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Abstract

We study the effect of strategic consumer behavior on pricing, inventory decisions, and
inventory release policies of a monopoly retailer selling a single product over two periods
facing uncertain demand. We consider the following three-stage two-period dynamic pricing
game. In the first stage the retailer sets his inventory level and inventory release policy;
in the second stage the retailer faces uncertain demand that consists of both myopic and
strategic consumers. The former type of consumers purchase the good if their valuations
exceed the posted price, while the latter type of consumers consider future realizations
of prices, and hence their future surplus, before deciding when to purchase the good; in
the third stage, the retailer releases its remaining inventory according to the release policy

chosen in the first stage.

Game theory is employed to model strategic decisions in this setting. Fach of the
strategies available to the players in this setting (the consumers and the retailer) are
solved backward to yield the subgame perfect Nash equilibrium, which allows us to derive

the equilibrium pricing policies.

This work provides three primary contributions to the fields of dynamic pricing and
revenue management. First, if, in the third stage, inventory is released to clear the market,
then the presence of strategic consumers may be beneficial for the retailer. Second, we find
the optimal inventory release strategy when retailers have capacity limitation. Lastly, we
numerically demonstrate the retailer’s optimal decisions of both inventory level and the
inventory release strategy. We find that market clearance mechanism and intermediate

supply strategy may emerge as the retailers optimal choice.
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Chapter 1

Introduction

1.1 Background

In recent years, there has been an increasing interest in research on dynamic pricing and
revenue management. Numerous papers have studied revenue management, or markdown
pricing; e.g., Lazear (1986), Gallego and Van Ryzin (1994), Feng and Gallego (1995). The
structure of a markdown mechanism influences buyer behavior, and in turn, the seller’s
profits. Lazear (1986) employs a two step markdown mechanism. The latter two study
demand in a Poisson process with known intensity where they show that prices are not

necessarily decreasing.

The mainstream literature on dynamic pricing has focused, thus far, on managing
clearance prices: finding the optimal timing and magnitude of the discount price along the

selling horizon (see, e.g., Lazear 1986, Feng and Gallego 2000, Aviv and Pazgal 2008, Zhang



and Cooper 2008). As research has been maturing in the field of dynamic pricing (DP)
and revenue management (RM) employing passive demand, researchers have shifted their
focus on to modeling strategic consumer behavior. The general result is that the presence
of these consumers is detrimental to firms (Besanko and Winston 1990, Aviv and Pazgal
2008). Besanko and Winston (1990) demonstrate that the retailer’s profit decreases as a
result of mistakenly treating forward-looking consumers as myopic. It has been suggested
that strategic consumer behavior suppresses the benefits of segmentation under medium
to high values of heterogeneity and modest rates of decline in valuations. Also the seller
cannot effectively avoid the adverse impact of strategic behavior even under low levels of

initial inventory (Aviv and Pazgal 2008).

Recently, some researchers have tried to show how to mitigate strategic consumers’
behavior (Liu and van Ryzin 2008, Cachon and Swinney 2009, Levin et al. 2009, Aviv,
Levin and Nediak 2010). Liu and van Ryzin (2008) demonstrate that rationing can be a
profitable strategy to influence the strategic consumers’ behavior. Cachon and Swinney
(2007) study the additional value of quick response to mitigate the negative consequences
of strategic purchase behavior of customers. Levin et al. (2009) demonstrate that the
initial capacity can be used together with the appropriate pricing policy to effectively
reduce the impact of strategic consumer behavior, when the initial capacity is a decision
variable. Aviv, Levin and Nediak (2010) study whether price matching of either internal or
external type can lead to a decrease in strategic waiting by the consumers. Our approach
is to consider a clearance sales mechanism, similar to the market clearance mechanism
employed in Lee and Whang (2002), Cachon and K6k (2007), but with pricing decisions

instead of studying the news vendor model. Lee and Whang (2002) investigate the impacts



of a secondary market where retailers can buy and sell excess inventories. Cachon and Kok
(2007) use the clearance sales mechanism to determine the salvage value in the newsvendor

setting.

1.2 Problem of Interest

We study the effect of strategic consumer behavior on pricing, inventory decisions and
inventory release policies of a monopoly retailer selling a single product over two periods
under uncertain demand. Under this premise, the retailer offers opportunity to consumers
that price in period 2 could be lower than the posted price in period 1; while, at the same
time, consumers face the risk that the price may increase in period 2. We are interested in
the benefits that such a mechanism can offer the firm, which can be a better segmentation
of consumers to price discriminatively and/or a significant mitigation of the uncertain
demand to capture more profit. Moreover, we seek to find whether the clearance sales
strategy is always the optimal choice in the context of other inventory release strategies.
Our primary goal in this paper is to address the optimal inventory release strategy when
capacity is know and, ultimately, when the retailer can set the optimal inventory at the

beginning of the selling horizon under uncertain demand.

In our two period selling horizon setting, we assume that a monopoly retailer satisfies

first period demand! but considers the following two inventory release policies for the second

IThis is not a binding constraint under most circumstances, and we find it to be binding in a limited
interval where the entire inventory is depleted in period 1. Therefore, the results are consistent with the
assumption. Liu and van Ryzin (2008) adopted a similar assumption that demand in the first period is
satisfied.



period: Clearance Sale strategy (CS): all leftover inventory is released to the market and
the market determines the price; Dynamic Pricing strategy (DP): the leftover inventory is
released to maximize the second period profit by ignoring the inventory constraints. We
study the Clearance Sales and Dynamic Pricing strategies separately. The latter policy
gives rise to another instance, which we refer to as Intermediate Supply (IS), which occurs
if the inventory level is at some intermediate level. Specifically, under Intermediate Supply
strategy, if demand is low, the leftover inventory is released to maximize the profit and if

demand is high, the entire leftover inventory is released.

In the model, a fraction of consumers are strategic and time their purchases to maximize
their own expected surplus. Consumers may respond strategically to a retailer’s pricing
decisions, while a myopic consumer acts impulsively and purchases the good if his imme-
diate surplus is positive. Therefore, there is a need to incorporate consumer responses
in the decision-making process. Similar to Cachon and Swinney (2009), we assume that
while myopic consumers visit the store in the first period only, strategic consumers may
return in the second period, and that these strategic consumers possess a discounting factor
associated with their patience level (Levin et al. 2009) or with their reduced discounted
surplus obtained due to the delayed purchase. The number of consumers that arrive in the
first period could be either high or low. Though this information is common knowledge,
the strategic consumers, when they arrive at the store in the first period, do not know the

realization of demand until the end of the first period.

Our work addresses the following research questions: (i) Given an inventory level,
which inventory release policy should the retailer choose under uncertain demand? (ii)

If the retailer can set both the inventory level and the inventory release policy, which

4



inventory release policy should the retailer choose under uncertain demand? (iii) Is the
retailer always better off with lower strategic consumers’ patience levels? (iv) Is the retailer

always better off if fewer strategic consumers exist in the market?

