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'e interaction of a hybrid transshipment policy and customer switching behaviour will exacerbate the complexity of the structure
of a hybrid transshipment policy. To cope with this problem, a discrete-time dynamic programming model framework with
customer switching behaviour is developed. Based on this framework, we demonstrate that the retailer can obtain more profits
with a hybrid transshipment than without one. Next, the existence of a reactive and preventive transshipment policy is shown,
respectively. We further analyse the structural property of the holdback policy of reactive transshipment and give the threshold of
customer switching rate when always rejecting the request. Meanwhile, a dominant preventive transshipment policy is formulated
by which the retailer can control the inventory regardless of the influence of the preventive transshipment policy of the other as
long as the inventory is observed by developing an easy-to-implement optimal hybrid transshipment strategy. In addition, the
existence of an ordering Nash equilibrium of two retailers is proven. 'en, we also illustrate the existence of a transshipment area
and analyse the impact of the transshipment cost and switching rate on ordering, the hybrid transshipment policy, and profit by
using numerical examples. Finally, we find that the retailer is more willing to adjust inventory by ordering when there is a lower
transshipment price and adjust inventory by hybrid transshipment when there is a higher transshipment price.

1. Introduction

A demanding variety in the categories of perishable products
results in a higher uncertainty in the supply and demand for
these products. Subsequently, the production of perishable
products is usually too much (making these products
overstocked) or too little (leading to quickly running out of
their stocks). As a remedy to this problem, some retailers
attempted to adopt the strategy of reactive transshipment,
with an aim to establish a new paradigm, which came to be
known as one of “risk pooling.” However, the paradigm of
reactive transshipment suffers from serious limitations when
used to govern the response to customer needs. For instance,
when a situation in which a product is out of stock arises, a
significant delivery delay can occur due to this stockout even
if the demand is ultimately met. 'us, more and more
customers will impatiently give up because it takes longer

times to fulfil their demands through reactive transshipment
when a stockout occurs. A recently conducted survey that
dealt with more than 71,000 customers found that the
majority of customers are too impatient when stockouts take
place. In fact, only 15% of the surveyed customers prefer a
delayed purchase to no purchase at all [1]. To make matters
even worse, unsatisfied customers are likely to switch to
competitors when a stockout occurs. 'is customer
switching behaviour is not uncommon [2]. According to
Tierney [3], a survey by P&G finds that 50% of customers
may turn to other retailers when the original retailer ex-
periences a stockout. Verbeke and 'urilk [4] also note that
34% of the Coca-Cola customers simply switch to other
stores if the store they target first has no inventory. 'e
above survey also shows that 31% of unsatisfied customers
switch to a competitor when the exact sought products are
not found [1].
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'e reactive transshipment policy does not probably
provide a satisfactory response for customers who are im-
patient with stockouts. 'erefore, leading fashion designers,
such as ZARA and H&M, are trying to employ a preventive
transshipment so as to avoid most of the losses incurred by
the reactive transshipment [5, 6]. Typically, transshipment
can be categorized into two different transshipment policies,
namely, preventive transshipments (which tries to prevent
stockouts) and reactive transshipments (which avoids de-
livery delays when there is no shortage). Preventive trans-
shipment refers to sending a transshipment request to
another retailer to balance the inventory before customer’s
demand is met [7]. By contrast, reactive transshipment is
employed as a reactive action after satisfying the retailer’s
own demand. It involves making an emergency-supply re-
quest to be forwarded to another location that possesses
surplus inventory. 'erefore, a preventive transshipment
provides the retailer with a better ability to control the
inventory after the start of the selling season, allowing a
portion of the demand to be anticipated in advance, thereby
reducing some of the risks of a stockout and enabling the
retailer to collect more profits. In this work, we describe a
hybrid transshipment policy, which attempts to combine the
best features of the two types of transshipment. Such a
hybrid strategy can quickly cope with shortages by allowing
transshipments whenever needed. Meanwhile, the proposed
policy also seeks to balance the inventory between the
sending and receiving retailers to avoid a sharp shortage that
eventually leads to a stockout [8].

However, the structure of a hybrid transshipment policy
may be affected by customer switching. Moreover, the
complexity of the structure of a hybrid transshipment policy
is exacerbated by its interaction with the customer switching
behaviour. 'us, retailers should take these two important
factors into consideration before making ordering decisions.
Under such settings, a customer, who cannot obtain a de-
sired product from a specific retailer, may visit other retailers
in search for the desired product. Anticipating that some
customers may switch from out-of-stock retailers and that
retailers with a surplus typically face an inventory rationing
decision, we pose the following question: Is it optimal to
accept a request as long as there is available inventory, or is it
more profitable to deny the request and reserve some in-
ventory to avoid potential future stockouts? Since the profit
generated from selling a product to customers is often higher
than that from transshipment to another retailer, the retailer
with a surplus has an incentive to reserve some inventory for
potential switching demand in the future. And the number
of potential customers and the size of their demands are both
uncertain. Consequently, the surplus retailer also faces a risk
of reserving more inventory than ultimately needed. A
further complication results from the fact that the switching
demand may be influenced by the hybrid transshipment
decision. If a retailer with a surplus inventory reserves less
inventory by shipping more of the pertinent product to a
retailer suffering a shortage, more demands submitted to the
former retailer in the future might be unfulfilled and, thus,
more of this retailer’s customers may switch to other re-
tailers. 'erefore, we will explore how a hybrid

transshipment policy and retailers’ ordering decisions are
impacted by such customer switching behaviour. If a retailer
ends up having a surplus inventory after demand realization,
the surplus inventory may be sold at a higher price to
switching customers. On the other hand, a retailer with
inventory shortage may accept less transshipment because a
surplus retailer may reserve some inventory for switching-
customer demands.'erefore, the ordering decisions should
also be adapted accordingly. Our aim is to explore how
ordering decisions are made under customer switching
behaviour and a hybrid transshipment policy.

In particular, we are interested in investigating the
following research questions in this work:

(1) Do retailers always gain more profits in the presence
of a hybrid transshipment policy and customer
switching behaviour?

(2) What is the best transshipment policy for a firm with
a surplus inventory or a stockout? How is the
transshipment policy affected by the selling periods
and the inventories of the other retailers?

(3) Does an optimal ordering Nash equilibrium between
two retailers exist?

(4) How does the customer switching behaviour affect
the hybrid transshipment policy, the ordering
quantity, and the profits?

To address the aforementioned questions, a discrete
dynamic programming framework of two independent re-
tailers is developed to seek the optimal hybrid transshipment
policy and ordering policy with customer switching be-
haviour. In addition, simulations and experiments are de-
veloped for investigating how the optimal transshipment
policy, the ordering quantity, and the profits are affected by
the switching rate.

