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Returns in Revenue-Sharing Contracts under
Multiplicative Demand?

Abstract

This article investigates pricing and ordering decisions in a two-echelon supply
chain facing price-sensitive, multiplicative stochastic demand in the presence of
product returns and exchanges. Using a Stackelberg game with the manufacturer
as the leader, we analyze four contract scenarios that combine revenue sharing or
cost-revenue sharing with manufacturer- or retailer-managed returns. We show
that revenue-sharing contracts do not fully coordinate the supply chain when
return handling costs are not shared. Cost-revenue sharing contracts can coordi-
nate the channel when the wholesale price is set at the coordinating level below
the production cost. Theoretical findings show that multiplicative demand intro-
duces a structural singularity in the induced pricing functions, contrasting with
the continuous outcomes under additive demand. Numerical and sensitivity anal-
yses show that decentralization causes only a small loss in channel profit but a
much larger reduction in order quantity. Furthermore, we find a critical sharing
ratio threshold. Above this value, letting the retailer handle returns becomes bet-
ter for both parties than if the manufacturer manages them. These findings offer
practical guidelines for designing contracts in e-commerce and electronics supply
chains.

Keywords: revenue sharing, returns, exchanges, Stackelberg game, supply chain
coordination
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1 Introduction

Product returns are a major challenge in many industries, particularly in e-commerce
[1]. Product returns can generate considerable losses because both retailers and man-
ufacturers may be responsible for handling them. The manufacturer accepts consumer
returns mainly for reasons such as warranty and take-back compliance [2]. In particu-
lar, costs associated with the returns of electronics can be substantial [3]. It has been
reported that 41% of consumers have returned a non-defective electronic product and
that 92% would buy again from a brand if the return process were easy [4]. In the
electronics industry, contracts between manufacturers and retailers play an important



role in supply chain (SC) management. [5]. These contracts often incorporate revenue
sharing (RS) mechanisms under sales revenue is shared between parties according to
an agreed sharing ratio.

This paper studies how RS contracts can be designed to improve decisions and
outcomes for both manufacturers and retailers. Contracts specify expectations regard-
ing the values of variables and ensure that both parties adhere to the terms. At the
Stackelberg equilibrium, the retailer chooses its best response to the manufacturer’s
decision, while the manufacturer chooses its decision anticipating this response. Any
unilateral deviation from these equilibrium decisions leads to a lower profit for the
deviating party. This requirement can be represented as an equilibrium point in the
Stackelberg game with the manufacturer as the leader [6].

In the study RS contracts for non-defective product (false failure returns (FFR) [7])
returns are evaluated. Consumers may return non-defective products and exchange
them for new items. Any surplus inventory can be salvaged without capacity con-
straints. The handling of returns is divided into two strategies: R or M. Under strategy
R, consumers return products to the retailer, who handles the returns. Under strategy
M, consumers return products directly to the manufacturer. Both strategies maintain
identical forward channels. After choosing the return handling strategy, the manufac-
turer selects either an RS or a CRS (Cost-Revenue Sharing) contract. Under the RS
contract, revenue is shared between the manufacturer and the retailer according to
the negotiated sharing ratio. Under the CRS contract, the retailer shares both revenue
and return handling costs with the manufacturer. Furthermore, in each scenario, the
consumer demand is stochastic, multiplicative and dependent on the retail price. Con-
sequently, in the decentralized channel, four contract scenarios are identified. Together
with the multiplicative case, they are summarized in Table 1.

Table 1 Setup of contract scenarios

Strategy M R
Sharing policy
Revenue sharing RS-M RS-R

Cost-revenue sharing CRS-M  CRS-R

Before the Stackelberg game begins, the manufacturer selects one of the four con-
tract scenarios. The Stackelberg game then proceeds with the manufacturer as the
leader and the retailer as the follower. Initially, the manufacturer sets the wholesale
price w, maximizing their expected profit. Subsequently, the retailer determines the
retail price p and order quantity ¢, aiming to maximize their own expected profit.
The manufacturer then produces and delivers the product to the retailer before the
selling season. Upon the occurrence of seasonal demand, products are returned and
exchanged based on the mismatch rate, and transfer payments are executed between
the firms as per the agreed contract terms.

The article examines optimal decisions and determines which party should han-
dle the returns, and under what conditions. Both multiplicative and additive demand
models are widely applied in the literature [8-11]. While in [12] RS contracts under



additive demand are considered, this study examines RS contracts under multiplica-
tive. The demand functions for a wide variety of products including food and electronic
items, are often estimated to be multiplicative. This study also extends [13] and [14],
which consider wholesale-price contracts under multiplicative demand. To achieve
these objectives, the following research questions are formulated:

RQ1. How do RS and CRS contracts affect the analytical structure of the Stackelberg

game under multiplicative demand?

RQ2. Which optimal decision variables: price, wholesale price, or order quantity distin-

guish the contract scenarios, and how are they affected by return handling costs
and the sharing ratio?

RQ3. Which contract strategy is preferred by the manufacturer and which by the retailer

under different sharing ratios?

RQ4. Which contract mechanisms achieve full SC coordination under multiplicative

demand?