1.3 Overview of Results and Organization of the The-
sis

By employing Clearance Sale strategy, the price that the retailer charges in the second
period may be higher, or lower, than the price posted in the first period. Specifically, if
the demand in the first period is high, more of the inventory is depleted and with lower
remaining inventory, the second period price could be higher than the first period price.
Strategic consumers, when they decide on their purchase timing, should account for the
possibility of the second period price being higher, as this price could very well exceed

their valuations (and they may end up not purchasing at all).

Each of the policies is solved backward to yield the subgame perfect Nash equilibrium,
which allows us to derive the equilibrium pricing policies. We find that for certain param-
eters’ range, the retailer may price to skim high-valuation consumers of both consumer
types (myopic and strategic) in the first period; otherwise, the retailer will price to skim
only high-valuation myopic consumers in the first period, while deferring all strategic con-
sumers to the second period. Quite trivially, in the Dynamic Pricing strategy, we also find
that the prices charged in period 2 are less than the selling price in period 1 under a certain

parameter range.



The results of this study indicate that, given the inventory level, a retailer’s profit
function is strictly concave in the inventory quantity stocked under feasible region for both
Clearance Sales (CS) strategy and Intermediate Supply (IS) strategy, which guarantees an
optimal stocking decision under both Clearance Sales and Intermediate Supply strategies.
Thus, the retailer’s profit function is piecewised concave in Clearance Sales and Interme-
diate Supply strategies, and linear in Dynamic Pricing strategy. When the retailer can set
both the inventory level and inventory release policy, it appears that the retailer sets a
rather low inventory level. By employing a low inventory level, the retailer can charge high

prices in the first period, and still retain strategic consumer demand in the second period.

Consistent with some previous studies, we also find that more myopic consumers ex-
isting in the market is beneficial for the retailer, but only when the number is above a
certain threshold. We find that optimal stocking and corresponding profit may decrease
as the proportion of myopic consumers increases under both Clearance Sales and Dynamic
Pricing strategies. Indeed, with fewer strategic consumers, the retailer’s potential profit
from the second period diminishes (recall that only strategic consumers may delay their
purchase to the second period). The retailer cares less about the strategic consumers and
seeks to defer them all to the second period, while focusing attention on first period de-
mand stemming from myopic consumers. Yet, the retailer stocks a lower inventory level
and sets a higher first period price (partially to divert strategic consumers to the second
period). Ultimately, this results in less profit for the retailer. Also, we further prove that,
most of the time, the retailer is better off with less patient strategic consumers under a
simplifying condition (high demand and low demand occur with equal probabilities, and

the magnitude of low demand is half of that of high demand).



In the Dynamic Pricing strategy, the analysis reveals that the choice of inventory level
determines the corresponding inventory release in the second period. If the inventory level
is high, leftover inventory is released optimally in the second period; if the inventory level
is intermediate, then Intermediate Supply strategy follows, and eventually, if inventory is
low, Clearance Sales emerges. The choice of stocking level depends on the optimal profit
in each of these outcomes. This strong relationship between the inventory release strategy

and inventory level is demonstrated, which solves our first research question.

Lastly, we compare the profit functions under the different inventory release strategies
in order to characterize the conditions under which each policy is preferred by the retailer
when he can also determine the stocking level. Since it is very difficult to compare an-
alytically the profit functions under the three inventory release strategies, we resort to
numerical examples. Our numerical analysis suggests that the retailer is always better off
with Intermediate Supply strategy than with Dynamic Pricing strategy, and the retailer
is mostly better off employing an Intermediate Supply strategy if he can make decisions
about both inventory level and an inventory release strategy. A few examples also show
that the possibilities of a Clearance Sales strategy dominate sometimes when inventory

costs and/or consumers’ patience levels are high.

The remainder of the paper is organized as follows. Section 2 lays out the theoretical
dimensions of the research and looks at the related literature. The modeling framework and
assumptions are set up in Section 3 and the preliminary analysis is conducted in Section 4.
Section 5 studies the Clearance Sale strategy. Section 6 analyzes Dynamic Pricing and
Intermediate Supply strategies and integrates the different policies to reveal the Optimal

Release strategy. Section 7 summarizes.



Chapter 2

Literature Review

A considerable amount of work has been conducted in the area of profit management and
dynamic pricing (e.g., reviews by Bitran and Caldentey 2003, Elmaghraby and Keskinocak
2003, Talluri and van Ryzin 2004, Chan et al. 2004, and Shen and Su 2007). For example,
in their book, Talluri and van Ryzin (2004) provide an extensive review of revenue man-
agement with seat inventory and capacity-planning problems. However, this review focuses
almost exclusively on myopic consumers, and strategic consumers are considered only if
the firm is not capacity constrained. They state that “some industries use price-based RM

(retailing), whereas others use quantity-based RM (airlines).

Even in the same industry, firms may use a mixture of price- and quantity-based RM.
For instance, many of the RM practices of the new low-cost airlines more closely resemble
dynamic pricing than the quantity-based RM of the traditional carriers” (p. 176); Shen

and Su (2007) review previous models of customer behavior in the revenue management



and auction literature; Elmaghraby and Keskinocak (2003) focus on dynamic pricing in
the presence of inventory considerations, where they pointed out that the increased avail-
ability of demand data, the ease of changing prices as a result of new technologies and the
availability of decision-support tools for analyzing demand data are the three factors which
contributed to this phenomenon. In our work, a mixture of price- and quantity-based Profit

Management is studied uner demand uncertainty.

At the passive demand research has been maturing in the field of dynamic pricing
(DP) and revenue management (RM), researchers shift their focus to modeling strategic
consumer behavior. And two types of behaviors are analyzed together, which are myopic
and strategic behaviors. The general result is that the presence of this type of consumers
is detrimental to firms (Besanko and Winston 1990, Aviv and Pazgal 2008). Modeling
strategic consumers’ behavior can be traced back to Coase (1972). Gallego and van Ryzin
(1994) characterized the optimal pricing policy in the presence of strategic consumers.
Elmaghraby et al. (2002) analyze the optimal design of a markdown pricing mechanism
in the presence of strategic consumers. Zhou, Fan and Cho (2009) focus on the optimal
purchasing strategy of a single strategic consumer, and they numerically find that strategic
behavior may benefit the retailer. Aviv and Pazgal (2008) study the optimal pricing of a
finite quantity of a fashion-like seasonal good in the presence of forward-looking (strate-
gic) customers. They consider two classes of pricing strategies in their paper: contingent
and announced fixed-discount. We demonstrated that the behavior may actually benefit

retailers.

Some contributes have tried to show how to mitigate such behavior (Liu and van Ryzin

2008, Levin et al. 2009, Aviv, Levin and Nediak 2010). Our approach is to consider the
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clearance sales mechanism, similar to the market clearance mechanisms demonstrated in
Lee and Whang (2002) and Cachon and K&k (2007). In their works, the clearance mecha-
nism was used to determine the salvage value in the newsvendor model, but the researchers
make no price decisions. Lee and Whang (2002) consider two interdependent effects which
are a quantity effect (sales by the manufacturer) and an allocation effect. Cachon and K6k
(2007) highlight the importance of understanding how a model can interact with its own

inputs.