'e rest of this paper is organized as follows. Section 2
provides a brief review of the relevant literature, while
Section 3 states the problem description and assumptions
and presents our analysis framework. In Section 4, we
formulate a hybrid two-retailer transshipment model and
provide the associated hybrid transshipment policy. We
show in Section 5 the existence of an ordering Nash equi-
librium for two retailers, taking into consideration the hy-
brid transshipment policy and customer switching
behaviour. Section 6 explores numerically the relationship
among the optimal transshipment policy, the ordering
quantity, the profits, and customer switching behaviour.
Finally, conclusions are given in Section 7. Proofs for all of
our mathematical results are provided in the Appendix.

2. Literature Review

Extensive research work has been devoted to the study of
transshipment policies, which are typically categorized into
preventive and reactive transshipments. When the selling
season consists of two periods or more, retailers may develop
a preventive transshipment to face the risks of a stockout or
an overstock. Preventive transshipment policies, first in-
troduced by Gross [9], are used in a two-location system to
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optimize both of the ordering and redistribution decisions at
the beginning of the review period. Hoadley and Heyman
[10] considered the case when the preventive transshipment
is used before the selling season starts, and they provided
conditions and an algorithm for implementing the trans-
shipment. Rong et al. [11] proposed a two-periodmodel with
a preventive transshipment at the start of the second period
and proved the forms of the optimal replenishment and
transshipment policy. For a decentralized system, Liao et al.
[12] studied the optimal lateral transfer and replenishment
decisions, and a multistage stochastic model is established to
capture demand uncertainty and customer switching be-
havior. Dan et al. [13] developed a preventive transshipment
policy for two independent retailers that are dominated by
the manufacturer. Feng et al. [14] proved the existence and
uniqueness of the ordering Nash equilibrium and proposed a
more economical transshipment policy. Dehghani et al. [15]
considered the hospital can transship blood to other ones in
each review period in a network of hospitals and adopted
quasi-Monte Carlo sampling approach to conduct stability
tests.

An obvious limitation of the papers above is that they
focus on the two-period model of preventive transshipment,
while retailers practically implement preventive transship-
ments not only once but more often. Furthermore, Agrawal
et al. [16] find that, with increasing transshipment oppor-
tunities, retailers may obtain more profits. 'erefore, recent
research has focused on models with more than two periods.
To achieve this, Zhao et al. [7] built a dynamic-programming
cost-minimization model and demonstrated a decrease in
the optimal transshipment upper level as a function of the
inventory level. In addition, Roodbergen [17] rebalanced the
logistic costs and derived the optimal decisions for reba-
lancing and transshipment by stochastic dynamic pro-
gramming. Based on earlier work, Pang et al. [18] showed
that the optimal ordering policy is characterized by a reorder
point, while the optimal rationing policy is characterized by
time-dependent rationing levels. Feng et al. [19] formulated
a Markov decision process to figure out the timing and
quantity of preventive transshipment decisions in a multi-
location inventory system when both transshipments and
emergency orders are available. Van Wijk et al. [20] con-
sidered an inventory model in which demands can be ful-
filled from a transshipment. 'ey used dynamic
programming to show that a threshold-type policy is the best
transshipment policy. Aiming at the inventory routing
problem with transshipment and substitution under sto-
chastic demand, a mixed-integer linear programming model
is proposed. In order to solve this problem, Feaa et al. [21]
use the sample average approximation method. 'e objec-
tive is to minimize the cost of holding inventory, trans-
portation (including regular shipment and transshipment),
and substitution and sales losses. However, they did not
explore the relationships among the transshipment policy,
inventory levels, and selling periods in a multiperiod setting.

Most literatures concentrate on reactive or preventive
transshipment. In a paper of Paterson et al. [22], we can find
there are only four literatures about hybrid transshipment
before 2011. As far as we know, only a few studies have

begun to consider hybrid transshipment in recent years. In
the paper of Teunter et al. [23], a hybrid method is proposed
for the first time, which regards transshipment as an op-
portunity for stock redistribution. 'e system cost can be
reduced, and the efficiency of the transportation process is
improved by this hybrid transshipment. Under a continuous
review replenishment system, Paterson et al. [24] analysed
the first “hybrid” transshipment policy, which seeks to
ensure the interests of both by strengthening the traditional
reactive approach. Glazebrook et al. [25] pointed out that
hybrid transshipment made up for the shortcomings of
reactive or preventive transshipment. On the one hand,
preventive transshipment takes advantage of economies of
scale and reduces the risk of future shortage; on the other
hand, reactive transshipment ensures that demand is met
immediately upon arrival. Nakandala et al. [26] developed
hybrid transshipment that can optimize the cost of back-
ordering and hybrid transshipment policy with considering
the trade-off between purchasing, holding, and backorder
cost.

Moreover, the structure of a hybrid transshipment policy
is typically affected by customer switching behaviour. 'e
interaction between the transshipment policy and customer
switching behaviour exacerbates the complexity of the
structure of a transshipment policy. 'erefore, retailers
should take both factors into consideration. Zhao and Atkins
[27] explored how transshipments between competing re-
tailers affect their transshipment policies with a fraction of
the unsatisfied customers turning to the competitors for a
substitute. Liao et al. [28] proposed a centralized model for
comparing the strategies of emergency ordering and lateral
transshipments under customer switching behaviour. In
contrast, Li et al. [29] have considered random switch rates,
which led to a more general model that is closer to the real
world. Departing from Liao et al. [28], Zhang et al. [30]
constructed a model considering the coexistence of trans-
shipment and inventory competition. Some customers may
still turn to its competitors even if a retailer that is out of
stock provides transshipment service, whereas Liao et al.
[28] assumed there exists no inventory competition between
the retailers; in other words, there is no customer switching
among them. Based on this, Silbermayr [31] developed a
framework of multiple retailers. Different from these, Yang
et al. [32] proposed cooperative and uncooperative inven-
tory strategies in a dual-channel system with customer
switching. 'ey proved the existence and uniqueness of a
Nash equilibrium under both strategies, and they also in-
vestigated the effects of the transshipment cost and the
channel substitution rate on the optimal order quantities
under each inventory strategies. However, they focused on a
one-time transshipment at each replenishment cycle, thus
limiting the exploration of the impact of the customer
switching behaviour on transshipment policies. To address
these issues, Cömez et al. [33] investigated how a retailer
rejects or accepts a transshipment request from a competing
retailer when unsatisfied customers switch and showed that
optimal transshipment policies are dynamic and chrono-
logically nonincreasing. In addition, Fan et al. [34] con-
structed inventory models for dual-channel supply chains in
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which inventory competition is induced by customer shifts,
while inventory cooperation emerges from transshipment
policies. 'ey found the equilibrium-state probability for
on-hand inventory. However, one assumption is that one
retailer is out of stock, while another retailer is overstocked.
'is assumption cannot fully reflect the preventive trans-
shipment characteristics of reducing the potential stockout
risk. Hence, Cömez et al. [33] and Fan et al. [34] cannot solve
the problem that customers who are unsatisfied with
stockouts may switch to other retailers.