The model is based on a scenario describing relationships among SC members
introduced in [15] and further developed in [13] and [12]. Liu et al. [15] consider
wholesale or buyback transactions with price-free stochastic demand and retail price
being the exogenous variable. In [13] and [14] the model of [15] with endogenous
price and additive or multiplicative demand is supplemented but the wholesale price
contract is still considered. In the paper [12] four contract scenarios based on RS
agreement under additive demand are introduced, and optimized. In this paper we
concentrate on the results of the multiplicative demand case, namely we formalize
and optimize RS-M, RS-R, CRS-M, CRS-R contract scenarios with the stochastic
and multiplicative form of demand assumed. The study makes four contributions.
First, it shows that the form of demand uncertainty affects not only the analytical
solution of SC contracts but also the economic properties of the resulting contract.
Under multiplicative demand, the pricing functions have a boundary that is absent
under additive demand, limiting the feasible decisions. Second, the study shows that
the party handling returns does not always bear the full cost of them. When the
manufacturer handles returns, higher return costs lead to a higher wholesale price.
When the retailer handles returns, it increases the retail price, while the manufacturer
lowers the wholesale price to reduce the negative effect on demand and order quantity.
Third, the study shows how CRS can coordinate the SC. When revenue and return
costs are shared in the same proportion, the decisions of the firms can match those of
the centralized channel. However, the wholesale price that gives full coordination may
differ from the price chosen by the manufacturer in the Stackelberg game. Fourth, the
numerical analysis shows that a small loss in total profit may be linked to a much
larger reduction in order quantity. It also shows when retailer-managed returns create
a conflict between the manufacturer and the retailer, and when they benefit both
parties. These theoretical insights give managers a basis for designing effective returns
policies suited to different product demands, which is especially relevant because of
the widespread use of RS contracts and the growing problem of product returns,
particularly in electronics industry.



2 Related literature

This study is related to the literature on RS contracts and SC contracts with product
returns. We describe findings concerning those issues focusing our attention on the
most relevant and recent research. The pure RS contract determines the distribution
of profits and losses between members and therefore can coordinate the SC [6, 16].
To achieve coordination, an RS contract should clearly specify how revenue is mea-
sured and shared [17]. The challenge of reducing non-defective returns through SC
coordination is addressed in [7]. The target rebate contract which leads to a Pareto
improvement is considered. This contract could substantially enhance the profit for
both parties involved, and for the whole SC as well. In [18] a model of consumer returns
policies is proposed in which consumers face valuation uncertainty. Consumers’ deci-
sion is to purchase and return the product, while the seller’s decision is to establish
the price, quantity, and refund amount. The impact of full and partial returns poli-
cies on the SC performance is investigated and the proposition of strategies of the SC
coordination is offered.

In [19] a coordination contract resolving a profit conflict between the manufacturer
and retailer resulting from reducing FFR is presented. A quantity discount contract is
introduced, which specifies a payment to the retailer with an amount decreasing in the
number of returns. It was proved that the contract is Pareto improving and that it can
discourage the retailer from accepting returns. Examining the principal-agent problem
in handling FFR within a reverse SC featuring one manufacturer and two competing
dealers, Sun et al. [20] design optimal incentive contracts under both symmetric and
asymmetric information. They find that under the symmetric information, the deal-
ers’ effort levels align with those that maximize the expected overall profit of the SC.
Considering the possibility of reselling FFR, Pingping et al. [21] investigate transship-
ment and inventory decisions in a dual-channel SC. They examine three scenarios with
FFR, taking into account transshipment and consumer switch, and demonstrate that
scenario choices significantly affect optimal quantities.

Khouja and Hammami [22] compare cash returns with refunds in the form of store
credit or gift cards. Both policies benefit consumers who keep the product more than
those who return it. In [15] and [13], a wholesale price contract with a returns handling
strategy is considered. In [15], the retailer’s order quantity, the manufacturer’s returns
handling strategy, and channel coordination are explored under FFR assumption. The
study proves that a buyback contract in such SC is able to coordinate the SC. In [13],
the endogenous retail price is additionally considered, with a discussion concerning the
possibility of negative demand realizations, albeit only in the case of the manufacturer
handling strategy. In [12], the RS contract in a similar model is investigated under
additive stochastic demand linearly dependent on the retail price. The authors of [23]
examine returns management strategies using a game theoretical model for a SC where
the retailer faces customer returns. The manufacturer can pursue either a buyback or
a wholesale price contract. The optimal returns management strategy is determined
and it is shown that each strategy can lead to a Pareto improvement.

The existing literature does not fully address RS and CRS contracts with product
returns under multiplicative stochastic demand [12, 13, 15]. In this paper mathemati-
cal modeling is conducted for four contract scenarios combining RS and CRS contracts



with exchange under two returns handling strategy. These contract scenarios are illus-
trated on schemes, and optimal quantities are derived. The assessment whether these
contracts may coordinate the SC is undertaken. Finally, an extensive sensitivity anal-
ysis is conducted to determine which return handling strategy is preferred and how
RS and CRS contracts affect the profits of the SC members and the whole channel.