Continuous updating of prices over time is not a practical pricing policy in the view of
Gallego and van Ryzin (1994) and Bitran and Mondschein (1997). While periodic pricing
policies are employed by Lazear (1986) and Elmaghraby et al. (2002) where prices are
updated at fixed time intervals, Gallego and van Ryzin (1994) set the price to the “optimal”
fixed price to maximize the retailer’s profit. In addition, clearance pricing has been studied
extensively in the operations literature. Here we do not attempt to provide a complete
review. Bitran and Caldentey (2003) and Elmaghraby and Keskinocak (2003) provide
surveys in this field. Zhang and Copper (2008) study the effect of strategic consumer
behavior on pricing and rationing decisions of a firm selling a single product over two
periods. We model a retailer charge a single price in each period, with two price options

in period 2 depending on the demand level.

Numerous studies have attempted to explain the markdown mechanism (e.g., Lazear
1986, Smith and Achabal 1998, Gupta et al. 2006, Zhang and Cooper 2008). Even though
they all refer to the inventory release policy as a clearance sale, their approach is not
a market clearance mechanism as employed in this work. Lazear (1986) and Smith and

Achabal (1998) try to move merchandizes at a price significantly lower than its original

10



price in their studies. In the studies of Gupta et al. (2006) and Zhang and Cooper’ s study
(2008), the seller may limit the availability of the product in the clearance period. In our
model, the retailer may only charge a lower price in latter period of the selling period if

the demand level is low.

This paper shows more about that prices may in fact increase, due, e.g., to limited
supply, and the choice of inventory release policy of retailers. Elmaghraby and Keskinocak
(2003) have also considered whether prices are allowed to increase over time depending
on the underlying modeling assumptions: “current research suggests that prices either
decrease over time (Lazear 1986) or prices move both up and down (Bitran and Mondschein
1997, Feng and Gallego 1995, Gallego and van Ryzin 1994).” Possible explanations for the
rise in price are the stochastic arrival of consumers or the poisson arrivals of consumers
under continuous time and the fact that high valuation consumers arrive later during the
selling season. Although some research has been carried out on this topic, no single study
exists which adequately covers the possibility that limited supply might be one of the

reasons for price rises over time.

Several attempts have been made to study the pricing decisions using different consumer
arrival processes. A deterministic model is studied by Elmaghraby et al. (2002) where
all consumers arrive at the market at the beginning of the selling season with known
valuations. Lazear (1986) uses a simplified model of the stochastic demand. Gallego and
van Ryzin (1994) formulate the problem using intensity control (Bremaud 1980) and
study the optimal dynamic pricing strategy using different demand functions, including
exponential arrival of families, general linear function and compound poisson function.

Feng and Gallego (1995) and Aviv and Pazgal (2008) model the demand as a homogenous

11



(time-invariant) poisson process. Su (2007) model the demand function as the continuous

deterministic arrival of consumers.

Demand is one of the most important elements that influences pricing decisions, a fact
that also explains reactions to price changes and other factors. The variety of products in
the market has significantly risen, while the product life cycles have become shorter in the
last decades. It is even complicated for the retailer to make inventory decisions in advance
if demand is uncertain. Most studies in the field of dynamic pricing have focussed only on
considering initial inventory decisions as exogenously determined. The following literature
consider initial inventory decision as an object decision the retailer must make. Cachon
and Swinney (2009) study the pricing and stocking decisions by a monopolist facing myopic
consumers, bargain-hunters, and strategic consumers. Liu and van Ryzin (2008) focus on
capacity rationing to induce early purchases. Smith and Achabal (1998) and Mantrala
and Rao (2001) study initial inventory decisions as well as markdown pricing decisions
before the selling season in the absence of strategic consumers. We consider the optimal
inventory release strategy with and without setting the initial inventory decision as an

object decision.

There may be many reasons for consumers to delay their purchase decisions. Most
of the research to date has tended to focus on the possibility of lower prices rather than
the uncertain demand. Fay and Xie (2008) define a unique type of product or service
offering, termed probabilistic goods, and they analyze the probabilistic selling strategy
under capacity constraints and demand uncertainty. They model a seller offering two-
component products with unknown consumers’ preference. Xie and Shugan (2001) consider

a two-period model where N consumers arrive in each period. They modify the demand

12



uncertainty based on the uncertain valuation of consumer based on consumption states.
Similarly, Swinney (2010) addresses the practice of matching supply and demand in the
presence of strategic consumers when product value is uncertain. Consumers do not know
their private valuation for the product before the selling season in his study. This kind
of uncertainty is resolved by time alone, and each consumer exogenously learns his value
of the product at a random time during the selling season. In our work, consumers may

delay their purchase due to the possible lower price resulting from low demand level.

Even though a considerable amount of literature has been published in the area of
revenue management and dynamic pricing, most studies in this field have focussed only
on a single inventory release strategy, without considering other strategies. Therefore, our
research mainly differs from past research in several aspects. First, a mixture of price-
and quantity-based Profit Management is studied under demand uncertainty. Second, the

combination decision of the inventory level and inventory release strategy is demonstrated.
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Chapter 3

Model Setup

We consider a three-stage game: in the first stage, inventory decisions are made by a
monopoly retailer, whereas in the second and third stages, the retailer faces consumers.
Specifically, in the first stage, the retailer stocks K units of an item, which will be available
for sale during the two-period sale, at a inventory cost ¢ per unit. At this stage, the retailer
also chooses the inventory release policy, which will be discussed later on. We assume that
the inventory can not be replenished during the selling horizon and that the retailer has
pricing flexibility. We assume that /V; consumers arrive simultaneously at the beginning of
the sale season, in the spirit of early papers by Stokey (1979) and Besanko and Winston

(1990), and each buys at most one unit of the product.

In the first stage a monopolistic retailer chooses the inventory release policy based
on the parameters’ range and/or sets its inventory level; in the second stage the retailer

faces uncertain demand that consists of both myopic and strategic consumers. The former

14



type of consumers purchase the good if their valuations exceed the posted price, while
the latter type of consumers consider future realization of prices, and hence their future
surplus, before deciding when to purchase the good. Namely, strategic consumers time
their purchases to maximize expected surplus, in that they may decide to postpone their
purchases if they believe that a later purchase may bring a higher expected surplus than
what they can gain from an early purchase in period 1; in the third stage, after demand
uncertainty is resolved in the first period, the retailer releases its remaining inventory
according to the release policy stated in stage one. Figure 3.1 shows the timeline of this

dynamic pricing game.