To summarize, two points distinguish our present work
from other approaches:

(1) Our work is the first attempt to examine the rela-
tionship between the hybrid transshipment policy
and the customer switching behaviour in a decen-
tralized system. 'e interaction between these two
factors is known to exacerbate the complexity of the
structure of a transshipment policy. We model this
interaction and stress the importance of taking these
two factors into consideration before making an
ordering decision.

(2) Our work derives and characterizes the optimal
hybrid transshipment policy structure with customer
switching behaviour. To achieve this, we employ
stochastic dynamic programming to model this in-
ventory problem as a dynamic decision problem and
describe the optimal policy structure as a threshold-
type policy.

3. Problem Description and Assumptions

We consider here two independent retailers who sell a
perishable product of the same type during the selling season
in two independent dispersed markets. At the beginning of
the sales season, the two retailers simultaneously decide their
respective order quantities Qi (i � 1, 2) with no knowledge of
future demands. Once the sales season begins, replenish-
ment is prohibited throughout the sales season as the
procurement lead time well exceeds the selling season time
span. 'e selling season is finite and is divided into equal-
length N periods. 'rough this time division, each cycle is
very short, and there can only be at most one unit demand
per cycle. If such a unit demand exists, it will be submitted to
exactly one of the two retailers. For each period, demands
arrive, respectively, at retailers 1 or 2 following homoge-
neous Poisson’s processes with arrival rates of λ1 and λ2,
where 0≤ λ1 + λ2 ≤ 1. Based on the literature, each arrival
represents a single customer who purchases at most one unit
of the pertinent product [20, 33]. According to the agreed-
upon definition, the first retailer (retailer i or retailer 1) is
referred to as “he,” while the second retailer (retailer j or
retailer 2) is referred to as “she.”

'e first retailer (retailer i) has three options when he
receives a demand. 'e first option is that the retailer fulfils
the demand by his own stock if there is positive on-hand
inventory. 'e second option is a transshipment, which
means that a unit is transshipped from retailer j (j � 3 − i) if

she has positive on-hand inventory. 'e third option is that
the retailer rejects the customer. 'is may lead this unsat-
isfied customer to turn to retailer j with a switching rate
θi ∈ [0, 1]. Otherwise, the unsatisfied customer will leave the
market of these two independent retailers with a probability
1 − θi, thereby redirecting the demand to an external market.
Until the end of the selling season, the number of remaining
periods is denoted by k, k � N, N − 1, . . . , 1, and the ordered
products arrive before the period k � N. 'e sequence of the
events at the selling period k is as follows:

Step 1. At the beginning of the selling season, set k � N.
'e two retailers decide simultaneously their individual
order quantities Qi with a unit cost w and without
beforehand demand knowledge.
Step 2.1. When a demand arrives at the retailer i at
period k(k> 1), he may fulfil the demand with his on-
hand inventory if he has positive on-hand inventory,
may send a transshipment request to retailer j, or may
reject the customer if he experiences a stockout. 'e
retailer’s goal in deciding which of the three options to
choose is to maximize his profit. Retailer i earns a per-
unit selling price p

i
if he fulfils the demand by himself.

For the second option, retailer j will reply to a
transshipment request by making a comparison of the
profits she obtains when she accepts or rejects the
request. Retailer j can earn the predetermined trans-
shipment price pt if she accepts the request. Retailer i

incurs a per-unit transport cost ct, a delay cost ni, and
the cost of the transshipment price pt given to retailer j.
'e unsatisfied customer switches to retailer j with a
probability θi or leaves the market of these two inde-
pendent retailers with a probability 1 − θi if retailer j

also rejects the request. A per-unit shortage cost mi is
incurred by retailer i if he rejects the customer.
Step 2.2. When a demand arrives at retailer j at period
k, and if she sends a transshipment request to retailer i,
retailer i accepts or rejects the request by making a
comparison of the profits he obtains. Retailer i earns a
per-unit transshipment price pt if he accepts the re-
quest. Otherwise, he earns a per-unit selling price p

i
if

he fulfils the unsatisfied demand from retailer j.
Step 2.3. When no demand arrives at either of the
retailers in period k, retailer i makes a decision whether
to keep the inventory unchanged and send a request of
transshipment to retailer j to transship a unit in or
transship a unit out.
Step 3. At the end of the selling season, if there is an
excess inventory, then this inventory is salvaged with a
unit salvage value of si.

As well, other assumptions are made in this work. We
assume pt + ct + ni ≤pi + mi and pt ≥w≥ si. 'e former
assumption ensures that transshipping in a unit is beneficial.
'e latter assumption ensures that transshipping out a unit
is beneficial and that there is no opportunity for the arbitrage
by salvaging the product.
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4. Hybrid Transshipment Policy

4.1. Model Formulation. In this section, we build a dynamic
programming model that we utilize to optimize the hybrid
transshipment and ordering policy, thereby solving the
problem described in Section 3. We denote the state of the
system by x � (x1, x2), where x1, x2 are nonnegative inte-
gers that indicate the inventory levels for the two retailers,
respectively, where 0≤x1 ≤Q1, 0≤ x2 ≤Q2. 'e state space S

described by x covers all possible inventory level combi-
nations: S � 0, 1, . . . , Q1􏼈 􏼉 × 0, 1, . . . , Q2􏼈 􏼉. Uniformization
[35] is applied to convert the decision problem from the
semi-Markov type into the equivalent Markov-type one. For
making a decision, the direct and future expected revenues

should be taken into account. For a given state, we measure
the expected profits using the value function, vi

k(x1, x2),
which is the maximum expected total profit when there are k

remaining periods starting in state (x1, x2) ∈ S. For the
whole selling season, three events may occur. At most, one
demand unit arrives at either retailer 1 or retailer 2. For the
convenience of reading, we have listed the parameters in
Table 1.