3 Problem formulation

Consider a two-echelon SC consisting of an independent manufacturer and retailer.
Within this distribution setup, the manufacturer introduces a fresh product, which is
then channeled through the retailer. The retailer, in this arrangement, purchases the
product at the wholesale price, while consumers pay the retail price directly to the
retailer. The manufacturer faces a unit cost of producing the item. Table 2 outlines
the parameters, assumptions, and decision variables pertinent to the model.

Table 2 Model parameters, notation and assumptions

Decision variables

retail price per unit set by the retailer
2(q) inventory factor (order quantity) set by the retailer
w wholesale price per unit set by the manufacturer

Parameters and notation

l name of scenario | € {RS,CRS}

k name of strategy k € {M, R}

l‘[’cC expected profit in the centralized channel

Hfﬁk, Hlfk manufacturer’s and retailer’s expected profit
in the decentralized channel

Hifk = Hi{k + Hlfk expected profit of the decentralized channel

AHé = H,lfR — HéfM, the difference between respective profits 4, i € {m,r,d}, in strategy R and M

re (0,1) sharing ratio, in degenerate boundary cases r =0 or r =1

c>0 unit production cost

v unit salvage value v < ¢,

hk >0 = H¥q returns handling cost per unit sold H*
multiplied by the mismatch rate a € (0,1)

k>0 = HFa consumer’s average returns handling cost H¥
multiplied by o

a>0,b>2 deterministic demand parameters [24]

€ random variable with E[¢] = 1 and o?[¢] < co

F(xz), f(x) cumulative distributed function (cdf) and probability df (pdf)
of € with support [A,B], 0 < A< B and f(z) >0

g(z) = IJ;(&)) failure rate with F(z) = 1 — F(x)

u(z) = zg(x) generalized failure rate

Az) = [i(z—o)f(e)de A& = p(z)

rv <w constraint on prices, k € {M, R}

F is IFR F belongs to increasing failure rate class of cdfs [25]

11—
effl =k = Hndi,c the profit efficiency of the decentralized channel compared with that

of a centralized one [26].



Within this SC, the manufacturer and retailer accept non-defective returns and
allow consumers to exchange them for new product variants. The manufacturer pro-
poses a contract to the retailer, who can choose to accept or reject it. At the start of
the selling season, the manufacturer selects one of the two returns handling strategies:
handling returns themselves (M) or leaving them to the retailer (R). The manufac-
turer also decides on the contract type: an RS contract, where revenue is shared, or a
CRS contract, where both revenue and returns costs are shared.

The sharing ratio, denoted as r, remains constant in both contract types and is
established in the course of negotiations between channel members. Based on this
ratio, the retailer receives a r portion of the revenue or incurs a r share of the returns
handling costs generated per unit, while the manufacturer’s share amounts to 1 — r
per unit. After the retailer agrees to the manufacturer’s offer, the Stackelberg game
begins with sequential decision-making among the firms involved. In economic theory,
the Stackelberg game depicts a situation where one firm, the leader, makes the first
move, and the other, the follower, responds subsequently. The leader understands that
the follower observes its decisions, while the follower lacks the ability to commit to a
different role in interactions. This dynamic requires the leader to carefully consider its
actions, knowing they will influence the follower’s decisions [27].

This research employs the manufacturer-dominant Stackelberg model, where both
the manufacturer and the retailer tend to optimize their profits by setting prices and
order quantities. As the Stackelberg leader, the manufacturer moves first and antici-
pates the retailer’s response when setting the wholesale price. It’s crucial to highlight
that transactions only occur upon the sale of an item. Initially, the manufacturer
establishes the wholesale price (w), and then the retailer, functioning as the follower,
decides on the order quantity (¢) and the retail price (p) for the product. We assume
that the returns are sent back either to the manufacturer or the retailer. Subsequently,
the returned product undergoes inspection or repackaging before it can be resold as
a new item. The consumer’s returns handling cost includes expenses such as reverse
shipping fees, travel costs, time costs, and is influenced by factors such as respon-
siveness and convenience in the returns process. The sequence of events is shown in
Fig. 1. We assume that demand is stochastic, multiplicative, and dependent on the
retail price p. Namely, for € € [A, B] being a random variable with cdf F independent
of p and continuously differentiable pdf f, the demand is multiplicative denoted by
D¥(p,e) = d*(p)e, where

d"(p) = a(p+ he) ™" (1)

is a deterministic demand, which gives
D*(p.e) = a(p+ h¢)~'e (2)
where a is the market size and b is the price elasticity of demand and k € {M, R} [28].

4 Profit functions

To begin, we present the schemes of the introduced contract scenarios showing the
money and product flows in the SC (see Figure 2 and 3).



The retailer accepts

The retailer accepts the offer, submitts

the scenario. 1. The goods are returned

qandp. and exchanged.
Start of the selling 2. Payments are made.
season. 3. Cost are paid.
| Demand is observed |
and goods are sold.
The manufacturer The manufacturer The manufacturer
proposes sets w, the contract prqduces and )
a contract is offered delivers quantity q
scenario to to the retailer. to the retailer.
retailer.

