation (31) is a very close approximation to Equation (30).
Therefore, the same analytic method can be applied to the comparative static
analysis about the selling price.

6. Numerical Analysis of the Impact of Risk Preference

The previous section presented the results of the theoretical analysis for the
impact of risk attitudes of the retailer and supplier. Since the optimal solutions in
the presence of risk preferences are quite complex and in particular the comparative
static analyses result in functions of the risk parameters which are interdependent,
it is very difficult, if not impossible, to obtain closed-form analytical results. As
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Table 3. Impact of the selling price on optimal order quantities and optimal buyback
price.

p 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.0 29.0 30.0 31.0
r∗ 3.570 3.586 3.598 3.605 3.609 3.609 3.606 3.601 3.593 3.583 3.570 3.557
q∗ 25.1 24.4 23.7 23.1 22.5 21.9 21.4 20.9 20.5 20.1 19.7 19.3

such, a numerical analysis is conducted to gain further insights into the impact of
risk preferences.

In the study, several scenarios are formulated first by taking into account
different combinations of the risk parameters. Then, with all other parameters
fixed, the effects of the selling price and the wholesale price on the optimal
order quantity and the optimal buyback price in Case 3 are investigated. The
fixed parameters and their selected values used in the study include the demand
distribution parameter (a = 100), the risk-preference measures of the supplier
and the retailer (ks = kr = 1.0), and the producing cost (c = 1.0). Given these
parameter values, the optimal order quantity and the optimal buyback price are
evaluated in two scenarios. The first scenario is that, if the wholesale price is fixed
at 8.0, the effects of the selling price on the selling price on the optimal order
quantity and the optimal buyback price are examined, with p changing from 20.0
to 31.0 with steps of 1.0. The optimal order quantity and optimal buyback price
are shown in Table 3 and depicted in Figure 1.

It is observed from Table 3 that:
(i) The optimal order quantity decreases as the selling price increases.
(ii) The effects of the selling price on the optimal buyback price are closely

interconnected with the selling price. For small selling prices (in this sample,
p < 24 or 25), the optimal buyback price increases as the selling price rises.
However, for large selling prices (in this sample, p ≥ 24 or 25), it decreases as
the selling price increases.

The second scenario is designed to evaluate the effects of the wholesale price
on the optimal order quantity and the optimal buyback price. To do so, p is fixed
at 20.0 and w changes from 9.0 to 16.0 in a step of 1.0. The results are shown in
Table 4 and depicted in Figure 2.

It is clear from Table 4 that the optimal buyback price increases as the whole-
sale price increases. If the wholesale price is small, however, the optimal order
quantity increases as the wholesale price increases, otherwise it will decreases.

Table 4. Impact of the wholesale price on optimal order quantity
and optimal buyback price.

w 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0
r∗ 8.511 9.121 9.720 10.320 10.931 11.557 12.243 12.968
q∗ 28.8 29.0 29.1 29.1 29.0 28.9 28.6 28.1
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In this sample, from Table 1 and Table 2, one can see that, in Case 3, when
k = 1.0 > 0, then ∂r∗/∂w > 0 and

sign(∂q∗/∂w) = sign(3 + 8q∗(p − 2r∗)).

From Table 4, it is clear that the results of the numerical analysis are consistent
with the comparative static analysis.

7. Conclusions

In this paper, a two-echelon supply chain of single-period products was inves-
tigated, which consists of one supplier and one retailer who have risk-preferences
and operate in an environment where demand is uncertain. The contributions of
this research are multifold. First, an analysis model was established and ana-
lytical optimal solutions were generated by assuming a uniform distribution. A
Comparative static analysis was then conducted.

Second, the impact of risk-preferences on the supplier’s return policies and
the retailer’s order quantities was investigate; theoretical results under different
risk-preferences were generated. These results revealed the specific effects of the
selling price and the wholesale price on the optimal order quantity and the optimal
buyback price. This analysis approach provides a flexible means for allocating
market risks between suppliers and retailers in a supply chain.

This research is focused primarily on developing a generic analytical ap-
proach, which is based on the assumption that the demand distribution is uniform.
However, it can be shown that the return policy is also applicable to a realistic sit-
uation where the parties of a supply chain have risk-preferences. In this situation,
supplier and retailer decisions are interrelated and interact with each other. It is
difficult to generate closed-form solutions for general demand distributions; this
needs to be investigated in further research.
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