Each consumer has an individual maximum willingness to pay for the product Through-
out the paper, we use the term valuation, denoted by v, to refer to each consumer’s max-
imum willingness to pay. At the beginning of the selling season, consumers are certain
about their valuations of the product, v, which are independently drawn from a uniform
distribution between 0 and 1. The valuations of consumers are fixed, and all consumers are
risk neutral. Strategic consumers are rational and solve the problem faced that retailer,
hence they can develop expectations about the future price which will be consistent with

realized outcome.

The consumers do not only have different valuations, but they are also heterogeneous
along the dimension of behavior type (i.e., strategic or myopic). In our model, a fraction
a of the consumers are myopic, and the remaining consumers, 1 — «, exhibit strategic
behavior. We assume that a consumer’s myopic or strategic behavior is independent of
his valuation in period 1. Myopic consumers behave impulsively, and make purchases as

long as their valuations are higher than the selling price posted in period 1, R;. Myopic
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Stage1 Stage2 Stage3

Retailer chooses Retailer Demand Rz is “determined”
inventory release announces uncertainty|  (depending on
2 policyand sets [ Ru, istesolved. [ inventory release
inventory level (K) policy)
[
‘ Al Consumers Strategic consumers
il = (whowait) decide
S et whether to buy or not.
arrive.
buyor wait.

Figure 3.1: Timeline of the three-stage two-period dynamic pricing game.

consumer behavior allows the retailer to ignore any detrimental effects of future price cuts
on current consumer purchases. Similar to Cachon and Swinney (2009), we assume that
only strategic consumers may return in period 2, and the difference is that we ignore
the third type proposed in their paper, bargain hunter, who only pursue the discounting
product offered in period 2. A discounting factor referred to as patience level, 9, is applied
to consumers’ surplus if they choose to wait and purchase in the second period. Namely,
while their surplus in period 1 is, v — Ry, their discounted surplus obtained in period 2 is
0(v—Ry). Similar to Cachon and Swinney (2009), we assume that only strategic consumers

may return in the second period, except that only two behavior types of consumers exist
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in the market without the bargain hunter type in their paper. Additionally, consumer

composition is stationary over time.

In the first period, all consumers arrive, and N refers the number of consumers. In
the second period, a clear or an optimal release in the market mechanism takes place.
When demand arrives, it could be Ny (that is, high demand) with probability p or N
with probability 1 — p, which are denoted as V;, i € {H, L}. Since not all consumers have
the capability to purchase, the actual sales for the product depend upon the price of the
product. In this setting, without loss of generality, we normalize Ny to 1 and clearly the
capacity K is less or equal to one. Assuming that the actual demand can be satisfied based
on the initial inventory decision and let D;; (< K') denote the realized demand under state
i,i € {H, L}, in period t,t € {1,2}. Demand for the product in period 1 depends upon the
price of the product. As illustrated by Elmaghraby and Keskinocak (2003), it is important
for the retailer to capture the information from consumers’ side to charge the appropriate
price, like current customer values of the product and the future demand. We assume that

there is no opportunity for inventory replenishment during the selling horizon.

Ny w.p. p

Ny, wp. 1—p

During the first part of the selling season, the price Ry is posted by the retailer, and
during the second phase of the season, one of the two distinct prices will be offered de-
pending on the realized demand in the first period. Specifically, Rps is offered when Ny

consumers arrive at the beginning of the sale season with probability p, and Ry, is offered

17



when N consumers arrive at the beginning of the sale season with probability (1 — p).
At the end of the selling season, leftover units have zero value. The retailer’s objective is
to set the prices to maximize the expected profit collected during the sale horizon. The
retailer can manipulate the demand by setting selling prices and the retailer ensures that
the inventory level can satisfy the demand, both of which imply that the consumers do
not need to worry about the risk of stock out as all demand can be met. When visiting
the store, consumers must choose either to buy the product at the current price R; or to
wait for the later price R;s,i € {H, L}. The prices should not exceed one since consumers’

valuation is between 0 and 1.

The optimal inventory release strategy is referred as Optimal Release strategy (OR).
According to the unsold product amount at the end of the selling season, we study the

scenarios listed below:

(1) Clearance Sale strategy (CS): After the first-period demand is realized, all leftover

inventory is released to the market and the market determines the price.

(2) Dynamic Pricing strategy (DP): After the first-period demand is realized, the left-

over inventory is released to maximize profit ignoring the capacity constraints.

The latter policy gives rise to another instance, to which we refer as Intermediate
Supply strategy (IS). In this strategy, the leftover inventory is released to maximize the
profit under low demand and all left over inventory is depleted under high demand, after

the first-period demand is realized.

We focus the analysis on the first two scenarios. Our model is characterized by a set

of parameters {K,p,«,d,¢, N, Ny}, assumed to be known to the retailer and all con-
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sumers. We assume that the retailer has great credibility and that all consumers believe
the retailer’s announcement. Additionally, each consumer has private information about
his own valuation, v. The consumers know the initial inventory quantity, /', but they have
to predict the period 2 selling price before they make their purchase decisions. In those
regards, the game between the retailer and the consumers follows the Stackelberg model,

with the retailer being the leader and the consumers being the followers.
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Chapter 4

Preliminary Analysis

4.1 Consumer’s Purchasing Behavior

In this section, we study the consumers’ purchasing decisions. Myopic consumers behave
impulsively, and purchase the product if their valuations are higher than the selling price

in period 1, R;. We focus the analysis on strategic consumers below.

A strategic consumer’s optimal purchase decision is based on a threshold valuation,
V. Specifically, a strategic consumer will purchase an available unit immediately during
period 1 if his valuation exceeds V. Otherwise, the consumer will revisit the store in
period 2 and purchase an available unit if his base valuation is higher than Ry (Rpgs or
Ry5). Based on the prices in the second period, Ry and Ry, we can segment the strategic
consumers into three groups: those who can buy the product in period 2 if Ry = Rpso,

those who can buy the product in period 2 if Ry = Rys, and those who can not buy in
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period 2 at either price. Based on the above groupings, two critical valuations emerge as
relevant for our analysis: Vy and V. The former is relevant to consumers with v > Ry
, those consumers who may purchase the product in the second period regardless of the
demand state; the latter threshold valuation, V7 ,is relevant for consumers whose valuations
are less than Rpys and, hence, they do not purchase the product in the second period if
demand is in the high demand state. When a consumer’s valuation is less than R, he can
not make any purchases when either prices is offered, and the threshold valuation is 1 for
this type of consumers since they wait during all the selling season and make no purchase.

Specifically, we have

(

Vg ve [RHQ, 1]

V= Vi, ve [RLQ, RHQ) (41>

1 Ve [0, RLQ)

\

Consumers observe the selling price Ry and supply quantity in period 1. Specifically,
consumers make immediate purchase only when the surplus from immediate purchase
(SIP) exceeds the expected surplus from waiting (ESW), which is equal to (1 — p)d(v —
Rps) + pd(v — Rpys), for consumers whose valuations are in [Rpo, 1]. The surplus of an
immediate purchase is v — R;. Consumers make an immediate purchase when both (a)
SIP > max{0, ESW}. By solving SIP = ESW, we get the critical value V. That is,

strategic consumers with v > Vj purchase the product in period 1.