Without loss of generality, we take retailer 1 as an ex-
ample to develop the state-transition model. 'e inventory
levels and the remaining selling periods are described by a
three-dimensional vector. 'erefore, the formulation of this
process can be expressed as follows:

v
1
k x1, x2( 􏼁 � λ1H1v

1
k−1 x1, x2( 􏼁 + λ2H2v

1
k−1 x1, x2( 􏼁 + 1 − λ1 − λ2( 􏼁H3v

1
k−1 x1, x2( 􏼁, (1)

where H1v
1
k−1(x1, x2), H2v

1
k−1(x1, x2), and H3v

1
k−1(x1, x2)

are the operators of the expected profits of the three events.
'ese operators are defined by equations (2)–(5), respec-
tively. 'e first operator is defined as

H1v
1
k−1 x1, x2( 􏼁

�

p1 + max −w + v
1
k−1 x1 − 1, x2( 􏼁, −pt − ct + v

1
k−1 x1, x2 − 1( 􏼁 + M􏽨 􏽩Ι21,k−1 − M􏽮 􏽯, x1 ≥ 1, x2 ≥ 1,

p1 − w + v
1
k−1 x1 − 1, x2( 􏼁, x1 ≥ 1, x2 � 0,

max p1 − pt − ct − n1 + v
1
k−1 x1, x2 − 1( 􏼁 + M􏽨 􏽩Ι22,k−1 − M, θ1v

1
k−1 x1, x2 − 1( 􏼁 + 1 − θ1( 􏼁v

1
k−1 x1, x2( 􏼁 − m1􏽮 􏽯, x1 � 0, x2 ≥ 1,

v
1
k−1 x1, x2( 􏼁 − m1, x1 � 0, x2 � 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(2)

where M is a very large real number, which satisfies the
condition M≫ max v1k(x1, x2), v2k(x1, x2)􏼈 􏼉 for all k and
(x1, x2) ∈ S. In the first condition x1 ≥ 1, x2 ≥ 1, a preventive
transshipment from retailer 2 to retailer 1 can occur. In the

third condition x1 � 0, x2 ≥ 1, a reactive transshipment from
retailer 2 to retailer 1 can occur.'e indicator variables I21,k−1
and I22,k−1 are defined by

I
2
1,k−1 �

1, v
2
k−1 x1, x2 − 1( 􏼁 − v

2
k−1 x1 − 1, x2( 􏼁≥ − pt + w,

0, otherwise,

⎧⎨

⎩

I
2
2,k−1 �

1, pt − w + v
2
k−1 x1, x2 − 1( 􏼁≥ θ1 p2 − w + v

2
k−1 x1, x2 − 1( 􏼁􏼐 􏼑 + 1 − θ1( 􏼁v

2
k−1 x1, x2( 􏼁,

0, otherwise.

⎧⎨

⎩

(3)

'e formula in (2) represents the expected profit of
retailer 1 when he receives a demand with an arrival rate λ1
in the selling period k. Retailer 1 has an optimized inventory
at the beginning of this period, and it is impossible to
transship one unit out if he has satisfied the demand of one
unit. 'erefore, the decision of transshipping in one product
unit from retailer 2 has been made after fulfilling one unit of
demand in the state x1 ≥ 1, x2 ≥ 1. And retailer 2 must accept
the transshipment request of retailer 1, when the
inequality v2k−1(x1, x2 − 1) − v2k−1(x1 − 1, x2)≥ − pt + w

holds. Otherwise, the inventory of retailer 1 remains un-
changed. For the state x2 � 0, he cannot adjust the inventory
because retailer 1 cannot transship in one unit. When the
inventory status of the two retailers is x1 � 0, x2 ≥ 1, retailer
1 can fulfil the demand by transshipping in one unit if
retailer 2 accepts the transshipment request; that is, the
inequality pt − w + v2k−1(x1, x2 − 1)≥ θ1(p2 − w + v2k−1
(x1, x2 − 1)) + (1 − θ1)v2k−1(x1, x2) holds. Retailer 1 incurs a
delay cost n1. Otherwise, a per-unit shortage cost m1 is
incurred by retailer 1. 'e second operator is defined as
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H2v
1
k−1 x1, x2( 􏼁

�

max v
1
k−1 x1, x2 − 1( 􏼁, pt − w + v

1
k−1 x1 − 1, x2( 􏼁 + M􏽨 􏽩Ι23,k−1 − M􏽮 􏽯, x1 ≥ 1, x2 ≥ 1,

max pt − w + v
1
k−1 x1 − 1, x2( 􏼁, θ2 p1 − w + v

1
k−1 x1 − 1, x2( 􏼁􏼐 􏼑 + 1 − θ2( 􏼁v

1
k−1 x1, x2( 􏼁􏽮 􏽯, x1 ≥ 1, x2 � 0,

v
1
k−1 x1, x2 − 1( 􏼁, x1 � 0, x2 ≥ 1,

v
1
k−1 x1, x2( 􏼁, x1 � 0, x2 � 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(4)

'e indicator variable I23,k−1 is defined by I23,k−1 �

1, v
2
k−1(x1 − 1, x2) − v

2
k−1(x1, x2 − 1)≥pt + ct − w

0, otherwise
.􏼨

'e formula in (4) represents the expected profit of
retailer 2 when she receives a demand with arrival rate λ2 in
the selling period k. Retailer 2 has an optimized inventory at
the beginning of this period, and it is also impossible to
transship out (a preventive transshipment) the product if she
has satisfied the demand of one unit. 'erefore, the decision
to transship out one product unit to retailer 1 has been made
after receiving a transshipment request from retailer 1 in the

state x1 ≥ 1, x2 ≥ 1. For the state x1 � 0, retailer 2 cannot
adjust the inventory because retailer 1 cannot transship out
one unit of product. For the two retailers, when the in-
ventory status is x1 ≥ 1, x2 � 0, retailer 2 must send a
transshipment request (a reactive transshipment) to retailer
1 because there has no inventory for her to satisfy the de-
mand. Further, retailer 1 will make a decision whether to
accept or reject the transshipment request by making a
comparison of the profits he obtains because there is enough
surplus inventory to meet the switching demand from re-
tailer 2. 'e third operator is defined as

H3v
1
k−1 x1, x2( 􏼁

�

max v
1
k−1 x1, x2( 􏼁, −pt − ct + w + v

1
k−1 x1 + 1, x2 − 1( 􏼁 + M􏽨 􏽩I

2
4,k−1 − M, pt − w + v

1
k−1 x1 − 1, x2 + 1( 􏼁 + M􏽨 􏽩Ι25,k−1 − M􏽮 􏽯, x1 ≥ 1, x2 ≥ 1,

max v
1
k−1 x1, x2( 􏼁, −pt − ct + w + v

1
k−1 x1 + 1, x2 − 1( 􏼁 + M􏽨 􏽩Ι26,k−1 − M􏽮 􏽯, x1 � 0, x2 ≥ 1,

max v
1
k−1 x1, x2( 􏼁, pt − w + v

1
k−1 x1 − 1, x2 + 1( 􏼁􏽮 􏽯, x1 ≥ 1, x2 � 0,

v
1
k−1 x1, x2( 􏼁, x1 � 0, x2 � 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(5)

'e indicator variables I24,k−1, I
2
5,k−1, and I26,k−1 are defined

as follows:

Table 1: List of notations.