Fig. 1 The sequence of the events in the supply chain

Based on the schemes we will outline profit equations for the centralized channel
and the decentralized channels, when employing strategies M and R. In the centralized
channel both involve decision making by a central authority. Subsequently, we will
present the expression for the expected profit in the centralized channel under strategy
k:

g (p,q) = (p— v — h*)E[min{g, D*(p,e)}] = (¢ —v)g, ke {M,R}.  (3)
The anticipated profits of the decentralized channel under strategy M and R, coupled

with RS or CRS contracts, can be represented by the following expressions.
Then,

® under the RS-M scenario the manufacturer’s expected profit is given by

M (w) = (w = e+ (L= r)v)g + (1 = r)(p — v) = K" )E[min{q, D (p,)}],
(4)

e under the RS-R scenario the manufacturer’s expected profit is equal to
I35 (w) = (w = ¢+ (1 = r)v)g + (1 = r)(p — v)E[min{g, D*(p,e)}].  (5)

e under the CRS-k, k& € {M, R} scenario the manufacturer’s expected profit is given
by

GRSk (w) = (w — e+ (1= r)o)g + (L r)(p — v — h*)Elmin{g, D(p, ). (6)
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Defining an inventory factor for multiplicative demand by

z=q/(a(p+ h)™") = q/(d*(p)),

we get
Elmin{g, D*(p,e)}] = d"(p)(z = A(2)), k€ {M,R}

[8], which lets us provide basic formulations of the expected profit functions of parties
using the newsvendor frameworks in each scenario, noting that the retailer’s expected
profit is the difference between the centralized and manufacturer’s profit. The resulting
profit functions and optimization problems are presented below.

In the forthcoming analysis, we provide closed-form expressions for optimal quan-
tities and address the question of whether the specific SCs are coordinated or not. A
contract coordinates the SC if the decentralized and centralized channels yield identi-
cal pricing and ordering decisions [6]. The objective of SC coordination is to enhance
the overall performance of the SC by aligning the plans and objectives of individual
enterprises. Typically, it places emphasis on optimizing inventory management and
ordering decisions within distributed inter-company settings [29].
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4.1 Optimal decisions in Centralized Channels

As a benchmark, we consider a centralized channel in which a central decision-maker
chooses the retail price and order quantity to maximize the total expected SC profit.
Generally, the centralized channel problem under strategy k € {M, R} is written as

max TE(p2) = @) (p— v — A~ A() — =)z}, (7)

We get the following theorem.
Theorem 1. If assumptions hold, then for any z € [A, B|, the central decision-maker’s
unique optimal price under strategy k € {M, R} is given by

_ bhE+hE+ b bz(c—v)
pe(s) = = b—1)(z—A(z) ()

and the unique optimal inventory factor z = z¥ is determined by
(p¥(2) —v — A" F(2) = (c —v) = 0.

All proofs are relegated to the Appendix.



5 Optimal decisions in Decentralized Channels

5.1 Revenue Sharing Contract

Under RS-M scenario, using the backward induction method, first, the retailer’s
maximization problem is solved

mae I () = Q) r(p - v)(e - AE) - () (9)

and then the manufacturer’s optimization problem

max I~ (w) = d (p){((1 =) (p—v) = ) (2 = A(2)) + (w — e+ (1 =r)v)z} (10)

is considered. Similarly, under RS-R scenario, we sequentially solve the following
problems

max TR p.2) = RO —0) — B - AG) — (=)}, (1)
and

max I~ (w) = d*(p){(1 = r)(p —v)(z = A2) + (w = c+ (1 =)o)z} (12)

The decisions concerning the decentralized RS problems formulated above are as
follows.
Theorem 2. If assumptions hold, then for any z € [A, B

1. under the RS-M contract scenario, the retailer’s unique optimal price deS_M i
given by
RS-M () _ bv + hM bz(w —rv) (13)
d b—1 r(b—1)(z — A(2))’
and the retailer’s optimal inventory factor z = z?s_M s uniquely determined by
r(pFS ™M (2) —v)F(z) = w — ro. (14)
2. under the RS-R contract scenario, the retailer’s unique optimal price p?s_R 18
given by
pRS=R() = bv+h§+ bhE 4 bz(w — rv)
d b—1 r(b—1) 7b-1)(z - A(2))’
and the retailer’s optimal inventory factor z = z(IfS*R s uniquely determined by

(r(pfS 7 (=) = v) = WP)F(2) = w — 1.

By anticipating the retailer’s best response regarding the retail price and the
inventory factor, the manufacturer determines the wholesale price that maximizes its

10



expected profit. The problem of optimizing the manufacturer’s profit over the whole-
sale price can be transformed into the maximization over the inventory factor z after
expressing the wholesale and retail price in terms of z which are derived from the for-
mulas of the optimal quantities of the retailer’s problem. Therefore, finally we solve
the following optimization problems.