Strategic consumers whose valuations are in [Rps, Rys|, do not buy in period 2 if the

demand is the high state. Hence, for these consumers, ESW, = (1 —p)dé(v — Rp2), and Vp,
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is solved from SIP = ESWj. We assume that Ry, < Ry for now (and we will later prove
that this assumption holds true in Lemma 7); hence, when v < Ry, strategic consumers

do not purchase in the first period.

The threshold functions are given by

_ Ry — pRp2 — 6(1 — p)Rra
N 1-9 ’

V _ Rl_aRL2<1_p>
T 1-0-p)

Vi (4.2)

To determine the sales of the product in each period, we need to know the relationship

between Rpo, Vg and V.

By solving Vi = Rps for §, we have 6 = d;

Ry — Ry
(RHQ - RL2)(1 - p)’

01 = (4.3)

and by solving V;, = Ry for §, we have § = §, = %. Based on the

assumption of Rgs > Ry, Rys > Rrs and 0 < p < 1, we know that ¢§; is positive. The

functions of Ryo, V, and V}, join at the same intersection, dy.
Lemma 1 If § < 01, then Vg < Vi, < Ryo; otherwise, Vig > Vi, > Rps.

Proof. Consider the difference

Ve — Vi

_ R1—0pRu2-0(1-p)Rr2 _ R1—6Rp2(1-p)
= 15 13(1_p)
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Ip[(Ra2—Rr2)(p—1)d+(Ry2—Ri1)]
(1-6)(1—0+9p)

_ Op(Ra2—Rr2)(1—-p) [ _ Rpo—Ry ]
(1-6)(1—0+6p) (Rp2—Rr2)(1-p)

— —(RHf:ﬁﬁ);)l‘p) [0 —0,] >0

Similarly, V;, — Ryo

 Ri—6Rp2(1—p)
Tt e

_ (Ra2—Rp2)(1-p)6+(R1—Rpuo)

1-6(1-p)
_ (Rga—Rps)(1-p) [(5 _ Rpo—Ry ]
1-46(1-p) (Rr2—Rr2)(1-p)

— —(RHf;%i);)l‘p) [6— 6] >0

By routine calculations, if 6 > §;, then Vg — V;, > 0 and V;, — Ryo > 0, implying

Vg > Vi, > Rpyo. Similarly, Vu <V, < Rys if § < 51. |

Figure 4.1 illustrates the relationship between Ry, Vi, and V;, assuming Ry = 0.5, Rys =
0.2, Rgs = 0.65, which implies 4; = 0.66. When ¢ is less then d;, both threshold valua-
tions are smaller than the selling price in period 2 under high demand. When ¢ is larger
then 07, both threshold valuations are larger than Ry, and Vjy is larger than V. The
basic models of Skim Both and Skim Myopic cases are only feasible in the region of [0y, 1].
The graph also shows that there has been a steady increase in the threshold valuations
as patience level increases. Intuitively, as strategic consumers become more patient, ex-
pected surpluses from waiting increases and the threshold valuation increases. Therefore,
less strategic consumers purchase in period 1 and more of them wait for the purchase in

period 2.
Strategic consumers who wait for the second period purchase a product only if their
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Figure 4.1: An example of the relationship between the threshold valuation functions and
selling price in period 2 under high demand for case Ry = 0.5, Rps = 0.2, Ryo = 0.65 and
01 = 0.66.

valuations are higher than the selling price in period 2 (> Rps). In accordance with
Lemma 1, when § < 61, Vg < Vi < Rpys, (1 — V1) is the fraction of strategic consumers
who purchase the product in period 1. The remaining strategic consumers may buy only
when the firm charges Ry, in period 2. Under this condition, the critical valuation Vg and
the price Rys do not have any influence on strategic consumer’ purchase timing decision.

So the firm should not charge a price in period 2 that is higher than in period 1 under low

demand. So the threshold valuation V;, is employed when § < 6.
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We note, however, that when 6 > 01, V, > Rpo, the critical value could not be cal-
culated by equation SIP = ESW[ anymore due to consumers’ ability to purchase the
product at Rpgs. So (1 — Vi) is the percentage of strategic consumers who purchase the
product in period 1, and the remain strategic consumers wait for period 2 if their base

valuations belong to [Rpys2, Vy|. Therefore, when Clearance Sales strategy is employed,

Ve 6>0
V:

Vi, (5<51

When Dynamic Pricing and Intermediate Supply strategies are employed,

V =Vyu.

4.2 Pricing Policies

In this setting, without loss of generality, we normalize p and Nj, to % and assume c is

less than % Retailers may practise one of two specific prices policies, depending on the
parameter interval: prices may be set to skim both types (myopic and strategic) of high
valuation consumers in period 1; or set to skim only high valuation myopic consumers
in period 1, deferring all strategic consumers to period 2. Following Mantin and Granot
(2010), we refer to these pricing policies as Skim Both (SB) pricing and Skim Myopic (SM)

pricing, respectively. Specifically, we have

Skim Both (SB): price to skim high-valuation consumers of both types in the first

period, implying V' < 1.
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Skim Myopic (SM): price to skim only high-valuation myopic consumers in the first
period. That is, none of the strategic consumers purchases in the first period; they all wait

for the second period; i.e. V = 1.

The retailer must switch from case Skim Both to case SM if V' equals 1, but he may
choose to switch at an earlier stage to impose waiting on strategic consumers. We need to
derive the switching point based on the other parameters. Hence, we derive d3, which is

obtained by solving V' =1 for §. That is

2(1 — Ry)

03 =
° 2— Ry — Rpo

(4.4)

Therefore, when 0 exceeds 03, the retailer must switch to the Skim Myopic case. The

consistency for the profit functions of Skim Both and SM will be shown later in this section.

Pictorially, the strategic consumers’ type space (valuation) is divided into four regions,
as shown in Figure 4.2, which also provides an insight for the behavior of strategic con-
sumers under Clearance Sales strategy. Strategic consumers with valuations below Ry
never purchase as their willingness to purchase is too low. For those consumers with val-
uations between Ry, and R, the only profitable option is to wait and purchase when the
retailer sells the product for the price of R;,. Consumers with valuations above R; act
strategically according to the threshold function V| such that a strategic consumer waits
strategically only if his or her valuation satisfies Ry < v < V. Those with valuation v > V'
are the buy-now strategic consumers who tend to avoid the waiting cost. Notice that part

(a) in figure 4.2 is only feasible for Skim Both up to the point where V' reaches 1.
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Figure 4.2: An example of a purchasing strategy of the strategic consumers under the
Clearance Sale strategy for the case 6 = 0.73,¢ = 0.1. Note that the Skim Both case is

only feasible when V' < 1 in panel (a).
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Chapter 5

Clearance Sales Strategy

In this scenario, all leftover inventory is released into the market in the second period.
The retailer sets the price, Ry, in the first period whereas the selling price in the second
period, Rj,i € {H, L}, is determined by the market. Having capacity of K units implies
that at most K units of the product will be sold during the selling season. Specifically, D;;
units are sold in the first period, and the remaining units, at most K— D;; products are
sold in the second period. That is D;y < K — D;;. Based on the relationship between Dy
and K — D;; and when the entire inventory is sold out, we further separate the analysis of

Clearance Sales strategy into three scenarios.