λi Arrival rates of retailer i

Qi Order quantities of retailer i

θi Switching rate of retailer i

p
i

Selling price of retailer i

k Number of remaining periods
w A unit cost of ordering
ct Transport cost of retailer i

ni Delay cost of retailer i

mi Shortage cost
pt Predetermined transshipment price of retailer i

si Salvage value of retailer i

xi Inventory levels of retailer i

S 'e state space
vi

k(x1, x2) Maximum expected total profit when there are k remaining periods starting in state (x1, x2) ∈ S

POTi
k(xj) Transshipment lower levels for retailer i

PITi
k(xj) Transshipment upper levels for retailer i
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I
2
4,k−1 �

1, v
2
k−1 x1 + 1, x2 − 1( 􏼁 − v

2
k−1 x1, x2( 􏼁≥ − pt + w,

0, otherwise,

⎧⎨

⎩

Ι25,k−1 �
1, v

2
k−1 x1 − 1, x2 + 1( 􏼁 − v

2
k−1 x1, x2( 􏼁≥pt − w + ct,

0, otherwise,

⎧⎨

⎩

Ι26,k−1 �
1, v

2
k−1 x1 + 1, x2 − 1( 􏼁 − v

2
k−1 x1, x2( 􏼁≥ − pt + w,

0, otherwise.

⎧⎨

⎩

(6)

'e formula in (5) represents the expected profits of
retailer 1 when no demand arrives at the selling period k.
Retailer 1 can choose to keep the inventory unchanged and
send a transshipment request to transship in or out one unit.
Except the fourth condition x1 � 0, x2 � 0, a preventive
transshipment from retailer 2 to retailer 1 or from retailer 1

to retailer 2 can occur. However, retailer 2, while deter-
mining how to obtain her maximum profit, must either
accept or reject the transshipment request.

For k � 1, besides the sale, the excess inventory is sal-
vaged. In this case, the expected profit of retailer 1 is given by

v
1
1 x1, x2( 􏼁

�

λ1 p1 − w + s1 − w( 􏼁 x1 − 1( 􏼁􏼂 􏼃 + 1 − λ1( 􏼁 s1 − w( 􏼁x1, x1 ≥ 1, x2 ≥ 1,

λ1 p1 − w + s1 − w( 􏼁 x1 − 1( 􏼁􏼂 􏼃 + 1 − λ1 − λ2( 􏼁 s1 − w( 􏼁x1

+ λ2 max pt − w + s1 − w( 􏼁 x1 − 1( 􏼁, θ2 p1 − w + s1 − w( 􏼁 x1 − 1( 􏼁( 􏼁 + 1 − θ2( 􏼁 s1 − w( 􏼁x1􏼈 􏼉,
x1 ≥ 1, x2 � 0,

λ1 max p1 − pt − ct − n1 + M( 􏼁I
2
7,1 − M, −m1􏽮 􏽯, x1 � 0, x2 ≥ 1,

−λ1m1, x1 � 0, x2 � 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(7)

'e indicator variable I27,1 is defined by

I
2
7,1 �

1, pt ≥ θ1p2 + 1 − θ1( 􏼁s2,

0, otherwise.
􏼨 (8)

4.2. Benefits from theHybridTransshipment Policy. A retailer
always prefers selling the products to transferring the order
to another retailer when a hybrid transshipment is not

allowed.'erefore, such a retailer will have no impact on the
other retailer when a customer arrives. However, when a
customer arrives at the other retailer, the first retailer can
meet the switching demand if he has enough surplus in-
ventory while another retailer stocks out. Without loss of
generality, we take retailer 1 as an example to develop the
formulation for this process when there is no transshipment
as follows:

v
N1
k x1, x2( 􏼁 � λ1H1v

N1
k−1 x1, x2( 􏼁 + λ2H2v

N1
k−1 x1, x2( 􏼁 + 1 − λ1 − λ2( 􏼁v

N1
k−1 x1, x2( 􏼁, (9)

where H1v
N1
k−1(x1, x2) and H2v

N1
k−1(x1, x2) are the expected

profit operators defined by the following formulas:

H1v
N1
k−1 x1, x2( 􏼁 �

p1 − w + v
N1
k−1 x1 − 1, x2( 􏼁, x1 ≥ 1,

θ2v
N1
k−1 x1, x2 − 1( 􏼁 + 1 − θ2( 􏼁v

N1
k−1 x1, x2( 􏼁 − m1, x1 � 0, x2 ≥ 1,

v
N1
k−1 x1, x2( 􏼁 − m1, x1 � 0, x2 � 0,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(10)

H2v
N1
k−1 x1, x2( 􏼁 �

v
N1
k−1 x1, x2 − 1( 􏼁, x2 ≥ 1,

θ2 p1 − w + v
N1
k−1 x1 − 1, x2( 􏼁􏼐 􏼑 + 1 − θ2( 􏼁v

N1
k−1 x1, x2( 􏼁, x1 ≥ 1, x2 � 0,

v
N1
k−1 x1, x2( 􏼁, x1 � 0, x2 � 0.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(11)
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'e formula in (10) represents the expected profit of
retailer 1 at period k when a customer is received. 'e
formula in (11) shows the profit of retailer 1 when a

customer is received at retailer 2. At period k � 1, since the
inventory cannot be adjusted at this period, the expected
profit is defined by

v
N1
1 x1, x2( 􏼁 �

λ1 p1 − w + s1 − w( 􏼁 x1 − 1( 􏼁􏼂 􏼃 + 1 − λ1( 􏼁 s1 − w( 􏼁x1, x1 ≥ 1, x2 ≥ 1,

λ1 p1 − w( 􏼁 + s1 − w( 􏼁 −λ1 + x1 − θ2λ2( 􏼁 + λ2θ2 p1 − w( 􏼁, x1 ≥ 1, x2 � 0,

−λ1m1, x1 � 0.

⎧⎪⎪⎨

⎪⎪⎩
(12)

'e question whether a hybrid transshipment policy is
more profitable for the two retailers is addressed by'eorem 1.

Theorem 1. If pt ∈ [w, pi + mi − ct − ni], more profits can be
collected with a hybrid transshipment policy compared to the
case of no such policy.

'eorem 1 indicates that more benefits can be extracted
from a hybrid transshipment policy than the nontransship-
ment strategy; when the transshipment price is within a certain
range, this motivates the two retailers to transship in or out one
unit. On the one hand, the two retailers can react to the
shortage by implementing a reactive transshipment. Moreover,
this customer switching behaviour makes the retailer obtain
more profit than without switch. On the other hand, the two
retailers can balance the inventory even if there is no demand,
hence providing an additional tool to match the supply and
demand. 'erefore, the two retailers can benefit from the
implementation of a hybrid transshipment policy. Meanwhile,
'eorem 1 also indicates that whether two retailers can obtain
more profits has no relation with customer switching rate
although the switch makes the retailer collect more profits.