Let zy be defined by

(b — 1)(2’0 — A(ZO)) — bZoF(Z()) =0. (15)

Under the RS-k contract scenario the optimal decisions to the problem can be obtained
by solving
max T25=F(2), ke {M,R}
z€[z0,B]

1. where IIZS=M i defined by (10) with

(2 = AE) (Y +v)
(b—1)(z — A(2)) — bzF(2)’

pim oSN (z) =0t

and

w e WM = (o F(z)(z — A(2))(h}! +ﬁ”) .
=l e = (o4 G A R
2. where TI9~ is defined by (12) with

e rht(z — A(2)) + b(h™ + rv) (2 — A(2) — 2F(2))
T r((b—1)(z — A(2)) — b2 F(2))

and F(2)(z — A(2))(RT + rRE + rv)

(b—1)(z — A(2)) — bzF(2)

w = w(IfS*R(z) =rv+

Now, we need the following theorem.

Theorem 3. Under RS-k scenario, k € {M,R}, if z € [A, B] then the functions
ISR (2) and wiS7F (2) have a vertical asymptote in a non-removable singularity point
at zo defined by (b —1)(z0 — A(20)) — bzoF (20) = 0. The function p5°~*(z) + hF >0
if 2 € (20, B] and pF57*(2) + h* < 0, otherwise.

The theorem says that both the retail price and the wholesale price have a verti-
cal asymptote at zg from the right side. As z approaches zy from the right, the order
quantity and the manufacturer’s expected profit tend to zero, so this boundary case is
not economically meaningful. Moreover, for p*(z) 4+ h* < 0 demand is not well-defined
since the exponent b does not have to be an integer number. For the purpose of the exis-
tence argument, define the continuous extension of the profit function with I(zp) = 0
since lim e I1,,(z) = 0. Then the profit is continuous on [zg, B], and the Weierstrass
theorem applies.Therefore, the optimization could be limited to the interval [zg, B].
Due to the complexity of the above optimization problems, they can be solved numer-
ically. The objective functions are continuous on the closed interval, therefore, they
obtain their extreme values by the Weierstrass extreme value theorem [30]. However,

11



these values do not have to be unique. Similar problems in the subsequent part of the
article can be treated likewise.
5.2 Cost-Revenue Sharing Contract

Under CRS-k scenario, using the backward induction method, first, the retailer’s
maximization problem is solved

, max I  (p, 2) = d*(p){r(p — v — h*) (2 — A(2)) — (w — rv)2}, (16)

k € {M, R} and then the manufacturer’s optimization problem

max I (w) = d*(p){(1 = r)(p —v = h*)(z = A(2) + (w — e+ (1 =)o)z} (17)

is considered.
The decisions based on the decentralized problems are as follows.

Theorem 4. If assumptions hold, then for any z € [A, B] under the CRS-k contract
CRS—k

scenario the retailer’s unigque optimal price p, s given by
CRS=k(,) _ bv + bhk + hE bz(w — rv) , (18)
b—1 r(b—1)(z — A(2))
and the retailer’s optimal inventory factor z = zgRS_k is uniquely determined by
r(pgRsfk(z) —v—hF(z) =w—ro. (19)

Similarly, as under strategy M, the problems of optimizing the manufacturer’s
profit over the wholesale price can be transformed into the maximization over inven-
tory factor. Finally, we solve the following optimization problems. Under the CRS-k
contract scenario the optimal decisions can be obtained by solving

max MRSk (%),
2€[z0,B]

where TISF9=F is given by (17) with

p e pORS () = he(z = A(2)) + b(h* +v)(z — A(2) — 2F(2))
T (b—1)(z — A(2)) — bzF(2) ’

and

F(2)(z — A(2))(rh* + rhk + 1v)
(b—1)(z — A(2)) — bzF(2)

w = ngS_k(z) =rv+

k e {M,R}.

Remark 1. The SC coordination of the studied RS contracts under multiplicative
demand is similar to those given in [12] under additive demand or in [6] of RS contract

12



with no returns considered. Namely for the set of CRS-k, k € {M, R}, contracts with
w = re, v € (0,1) we obtain, IGES™F = (1 — r)II*. Then, the centralized channel
decisions are identical as those for the decentralized channel, and CRS-k contracts
coordinate the SC. Using the similar consideration, we obtain that the RS-M channel
could be coordinated only if K™ = 0 or r = 0 and the RS-R channel if hf* = 0
or v = 1. The sharing ratio v is also the share of the SC profit and of the revenue
and costs. Coordination under the CRS contract requires the wholesale price w = re,
which is below the production cost c. This lower wholesale price is compensated by the
manufacturer?s share of sales revenue and by sharing return handling costs with the
retailer. The CRS contract has the ability to coordinate the SC by incentivizing the
retailer to place larger orders and can enhance the overall efficiency of the SC more
effectively than the RS contract.

6 Numerical example

To illustrate the results of the proposed Stackelberg game, we conduct a numerical
study and sensitivity analysis. We use data from the electronics industry because
electronics and clothing have the highest rate of product returns comparing to other
industries. In electronics industry it is assumed that the return probability typically
ranges from 5% to 15%. Production cost is assumed at 40-60% of the retail price.
The return handling cost paid by retailer or manufacturer is estimated at 15-35% and
those paid by consumer at 5% of the retail price. The salvage value is about at 40%
of the retail price. Parameters of the multiplicative demand function are taken from
standard benchmarks in the OR literature [31, 32]. For simplicity, costs are normalized
such that 1 unit corresponds to 100EUR. To calibrate the baseline cost parameters, we
initially set the retail price to p = 2. This value is used only for calibration, because in
the optimization model p remains a decision variable and is determined endogenously.
Therefore, in our problem it is assumed that a = 100, b = 2.1, ¢ = 1, v = 0.8,
r = 0.4. Moreover, let us suppose that a = 0.1, h* = aH* = 0.04, h* = aH* = 0.01,
k € {M, R}. Finally, let us assume that e follows a uniform distribution on [0, 2].