(a) If Djs = K — D;; Vi and @ € {H, L}: inventory is depleted completely by the end

of the selling season.

(b)! If Dy = K — Dyp; and Dy = K: inventory is depleted completely at the end of

LCase (b) is a special case of case (a), we analyze case (b) separately to capture its specialities.
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period 1 under high demand.

(¢)If Diy < K—Dj Yiand i € {H, L}: some leftover inventory remains (when demand

is low) by the end of the selling season.

5.1 Case a: Inventory Depleted Completely over Two-

period Sales

Based on the information in Figure 4.2 above, we can derive the demand function of this
product under both low and high demands. Let Dﬁ denote the realized demand under
state i, ¢ € {H, L} in period t¢,t € {1,2}, and ¢ = SB, SM; note that if ¢ = SM, then
V = 1. In this setting, the realized demand in period 1 at price R; is the number of
myopic consumers with valuations above R; plus the number of strategic consumers with
valuations above V' in the Skim Both case, and only the number of myopic consumers with

valuations above R; in the Skim Myopic case. Specifically,
Df = aNi(1—Ry)+ (1 —a)N;(1 - V) =aN;(Vyg — Ry) + N;(1 - V)

The realized demand in period 2 at price R;; is the number of strategic consumers
with valuations below V' but above R;; in Skim Both case, and the number of strategic

consumers with valuations below 1 but above R;5 in Skim Myopic case.
D;é = (1 - a)Ni(V — Ryp)
Let I1°8 and II°™ denote the retailer’s profits under Skim Both and Skim Myopic

pricing, respectively. The profit function under low demand is given by I, = RyDp; +
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RroDpo — cK, and under high demand is given by Iy = R Dy + Rgo Do — cK. Thus,

the retailer’s total expected profit is IT = pIly + (1 — p)I1;.

5.1.1 Equilibrium Pricing Policies and Model Analysis

The model is solved backward to yield the subgame perfect Nash equilibrium, which al-
lows us to derive the equilibrium pricing policies. For both pricing strategies, we identify
the subgame-perfect Nash equilibrium, and show that given the retailer’s strategy, the

equilibrium in the consumer subgame is unique.

Let Rﬂ denote the selling price under state i, i € {H, L} in period ¢,t € {1,2}, and
¢ =SB, SM. Recalling our assumption that the retailer employs Clearance Sales strategy,
the selling prices in period 2, Ry, are determined by the demand (the strategic consumers
who wait for the second period), and the left-over inventory (i.e. K — D;;,i € {H, L}).

Thus,

(Rppy, RY,) = (FHgefitl 2calidl) g ¢ (SB, SM}

11—« -«
The first period price is obtained by solving the first-order condition, which is to max-

imize the profit. For the first-order conditions, an optimal solution is
RYP = %ozKé — %Koz +1-— %Kﬁ — %K, if Skim Both is employed and

RIM =1 — %K, if SM is employed.

Recall that the precondition of the Clearance Sale scenario is that the consumers’
threshold valuation, V', should be higher than the selling price in period 2 under high

demand; § should be larger than d; to satisfy this condition (Lemma 1). Substituting the
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price expressions in the expression of d; yields

4(1 — 2a)
0 = ——=. 5.1
' 3-8a (5:1)
Similarly, we get
8(1 — )
0g = — 2, 2
T 9-8a (5:2)

Notice that 6; = 63 when a = 2.

W~

When « € [0,0.5], d; equals 0 since the valuation of d; over the regular interval of
0, thus the basic Skim Both and Skim Myopic models are always feasible in this interval
of . When a € (0.5,0.75], d; is between 0 and 1, and the basic Skim Both and Skim
Myopic models are only feasible when ¢ is larger than §;. We assume that the retailer does
not deplete all inventory in period 1 in the basic Skim Both and Skim Myopic models.
Therefore, we solve the value of «, where the retailer sell out everything in period 1. Quite

surprisingly, we find out that the retailer depletes all inventory if the proportion of myopic

3

3
4 4

anda:4

consumer is equals to or over is also where 9; = d5. As a result of this fact,
retailer switch from Skim Myopic to sell everything in period 1 when a = %. Therefore, 07

equals 1 when a € (0.75, 1].

From Figure 5.1, the value of §; can be observed.
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Figure 5.1: The value of §;. When 6 > ¢, the basic CS is employed by the retailer; when
0 < 01, the retailer employs AH.

;

0 if o € [0,0.5]
01 €4(0,1) ifae(0.5,0.75] (5.3)
1 if a € (0.75,1]

\

Since we are more interested in the cases where V' > Rpgs > Ry, we focus the analysis
on the feasible interval of o and . ¢; equals zero in the region of a € [0,0.5], which

implies that the threshold valuation is always larger than the selling price in period 2 in
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this interval. So we always have V' > Rps > R; when o € (0,0.5]. Basic skim both
and skim myopic cases can be applied in this interval. When « € (0.5, 1), the threshold
valuation is only larger than the selling price in period 2 if § > ¢;. This may happen under
high demand and if the entire inventory is sold during the first period. A subsection named

sell all under high demand is given under this section.

In the case where all products are sold in period 1 under high demand, the selling
prices in period 2 are irrelevant anymore since no product is available in period 2. This
case is named AH, which means the retailer sells all units under high demand in period 1.
Intuitively, we know that all the sales occur in period-1 with a relatively high price if
the proportion of myopic consumers is relatively high in the market. If the proportion of
myopic consumers is over half, the retailer will not have any inventory left in period 2 under
high demand under most of the conditions, Specifically, the retailer depletes all inventory

if the proportion of myopic consumers equals or exceeds 75%.

Based on Lemma 1 and Figure 5.1, the retailer employ the basic Skim Both and Skim
Myopic models when consumers’ patience lever is less than 1, and the retailer switches
from basic Skim Both and Skim Myopic to case AH when 6 > 4; since all inventory is
depleted in period 1 of the selling season. Moreover, the retailer employs basic Skim
Myopic instead of basic Skim Both if consumers’ patience level equals or exceeds d3. The

separation of the cases is given in Figure 5.2.
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Figure 5.2: The case separation based on « and d when supply equals demand, where
SB=Skim Both; SM=Skim Myopic and AH=sell All under High demand in periodl. Note
that the downsloping line is d3; the stepwise increasing curve is 0;.