4.3. Reactive Transshipment Policy. Recall that when there is
no inventory, it is optimal to directly use a reactive trans-
shipment to meet demand. 'erefore, a retailer will send a
transshipment request to the other retailer if a retailer is
stocked-out upon a customer demand during the selling
season. However, the other retailer cannot always accept the
transshipment request due to the anticipated demand of the
remaining periods, even if she has available on-hand in-
ventory because she would only obtain transshipment
revenue, which is lower than the regular selling price. Hence,
she must make a trade-off between the transshipment
revenue and the expected revenue from the anticipated sale.
'e critical inventory level above which she decides to share
her inventory is called the holdback level. 'is parameter
limits the quantity of the outgoing reactive transshipments
and indicates that the level of the inventory is held back from
a reactive transshipment request. 'us, we call this policy a
holdback policy [20].

Theorem 2. For xj � 0, there is a holdback policy, which is
best for retailer i. 2e holdback level is defined by

ROT
i
k � min xi : v

i
k xi, 0( 􏼁 − v

i
k xi − 1, 0( 􏼁≤

pt − w − θj pi − w( 􏼁

1 − θj

􏼨 􏼩, (13)

where ROTi
k is nondecreasing in the number of remaining

periods for all ROTi
k ∈ 3, 4, . . . , Qi􏼈 􏼉. If θj > (pt − si)

/(pi − si), retailer i will always reject the request of retailer j.

'eorem 2 specifies the existence of the holdback policy
and the monotonicity of the holdback level in each decision
period. 'e retailer should transship out the product when
there is more inventory or fewer periods remaining. For better
understanding of this trade-off, we define
Δi

k(xi) � vi
k(xi, 0) − vi

k(xi − 1, 0), which denotes themarginal
benefit of holding a unit of inventory for retailer i when xj � 0.
Intuitively, when the inventory level is higher for retailer i, the
marginal benefit of an inventory unit is the same or lower.
'erefore, Δi

k(xi) is nonincreasing in xi, which demonstrates
that there is a holdback level to accept/reject retailer j. 'e
holdback level monotonicity implies that the retailer has higher
marginal revenue to reject requests early in the sales season.
'erefore, the retailer should transship out the product when
there are fewer periods left in the whole sale season. A

transshipment strategy is based on the trade-off between
selling an inventory unit and keeping it for a potential
product sale.'erefore, the retailer will reject the request of
transshipping in one unit when the switching rate is higher
for the other retailer to wait for a potential higher direct
customer sale. When the switching rate is large enough, the
retailer will always reject the request.

4.4. Preventive Transshipment Policy. A preventive trans-
shipment can be implemented by a retailer to adjust the
inventory in some periods when there is no demand for the
two retailers. 'ere is no preventive transshipment decision
to adjust the inventory at the decision period k � 1. Simi-
larly, the retailer cannot transship in the product with the
inventory xi � Qi, while it is impossible to transship out one
unit with the inventory xi � 0. 'erefore, an inventory
control policy specifies the transshipment upper and lower
levels at any period (except k � 1) and any inventory level
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(except xi � Qi and xi � 0). 'e following theorem for-
malizes this concept.

Theorem 3. For k≥ 2, for the inventory of retailer j,
xj ∈ 1, 2, . . . , Qj􏽮 􏽯, some transshipment upper levels

PITi
k(xj) ∈ 0, 1, 2, . . . , Qi − 1􏼈 􏼉 exist for retailer i. Similarly,

for the inventory of retailer j, xj ∈ 0, 1, 2, . . . , Qj − 1􏽮 􏽯, some
transshipment lower levels POTi

k(xj) ∈ 1, 2, . . . , Qi􏼈 􏼉 exist
for retailer i. PITi

k(xj) and POTi
k(xj) are given by

PIT
i
k xj􏼐 􏼑 � max xi : v

i
k xi + 1, xj − 1􏼐 􏼑 − v

i
k xi, xj􏼐 􏼑≥pt + ct − w􏽮 􏽯, (14)

POT
i
k xj􏼐 􏼑 � min xi : v

i
k xi − 1, xj + 1􏼐 􏼑 − v

i
k xi, xj􏼐 􏼑≥ − pt + w􏽮 􏽯. (15)

'eorem 3 indicates that there is an inventory control band
composed of the thresholds of the transshipment upper and
lower levels to decide whether transshipments should be made
between the retailers. For each period and each inventory level,
critical inventory thresholds exist. 'ese thresholds divide the
set into up to three subsets. Once customer demand is received,
it is best to send a transshipment-in request to the other retailer
only if the inventory level is equal to or lower than the upper
level of transshipment. Meanwhile, it is optimal to send a
transshipment-out request to the other retailer only when the
inventory level is at or above the transshipment upper level.
Otherwise, it is optimal to do nothing when the inventory lies
between the transshipment upper and lower levels.We have the
following proposition.

Proposition 1. For k≥ 2, the optimal hybrid transshipment
policy is a threshold-type dominant-equilibrium policy. Retailer i

should transship in one unit from retailer j if the inventory level
satisfies 0≤xi ≤PITi

k(xj). Retailer i should transship out one
unit from retailer j if the inventory level satisfies
POTi

k(xj)≤ xi ≤Qi. Otherwise, retailer i does nothing.

Proposition 1 demonstrates that the preventive transship-
ment between two retailers can be controlled through a simple
decision rule comparing the on-hand and the critical inventory
levels. 'e preventive transshipment policy of a certain retailer
is neither related to the demand of the other retailer before this
period, nor is it related to the preventive transshipment policy
adopted by the other retailer. 'erefore, the retailer can control
the inventory by the inventory control band composed of the
thresholds of the transshipment upper and lower levels without
considering the impact of the preventive transshipment policy
of the other retailer when observing the inventory of the other
retailer at each period. 'e two thresholds of the preventive
transshipment strategy play a key role in the transshipment
process. Obtaining the structural threshold properties is nec-
essary for characterizing the optimal transshipment policy.
'ese properties are stated in the following proposition.

Proposition 2. When k≥ 2, PITi
k(xj + 1)≤PITi

k(xj),
POTi

k(xj + 1)≤POTi
k(xj).

Proposition 2 shows that the retailer is not willing to
transship in one unit due to the smaller transshipment upper
level when there are more inventory units for the other

retailer at each period. It is easy to transship in one unit
when there are more inventory units for the other retailer.
'erefore, the risk of excessive inventory at the end of a
period can be avoided by postponing the transshipment.'e
retailer must transship in one unit in advance to avoid the
risk of stockout because the other retailer will most likely
reject the request when there is less inventory.