According to the mathematical complexity of the optimal decisions we provide
a numerical analysis of the performance of SC with respect to the return handling
costs. Then, from (15) we get zp = 1.2903 and in consequence the profit functions
are optimized on [1.2903, 2]. In the beginning we assume that both strategies use the
same cost values. In such a case the difference between the strategy M and strategy R
will come from the contract itself not from a difference in costs. Obviously, with equal
costs, CRS-M and CRS-R contract scenarios give identical results.

The optimal solution to the centralized problem for the baseline parameter values
gives 2% = 1.7229, p* = 2.2834, ¢* = 30.15 and I1* = 18.7425, k € {M, R}, under both
strategies. Table 3 shows that decentralization reduces channel profit by about 4%,
since the channel efficiency is approximately 0.96, while the order quantity decreases
by roughly 37%. Although the CRS contract can achieve full coordination when w =
rc = 0.40, the manufacturer chooses w = 0.4626 in equilibrium, so full coordination is
not achieved.
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Table 3 Optimal decisions and profits at the baseline

Scenario z p w q Iy, Iyt eff
Centralized 1.7229 2.2834 — 30.15 — — 1

RS-M 1.6103 2.7514 0.4721 19.08 11.9750 5.9949  0.95878
RS-R 1.6568  2.7772 0.4489 19.25 12.0080 5.9866  0.96009

CRS-M,R 1.6288 2.7611 0.4626 19.16 11.9901 5.9938 0.95953

The most distinct patterns in wholesale price appear in Figures 4 and 5. Under
RS-M, the wholesale price rises with A, while under RS-R, it falls with hf*. These
two trends move in almost opposite directions, whereas under CRS, the wholesale
price curve is nearly flat. The reason lies in the profit functions. Under RS-M the
returns cost appears only in the manufacturer’s objective. The retailer’s problem and
best response do not depend on h,;, so only the manufacturer reacts by increasing the
wholesale price w. Under Theorem 2, in contract scenario RS-R the retailer pays the
cost and raises the retail price by bh*/(r(b—1)) per unit of hf. This is 1/r = 2.5 times
more than the centralized channel raises it with the term bh* /(b — 1) by Theorem 1.
The retail price thus exceeds the optimal level for the channel. To prevent excessive
retail markups and protect order quantity, the manufacturer responds by lowering the
wholesale price.

For the parameter values considered in Figures 6 and 7, the retail prices satisfy
pfsz > pgRS*k > pgsfM, k € {M,R}. The retail price increases with the return
handling cost in all scenarios, although the mechanism differs across contracts. Under
RS-M, the manufacturer reacts to a higher h™ by increasing the wholesale price, which
leads the retailer to increase the retail price. Under RS-R, the return cost hf* directly
affects the retailer’s decision and increases the retail price, while the manufacturer
responds by lowering the wholesale price. Consumer cost enters the demand function
through p + h* and is not included in the sharing rule, its effect is similar across the
scenarios and does not by itself explain the differences between them.

The inventory factor is below the centralized value z* in every case which is shown
in Figures 8 and 9. This is the usual under-ordering in a decentralized channel. Its
reaction to h¥ separates the strategies: zfj falls under RS-M, rises under RS-R and is
almost flat under CRS. Under RS-R, the lower wholesale price allows for a lower retail
price, which stimulates demand and pushes order quantities toward the centralized
level. At the same time under RS-M the higher price does the opposite.

Figures 10 and 11 show that channel efficiency changes only slightly with the return
handling cost and remains close to 0.96. For the baseline parameter values, and the
values of efficiency in specific contract scenarios in Table 3 we observe that, RS-R
has the highest efficiency in the baseline case, although the differences between the
scenarios are small.

For the baseline value r=0.4, Table 4 shows that the manufacturer prefers strategy
R, while the retailer prefers strategy M. Since the manufacturer is the Stackelberg
leader and chooses the return strategy, RS-R is selected, although the retailer would
prefer RS-M. The conflict depends on the sharing ratio r.

For the values of r considered in Table 4, the manufacturer benefits from changing
from strategy M to strategy R. In the baseline numerical example, below the threshold
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r* = 0.475, the retailer loses, leading to a conflict of interest. Above r*, both parties
gain, so strategy R Pareto-dominates strategy M. Under RS-R, the retailer incurs a
cost of h® = 0.04 per unit sold and receives a lower wholesale price in return. Because
the manufacturer sets this discount to maximize profit, it grows slowly with r. Below
r*, the discount does not cover the retailer’s additional cost.