5.1.2 Basic Skim Both and Skim Myopic

In the basic Skim Both and Skim Myopic cases, the retailer has some left-over inventory in
period 2 after the sales in period 1. And both Ry, and Rpys exist and are strictly positive
(0 < Rpa, Rys < 1). Later in Section 4.2, binding constraints are imposed. Naturally,
a retailer prefers Skim Both over Skim Myopic whenever II°% > 1M The retailer is
indifferent between Skim Both and Skim Myopic at d3, where d3 is the value of § solved

by (V = 1), and § = d3, when we solve [I1°? = I1°M in §, finding that further proves the
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consistency of this model. A retailer employs Skim Both when ¢ is less than d3; otherwise,
the retailer is forced to switch to Skim Myopic pricing due to the strategic consumers’

behavior.

There are a few conditions that need to be satisfied in this model. First of all, we need
to satisfy the assumption of R; < Ry, so d4 is solved by Ry = Rpys for 6. Hence, Ry» is

larger than Ry When 0 > dy.

03 (5.4)

545 =

Note that 4 < d3. Also we need to satisfy the positivity of Rys. Since Ry, is decreasing
in a, we employ oy solved from Rps = 0 for a. This condition will be released after the

inventory level is decided.

12-8K—9K6—1/832K% —576 K —624 K2 5+144+168K5+81K26% .
\/ 6K (1-0) HlAdt + if (51 < i< (53

a; = (5.5)

3(1+2¢) .
1(1+o) if 0 > 05

Substitute the prices in the profit functions. The corresponding profit functions are:

HSB _ KAl

IsM — K(—6a+8Ka—9K+6—6¢+6ca)
T 192(1-6)(1—«a) o )

, and 6(—a)
where A; = K(8a—9)20%+(—192+192a+ 16 Ko — 128 Ka* +192¢ — 192ca + 144K) 6 +

92 — 224K — 192 + 128 Ko — 192¢ + 64K o + 192¢ca

Proposition 2 Consider the Clearance Sales strategy in Case (a) where § > 01, assuming

p = % and Nj = %, if a < min{al,%}, if 01 < & < 03, then Skim Both is employed;
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otherwise, if & > 03, then Skim Myopic is employed. If o > %, then the retailers always
employ Skim Myopic policy.
Proof. Recall that § > 0; ensures Vy > Vi > Rps, and recall that 6; = 4(31__820‘3‘). The

8(1—a)
9—8a

retailer switches from Skim Both to Skim Myopic at § = d3 =

There is not a certain relationship between ¢; and d3. Note that §; = d3 when a = %.
If a < %, then 0; < 43, both Skim Both and Skim Myopic cases exist in the market. If

a > %, then 0; > d3, and only the Skim Myopic case is feasible.

We also need to guarantee the positivity of Rps by limiting o < min{a, %} Figure 5.2
shows that if § < 1, the retailer deplete all inventory in period 1 and AH is employed.

Further details about case AH will be given in Section 4.2. m

The profit function is quadratic in inventory level (K'), and we need to find out if it is
convex or concave in K. If the profit function is convex in K, the corner solution(s) within
the feasible region will be employed, and if the profit function is concave in K, the optimal

solution within the feasible region will be chosen.

Proposition 3 Consider the Clearance Sales strategy in Case (a) where § > 01, assuming
p= % and Ny, = %, the retailer’s profit function is strictly concave in the inventory quantity
stocked, thus guaranteeing an optimal stocking decision.

2[1SB (8a—9)262+(144+16a—128a2)6—224+128a+64a2 The

Proof. Under Skim Both pricing, 88K2 = 96(1=0)(1=0)

denominator is clearly positive. The numerator can be written as f; = ad%+4bd+c, where f;

is convex in ¢. %25];1 = 2(8a—9)? > 0 and the discriminant of f; is Ay, = 1152(8a—9)? > 0.
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4(243v2+2a) and _4(2-3v2-2a

Hence, fi has two real number roots which are —==5~= 8 ), where the

former is negative and the latter is positive. Let d5 denote the positive root. That is

05 = _4(2_5——\/504_2&)' Since 05 — 03 = % > 0, 05 is larger than 95,

BZHSB

5z 1s negative in the

Since the retailer employs Skim Both in the region of [0y, 03],
region of § € [0,d3], which means that IT°7 is strictly concave in the inventory quantity
stocked.

9—8a
3(1—«

Under Skim Myopic pricing,azr;;M = — y < 0. Hence, II°M is strictly concave in

the inventory quantity stocked. m

The corresponding optimal stocking decision is

96(1—c)(1—5)(1—a) .
K— —(8a—9)262—(144+16Ca—128a2)6j-224—128a—64a2 if 01 <6 <03
=dli-a) if § > 05

Substituting the K in the profit function:

HSB o 48(1—c)?(1-6)(1—a)
T —(8a—9)262—(144+16a—12802)5+224—128a—64a2

SM _ 3(1—a)(1—c)?
I T 2(9-8a)

and the corresponding strategic consumer critical valuation is

64c(6—1)2a2—8(6—1)(96+9c6+16)a+726—160+8152+72c6—64c 6 <5<6
—224+1446+16a6+128—128025+640262 — 144002 +8152 +64a2 1

V:
1 if 6 > 03

The proposition above implies that there is always an optimal inventory level decision,
and the retailer will obtain more profit if he employs a relatively low stocking decision
to satisfy part of the demand or a relatively high stocking decision to satisfy all demand.

With a high 9, the consumers are very patient and wait for the product discounts. Let’s
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take luxury goods as a example. If the retailer is selling luxury goods, a relatively low
stocking decision would be employed to stimulate the demand at a high selling price in
both periods. If the product is non-seasonal or non-perishable, the retailer sets a relatively

high stocking decision to sell as many units as possible at a lower rate.

Myopic consumers purchase the product if their valuations are higher than the first
period price. Intuitively, as the percentage of myopic consumers in the market increases,
more strategic consumers purchase in the second period instead of the first period due to
retailer’s pricing strategy. Recall that only the strategic consumers with valuations between
V' and one purchase goods in the first period. As this critical valuation, V', increases, more
strategic consumers wait and purchase in the second period. We seek to characterize the

change in the critical valuation as more myopic consumers exist in the market.

o = M09l where fo = —64(96 + 16)(5 — 1)%a? + a16(6 — 1)(816% 4 726 — 160) —
7296% + 20166 — 1024 and f5 is some function of o and §, which we suppress since it is clear
that the denominator is positive. As (1 —¢) and (1 — §) are positive, so the relationship

between critical valuation and « is purely dependent on B;. B can be written as fo = aa®+

ba+ c. Since the discriminant of function fy is Ay, = 73728(32 —96%)(6 — 1) > 0, function

f2 has two real number roots: —S1°=T20HIE0£12V61-188% - 0°f; _ —(128(95+16))(6 —1)* < 0,

8(95+16)(1—0) © PaZ

so function Bj is concave in .