'e retailer is prone to transship out the inventory due to the
smaller transshipment lower level when there is more inventory
for the other retailer at each period because the retailer prefers to
transship out one unit to avoid the risk of the excessive inventory
at the end of the period. 'is transfers the risk to the other
retailer when there is more inventory for the other retailer.

Proposition 2 also demonstrates that a preventive
transshipment is not only a strategic choice to reduce the risk
of a stockout, but it is also a strategic option to avoid the
leftover inventory risk.'e retailer can control the inventory
by implementing a preventive transshipment. It is optimal to
transship in one unit to avoid the risk of a stockout when
there is less inventory for the other retailer and transship out
one unit to avoid an overstock risk when there is more
inventory for the other retailer.

A preventive transshipment policy ensures that each
retailer can control his/her inventory with the prespecified
transshipment upper and lower levels after observing the
other retailer’s inventory. At each selling period, the retailer
will transship in one unit as long as the on-hand inventory is
less than the transshipment upper level and transship out
one when the on-hand inventory is more than the trans-
shipment lower level without considering how the other
retailer implements a preventive transshipment policy. In
addition, preventive transshipment plays a role in reducing
the risk of a stockout or an overstock by transshipping in or
transshipping out the product in advance or after a period of
time. After obtaining the retailer’s preventive transshipment
policy, the relationship between transshipments and or-
dering needs should be analysed further. 'erefore, in the
next section, we will analyse the retailer’s ordering policy.

5. Ordering Policy

'e implementation of a hybrid transshipment policy allows
inventory sharing between the two retailers. 'is reveals a
strategic substitute relation between the two retailers re-
garding the ordering quantities.'at is, the optimal ordering
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quantity of one retailer is not only related to the ordering
quantity of the other retailer, but also related to the optimal
hybrid transshipment policy of the two retailers at the be-
ginning of the selling season. 'erefore, we need to inves-
tigate further the existence of ordering Nash equilibrium
with a hybrid transshipment policy.

Theorem 4. 2ere is at least one Nash equilibrium for or-
dering quantities for two retailers.

'eorem 4 shows that, due to the transshipment, there is
a strategic substitute relationship of the ordering quantity
between two retailers. In fact, the transshipment enables
inventory sharing, mitigates the effects of the demand un-
certainty, and helps to amend fluctuations of target in-
ventory caused future demand uncertainty. In addition, the
transshipment can not only fill stockouts but can also help
retailers to balance their inventories. However, 'eorem 4
does not guarantee the uniqueness of the Nash equilibrium
for the ordering quantities of the two retailers. 'is is be-
cause a different hybrid transshipment policy results in
different transshipment lower and upper levels, which
further cause a different optimal order quantity.

6. Numerical Analysis

'e numerical experiments explore the existence of a
transshipment area with a switching rate and further analyse
the impact of the transshipment cost, switching rate, and
arrival rate on the ordering quantity, transshipment policy,
and profit. 'roughout these experiments, the nominal
values for the input parameters are p1 � p2 � 40,
m1 � m2 � 10, n1 � n2 � 0, s1 � s2 � 4, ct � 0, w � 20,
N � 70, and λ1 � 0.2. Following Gruen and Corsten [1], we
assume the switching rate to be θ1 � 0.3.

6.1.TransshipmentAreawithaSwitchingRate. 'e switching
rate is a key model parameter that is likely to impact the
hybrid transshipment policy. To assess this impact, a sen-
sitivity analysis is conducted in which three different values
covering a wide range are chosen for the switching rate,
while keeping all other parameters at their nominal values.
At the 30th selling period, the transshipment area between
the two retailers is shown in Figure 1 when θ2 is equal to 0.1,
0.3, and 0.5.

As shown in Figure 1, the whole area is divided into three
ones. Reactive or preventive transshipment occur in area I or
area II, but not in area III. Shadow boundary in area I and
area II represents the thresholds of the transshipment upper
and lower levels. Reactive transshipment occurs when re-
tailer 2 stocks out (i.e., x2 � 0) and the inventory of retailer 1
is in area I. Preventive transshipment occurs when retailer 2
has on-hand inventory in area I. 'ere is a similar situation
in area II.

When the switching rate of retailer 2 increases, the areas
of I and II decrease. 'e reason is that retailer 1 should be
more open to reject a transshipment request to encourage
the unsatisfied customer to switch to his location as the

switching rate of retailer 2 increases.'erefore, retailer 1 will
set a larger transshipment lower level and a smaller trans-
shipment upper level to prevent the transshipment.

6.2. Sensitivity Analysis

6.2.1. Ordering Quantity with a Switching Rate. Table 2
depicts the relationship among the ordering quantity, the
transshipment price, the arrival rate, and the switching rate
of retailer 2.

As shown in Table 2, the ordering quantity of the two
retailers is nondecreasing with the switching rate θ2. 'e
ordering quantity of retailer 1 is sensitive to the change in the
switching rate. On the one hand, there is a higher rate of
unsatisfied customers switching to retailer 2 when the
switching rate θ2 increases, which makes retailer 1 order
more to respond to the higher numbers of unsatisfied
customers. On the other hand, retailer 1 will reject more
transshipment-in requests to make more unsatisfied cus-
tomers switch to him. 'erefore, these two factors together
cause a significant increase in the order quantity of retailer 1.
However, the order quantity of retailer 2 is less sensitive to
the change of the switching rate. Retailer 1 is more willing to
reject the transshipment-in requests. 'is causes retailer 2 to
order more. However, this effect is not clearly obvious.

When the transshipment price changes, the two retailers
do not significantly adjust the ordering quantity. 'is is
significantly different from the reactive transshipment [36].
When the transshipment price is low, the retailers tend to
satisfy the demands of each other, so the ordering quantity is
low. However, a retailer has to order more to avoid the risk
of a stockout when the transshipment price is high. Con-
sequently, the two retailers are willing to order more.
However, the demand information of the next stage is not
released due to the preventive transshipment.'is makes the
retailer bear not only the risk of a stockout but also that of an
overstock in the future. 'erefore, the retailer has to order
more to avoid the risk of a stockout when the transshipment
price is low, while lowering the ordering quantity to avoid
the excessive inventory at the end of the sale season when the
transshipment price is high. So, the two retailers do not
significantly adjust the ordering quantity even if the
transshipment price has a drastic change due to the pre-
ventive transshipment.