Table 4 Impact of changing the return handling strategy under the RS contract

r nis-M - qis-R oA, nfS M pRS-F AL, Verdict

0.400 11.9750 12.0080  0.0330  5.9949 5.9866 —0.0084  manufacturer prefers R,
retailer prefers M
— conflict

0.475  10.8783 10.9077  0.0294  6.7727 6.7726 —0.0000 R indifferent

0.500  10.5249 10.5529 0.0281 7.0074 7.0097 0.0023 R Pareto-dominates M

Table 5 Effect of the sharing ratio under RS-R

. RS-k HR%'—R H(I;S—R eff RS—R qé%S—R
re

0.2 15.1823  3.3337 18.5160  0.9879 24.3924

0.4 12.0080 5.9866 17.9946  0.9601 19.2493

0.7  7.9348 8.4613 16.3960  0.8748 12.5342

An interesting case occurs when the retailer has a higher handling cost but provides
a more convenient return process for consumers. In Table 6 we see that although
the retailer has a higher returns handling cost, RS-R scenario gives a higher total
channel profit because the lower consumer return cost partly compensates for this
disadvantage. However, at the same time the retailer’s profit slightly decreases. Thus,
the return strategy that is better for the whole channel need not be preferred by the
party responsible for returns, which may create a need for contractual compensation.
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Fig. 6 Retail price, CRS-red, RS-blue

Under strategy M

Fig. 8 Inventory factor, CRS-red, RS-
blue

Under strategy M

Fig. 10 Efficiency, CRS-red, RS-blue

Under strategy R

Fig. 7 Retail price, CRS-red, RS-blue

Under strategy R

T

Fig. 9 Inventory factor, CRS-red, RS-
blue

Under strategy R

Fig. 11 Efficiency, CRS-red, RS-blue

7 Discussion and managerial implications

The main question of this study is whether product returns should be handled by the
manufacturer or by the retailer. The results show that there is no single strategy that
is always better. An important part of this study is therefore a broad numerical com-
parison of strategies M and R. We examine their effects on prices, inventory factors,
profits, and channel efficiency for different values of the sharing ratio and return costs.
Compared with the previous models discussed in this paper, the present study places
greater emphasis on the numerical comparison of the two return handling strategies.
This study is related to the models considered in [15], [13], [12], and [14]. The model



Table 6 Expected profits under

asymmetric return costs with A = 0.04,
hM =0.01, h® = 0.045, hF = 0.005

Strategy | IS~ mRSE pRs
M 119750  5.9949  17.9700
R 12.0098  5.9852  17.9950

in [15] investigates a wholesale-price contract with stochastic demand independent of
price. The articles [13] and [14] consider price-dependent demand under a wholesale-
price contract. In [12], RS and CRS contracts with returns are studied under additive
demand. In the present paper, the previously mentioned two contracts are considered
under multiplicative price-sensitive demand which changes the analytical form of the
problem. In particular, the retail and wholesale price functions have a vertical asymp-
tote, which does not occur in the additive-demand model considered in [12]. Therefore,
the feasible range of decisions in the manufacturer’s problem has to be restricted. This
result answers RQ1 and shows that the form of demand affects the structure of the
optimization problem.

The optimal wholesale price, retail price, and inventory factor depend on both
the contract and the return handling strategy. Under RS-M, a higher return handling
cost leads the manufacturer to increase the wholesale price. Under RS-R, the retailer
bears the return cost and increases the retail price, while the manufacturer responds
by lowering the wholesale price. Thus, the return cost affects the channel differently
depending on which party handles returns. These results address RQ2.

The numerical analysis also shows that the manufacturer and the retailer may
prefer different return handling strategies. For the baseline value r = 0.4, the man-
ufacturer prefers strategy R, while the retailer prefers strategy M. At r* = 0.475,
the retailer is approximately indifferent between the two strategies. Above this value,
strategy R benefits both parties and Pareto-dominates strategy M. Therefore, the
sharing ratio affects not only the division of revenue but also the conflict between the
channel members. These results answer RQ3.

The results for coordination answer RQ4. The RS contract does not coordinate the
SC when return handling costs are not shared. The CRS contract can coordinate the
channel when revenue and return handling costs are shared in the same proportion
and the wholesale price is set at w = rc. However, the manufacturer may choose a
different wholesale price in the Stackelberg equilibrium. In the baseline example, the
coordinating price is w = 0.4, while the manufacturer chooses w = 0.4626. Therefore,
the CRS contract can provide full coordination, but the equilibrium decisions do not
necessarily lead to it.

The numerical results also show that profit efficiency alone may not fully describe
the effect of decentralization. In the baseline case, decentralization reduces total chan-
nel profit by about 4%, while the order quantity decreases by about 37%. Thus, a
relatively small loss in profit may be accompanied by a much larger change in the
order decision. This may be important for firms concerned with capacity use, sales
volume, or market share.
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The analysis of asymmetric return costs gives another result concerning the choice
of the return handler. The party with the lower direct handling cost is not always the
better choice. A party with a higher handling cost may still be preferred if its return
process is more convenient for customers and the consumer return cost is lower. In the
numerical example, retailer-managed returns give a slightly higher total channel profit
even though the retailer has a higher direct handling cost. However, the retailer’s own
profit decreases. This shows that the strategy that is better for the whole channel may
not be preferred by the party responsible for returns.