6.2.2. Relationship between Transshipment Lower Level,
Transshipment Upper Level, and Switching Rate. At the 40th
selling period, changes of the transshipment lower and
upper levels with the switching rate are shown in Figure 2
when θ2 is equal to 0.1, 0.3, and 0.5.'e transshipment lower
and upper levels are nondecreasing in the transshipment
price, and the gap between transshipment lower and upper
levels becomes increasingly wider as the transshipment price
increases. 'e two retailers set a larger target inventory to
avoid the risk of a stockout in the future. 'is causes them to
be unwilling to transship out but willing to transship in when
the transshipment price increases. 'erefore, the two re-
tailers set higher transshipment lower and upper levels. In
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addition, as shown in Figure 2, it is easier to balance the
inventory due to the wider gap as the transshipment price
increases. 'e retailer is willing to adjust the inventory by
ordering when there is a lower transshipment price and
adjust the inventory by transshipment when there is a higher
one. 'e reason is that the ordering policies of the two
retailers not only have a strategic substitute relationship, but
the ordering and preventive transshipment also have a
strategic substitute relationship. 'erefore, the retailer tends
to control the inventory by setting a higher ordering quantity
if the transshipment price is low, while adjusting the in-
ventory with the transshipment policy when the trans-
shipment price is high.

'e relationship between the profit of two retailers and
switching rate is shown in Figure 3 when θ2 is equal to 0.1,
0.3, and 0.5.

As seen in Figure 3, both retailers can gain a higher profit
with transshipment than without transshipment, which is
consistent with 'eorem 1. 'e transshipment provides an
additional tool to collect more profit. In addition, the profit
of retailer 1 is nondecreasing in the switching rate of retailer
2. As the switching rate of retailer 2 increases, on the one
hand, there are increasing numbers of unsatisfied customers
switching to retailer 1 due to the higher switching rate. On
the other hand, retailer 1 would like to reject the trans-
shipment-in request of retailer 2 to induce the customer
switching behaviour. Hence, retailer 1 can gain more profit
by satisfying more unsatisfied customers from retailer 2.
However, the profit of retailer 2 is also nondecreasing in her
switching rate. 'ere is a different mechanism from that of
retailer 1. Retailer 1 gains more profit by supplying unsat-
isfied customers, while retailer 2 gains more by bearing more
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Figure 1: Transshipment area with different switching rates.

Table 2: 'e relationship between the ordering quantities of the two retailers with the switching rate.

θ2 0.1 0.3 0.5
λ2 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3

pt

20 (11, 6) (11, 13) (12, 18) (12, 7) (13, 13) (14, 19) (14, 7) (14, 14) (15, 20)
25 (11, 6) (11, 13) (12, 18) (12, 7) (13, 13) (14, 19) (14, 7) (14, 14) (15, 20)
27 (11, 6) (12, 13) (12, 19) (12, 7) (14, 14) (14, 19) (14, 7) (14, 14) (15, 20)
30 (11, 6) (12, 13) (12, 19) (13, 7) (14, 14) (14, 19) (14, 7) (14, 14) (15, 20)
31 (12, 6) (12, 13) (13, 19) (13, 7) (14, 14) (14, 19) (14, 7) (14, 14) (15, 20)
37 (12, 6) (12, 13) (13, 19) (13, 7) (14, 14) (14, 19) (14, 7) (14, 14) (15, 20)
38 (12, 6) (12, 13) (13, 19) (13, 7) (14, 14) (14, 19) (14, 7) (14, 14) (15, 20)
43 (12, 7) (13, 13) (13, 19) (14, 7) (14, 14) (14, 19) (14, 8) (15, 14) (15, 20)
44 (12, 7) (13, 13) (13, 19) (14, 7) (14, 14) (14, 19) (14, 8) (15, 14) (15, 20)
48 (13, 7) (13, 13) (13, 19) (14, 7) (14, 14) (14, 19) (14, 8) (15, 14) (15, 20)
50 (13, 7) (13, 13) (13, 19) (14, 7) (14, 14) (14, 19) (14, 8) (15, 14) (15, 20)
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risk from transshipment due to the strategic substitute re-
lation. When the switching rate is a lower, retailer 2 orders
fewer units to reduce the risk of an overstock, which causes
retailer 1 to share less profit with her. As the switching rate
increases, retailer 2 orders more and bears a higher risk of an
overstock, which induces retailer 1 to share more profits. In
addition, the profit of two retailers is nondecreasing in the
transshipment price. 'e reason is that if the transshipment
price is low, two retailers tend to order more, which leads to
a relatively lower risk of out-of-stock. As the transshipment
price increases, both retailers are reluctant to implement
transshipment. Although the profit collecting from trans-
shipment is lower, the risk of overstock is gradually reduced.
'erefore, there is a higher total profit.

7. Conclusion

'is paper has tested the relationship between hybrid transit
policies and customer switching behavior in a decentralized
system. It is well known that the interaction of the trans-
shipment and customer switching behaviour will exacerbate
the complexity of the structure of a hybrid transshipment
policy. To cope with this problem, there is a need for the
retailer to take two factors into consideration before making
ordering decisions. 'erefore, we develop a discrete-time
dynamic programming to analyse the optimal hybrid
transshipment policy and ordering policy with customer
switching behaviour. 'e main conclusions are as follows.

(1) 'e implications of a hybrid transshipment policy
are shown. 'at is, the retailer can obtain more
profits with a hybrid transshipment than without one
when the transshipment price within a certain range
motivates two retailers to transship in or out one
unit.

(2) We develop an easy-to-implement hybrid trans-
shipment policy to control inventory regardless of
the other retailer’s transshipment policy as long as
the inventory is observed because the optimal hybrid
transshipment policy is a dominant equilibrium
strategy.

(3) We explore the structural properties of two threshold
functions to adjust the inventory by the inventory
control-band, which consists of the thresholds of the
transship upper level and transship lower level,
allowing the retailer to transfer the risk of a stockout
or overstock by transshipping in or out one unit in
advance or after a period of time.

(4) 'e existence of an ordering Nash equilibrium for
two retailers is obtained, which indicates that two
retailers’ ordering policy has a substitute relationship
due to the hybrid transshipment and customer
switching behaviour.

(5) 'e retailer is more willing to adjust the inventory by
ordering when there is a lower transshipment price
and to adjust the inventory by hybrid transshipment
when there is a higher price. In addition, there are at
most two transshipment areas for the two retailers,

and the implementation of a transshipment is pre-
vented as the switching rate increases.

It is worthwhile to note that we only consider a two
retailers system. However, there are many possible avenues
to extend our two-retailer model to an N-retailer model for
future research. Another interesting question is as follows:
how should the transshipment price be determined? Since
the transshipment depends on its price, a higher trans-
shipment price tends to result in less transshipped inventory,
while a lower transshipment price has the opposite effect. If
one of the retailers sets the transshipment price, is there an
optimal price between the two prices? It is also unclear how
an endogenous transshipment price will affect the retailers’
ordering decisions. Furthermore, is there a mechanism for
effectively coordinating two retailers?
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