Several managerial implications follow from these results. First, the choice between
manufacturer-managed and retailer-managed returns should be considered together
with the sharing ratio and return costs. Second, managers should consider not only the
direct cost of handling returns but also the cost faced by consumers. A more convenient
return process can support demand and may compensate for a higher direct handling
cost. Third, if the strategy that increases total channel profit reduces the profit of one
party, compensation may be needed to make this strategy acceptable to both parties.
The results also show that sharing return costs can improve coordination because the
division of costs becomes consistent with the division of revenue. However, the sharing
rule alone is not sufficient. Full coordination also requires an appropriate wholesale
price. Therefore, the sharing ratio, return cost allocation, and wholesale price should
be considered jointly when the contract is designed.

Summarizing, the study shows that the decision whether the manufacturer or the
retailer should handle returns depends mainly on the contract type, the sharing ratio,
and the return-related costs. Retailer-managed returns may be preferred when they
improve total channel profit or make returns easier for customers, but they may also
create a conflict between the channel members. Manufacturer-managed returns may be
preferred when the retailer’s return costs are high or when the retailer does not receive
enough benefit from taking responsibility for returns. Therefore, the return handling
strategy should be evaluated from both the channel and individual firm perspectives.

Future research could extend the model to SCs with multiple retailers, different
bargaining structures, or a dynamic setting. It could also use empirical data on return
costs and consumer return convenience to examine the results in different industries.

Appendix A Proofs of theorems

Proof of Theorem 1. By using %dk(p) = —l;l:g,’c), we get
dllg (p,2) _ d"(p)

dp ~ p+hE {(z = A2))(1 = b)p + (bv + bh* 4+ hF)) + bz(c — v)}.

k
By the first order condition dle(P:2) _ ) we obtain the formula (8) for optimal price

p¥(2). The solution p¥(z) is unique since the gradient of the linear function of p equal

k
to (z—A(z))(1—0) is negative. Hence the function of p is decreasing, and, dncdi(;’z) >0
for p < p¥(2) and %ﬁf’z) < 0 for p > p¥(2).
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k k k k
Now, let us find the optimal z. Note that dH“a(zp’z) = m%(zp’z) + (m%(;’z) % = 76H°5(Zp’z) .

Next, substituting formula (8) into formula (7) we get II¥(p, z) only in terms of z.
Namely, IT¥(p¥(z), z) = I1¥(z), which is a continuous and smooth function of z. Then,
k
the optimal decision z* is determined by the first order condition %Z(Z) = 0, which
implies (p*(z) —v — h*)F(z) — (c—v) = 0. The last equation determined the ordering
k
decision. Let us observe that sgn{ dn(f (z) l.=a} = sgn{pF(A) — ¢ — h*} > 0 and

z
k
sgnq dn(ff) l.=5} = sgn{—(c —v)} < 0. Moreover,

dItg(z) d*(p) B
PR 3y popy v oo R (A1)

where H(z) = (h* + b +v)(z — A(2))F(2) + bz(c — v)F — (b — 1)(c — v)(z — A(2)).
Hence, to prove the uniqueness of z. it suffices to show that the function H(z) has
only one z-intercept. We have H'(z) = F(2){(h* + h* +v)(F(z) — g(2)(z — A(2))) +
c—v—>blc—v)u(z))} and

H"(2)|m(z)=0 = —F(){(he + h* +0)(2f(2) + ¢/ (2)(2 = A(2))) + b(c — v)u/ (2)} <0,

by IFR property. Therefore, H(z) is unimodal, first nonnegative and then negative,
and crosses the z-axes only once. Since the first factor in A1 is positive, I1¥(2) increases
at A and decreases at B then there exists a unique maximum of IT¥(z). The proof is
complete. O

Proof of Theorem 2. The proof of that theorem is similar to the proof in the
centralized case.
O

of Theorem 3. Let L(z) be the numerator of p5°~(z) and M(z) be the denominator
of it equal to B
M(z)=((b—-1)(z = A(2)) — bzF(2).

Let zp be the solution to M(z) = 0. This solution is unique since:
M'(z) = F(z)(bu(2) — 1),

and
M"(2)|mr(2)=0 = F(2)bu'(z) > 0,

and, moreover, M(A) = —A < 0and M(B) =b—1 > 0. Hence for A > 0 the function
M (z) is first negative up to z = zg and then positive. Additionally, the numerator is
nonnegative since L'(z) > 0 and L(A) = h.A > 0 which implies the second statement
of the theorem. If A =0 then M’(A) = —1 < 0 therefore is still only one zero of M(z)
on the interval (A, B]. Note that when A = 0 the point z = 0 is a removable singularity
of pg‘S*M(z) rather than a point of discontinuity since lim,_ o+ p?sfM(z) = —hM.
Additionally, L(z) + h.M(z) > 0 which implies that pf°~*(2) + h, > 0 for z > 2z
and pgs_M(z) + he <0 for z < z9. The proof for the R strategy is similar. The proof
is complete. O
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of Theorem 4. The proof of that theorem is similar to the proof in the centralized

case. O
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