Since one root is larger than 1 and the other root is less than one, we denote the smaller

root as ag: ag = 781527;?3(&%))7(113\/6)6471852, whereas is between 0 and 1 when ¢ € [0,0.578],
and «s is less than 0 if § € [0.578, 03]. Note that if 6 > d3, Skim Myopic is employed and

V=1
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Proposition 4 Consider the Clearance Sales strategy in Case (a) where 6 > 6y, and

assume p =1 and Ny = 5. If§ € [0,0.578], then if

—8162—720+160—12v64—1862
8(95+16)(1—96)

V' is increasing in «. If 6 € [0.578,63], then V is decreasing in «; If § > 83, then V is

a < ay = , Vs decreasing in o; otherwise, if a > «q, then

independent of «.

Proof. When § € [0,0.578], s is between 0 and 1, so fs is negative in the range of [0, as],
and positive in the range of [y, 1].

av
da

2
981 <0, so

o is negative in the range of [0, as], and

Note that B is concave in « since
positive in the range of [ag, 1]. Therefore, V' decreases in o« when « € [0, 5] and increases
in @ when a € [, 1].

When 6 € [0.578, d3], a is less than 0, so ‘g—‘a/is always positive, which means that V'

increases in a. ®

Based on the proposition above, above an intermediate high level of patience, J, the
threshold valuation increases as more myopic consumers exist in the market. Even through
fewer strategic consumers are in the market, but the proportion of them who choose to
wait and purchase in period 2 increases because their patience levels are comparatively
high. In contrast to the the high patience level, the threshold valuation declines first then
increase gently as the proposition of myopic consumer increases. Intuitively, we know that
a retailer’s pricing strategy results in the changes in the threshold valuation of strategic

consuiners.

In Figure 5.3, two examples are given to illustrate the pricing and threshold valuation

in the proportion of myopic consumers. When consumers’ patience levels are relatively low,
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the threshold valuation decreases gently in @ when « is small; then the threshold valuation
increases when « is sufficiently high in . As shown in Figure 5.3, the selling price in
period 2 under high demand increases in «, and the selling price in period 1 decreases first
then increases in «, which explains the trend of threshold valuation above an intermediate

high level of patience level.

The retailer tries to manipulate strategic consumers’ behavior by changing selling prices.
Based on the threshold valuation, more strategic consumers purchase in period 1 as Ry
decreases, and more of them decide to wait for period 2 as R; increases, as shown in panel
(a) of Figure 5.3. As shown in panel (b), the graph shows that there is a steep rise in the
selling price in period 2 under high demand with a slight change in R;, and the selling
price in period 2 under low demand is relatively higher than what we have in panel (a).
Therefore, the threshold valuation increases steadily as more myopic consumers exist in

the market under a high patience level.

The left panel of Figure 5.3, feasible exists only when « is sufficiently small, since V

needs to be larger than Rp». However, this condition only holds if ¢ is larger than §; and

4(1—2a)

the valuation of 9; is given in Figure 5.1, and ¢, = ——

. The infeasible region further
verifies the correctness of Lemma 1. Since Ry is larger than V' in the infeasible region in
the left part of Figure 5.3, the basic Clearance Sales strategy models do not work in this
region. As illustrated in Figure 5.2, the retailer sells everything in period 1 under high

demand, a scenario that fits this region. More details are given later in a section 4.13.

Quite surprisingly, numerical analysis suggests that optimal stocking and correspond-

ing profit decrease as the proportion of myopic consumers increases, which implies that
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Figure 5.3: Examples of prices and threshold valuations under Clearance Sales strategy,
and basic Skim Both and Skim Myopic cases are employed. Note that the feasible region
in panel (a) is for basic SB and the left region is feasible for AH.

strategic consumer behavior may actually benefit the retailer. This finding counters com-
mon intuition that strategic customers who consider all available purchase choices hurt
retailer’s profit. Su (2007) identified finding as the result of scarcity and the heterogeneity
of consumers. The threat of stock-outs discourages some strategic consumers from waiting,
which may also increase their willingness to pay. In our model, the valuations of consumers
are fixed, and all consumers are risk neutral. We can, however, consider the scarcity in a
different way. As more myopic consumers exist in the market, fewer products are left for
period 2, which further increases the selling price in period 2 so that fewer strategic con-

sumers have the ability to purchase. The retailer then cares less about strategic consumers
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and defers more of them to period 2 by increasing R; and decreasing Ry, as « increases.
With fewer strategic consumers, the retailer’s potential profit from both period 1 and pe-
riod 2 diminishes (recall that only strategic consumers may delay their purchase to the
second period). Another possible explanation for this behavior is that the retailer will
not lose the strategic consumers immediately if he charges a very high price in period 1,
and extra profit may be obtained from strategically waiting consumers if a lower price is

charged in the second period.

As the selling price in period 1 increases in «, fewer myopic consumers are capable of
purchasing in period 1 since their valuations may be lower than the selling price. However,
considering the sales lost from strategic consumers, the retailer stocks less as more myopic
consumers exist in the market. Therefore, these variations may result in a corresponding
decrease of profit in o. Cachon and Swinney (2009) also find that a firm stocks less with
strategic customers than without them in the uncertain demand case. More interestingly,
they study the additional value of quick response to mitigate the negative consequences
of strategic purchase behavior of customers.This finding has important implications for
developing the dynamic pricing theory since strategic consumers’ behavior may actually
benefit the retailer. The described trends of inventory level and profit functions are shown

in Figure 5.4 using the same parameter values as in Figure 5.3.

Proposition 5 Consider the Clearance Sales strategy in Case (a) where §; < § < 03,
assuming p = % and Np, = %, as myopic consumers are more numerous in the market, (i)
the capacity function K is strictly decreasing in o, which implies that as myopic consumers

are more numerous in the market, the retailer chooses a lower capacity; (ii) the retailer
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Figure 5.4: Two examples of profits and corresponding inventory level under Basic Skim
Both and Skim Myopic cases. Note that the profit decreases to 0 when « increases to 1.
Later we will see that this is not the case in equilibrium.

gets less profit in basic Skim Both and Skim Myopic cases.

Proof. In Skim Both, %—5 = —W, where fj is some function of a and 9, and

f3=64(5 — 1)%a? — 128(5 — 1)?a — 1606 + 6352 + 96.

To show %—5 < 0, we need to proof f3 > 0. Since ‘9;521 =128(6 — 1)? > 0, f3 is convex
in a.
The discriminate of function f3 is Ay, = 256(52+320—32)(6—1)%. Because (6°+320—32)

8(1—a)
9—8«

is negative in the region of ¢ € [0, d3]. Recall that d3 = which is the switching point

from Skim Both to Skim Myopic. So Ay, < 0.
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Since the discriminant of function f3 is less than zero, function f3 does not have any
real roots. So function f3 is positive in the region of § € [0,03]. Hence, The capacity

function K is strictly decreasing in a.

Similarly, we can prove that the profit function is strictly decreasing in a.

e 48(178[3;75)]%, where f5 is some function of o and 4, and fg = —64(5 — 1)%a? —
128(6 — 1)%a — 96 — 6352 + 1604. Since %2524 = —128(0 — 1)?> < 0, fg is concave.

Since the discriminant of function fg is Ay, = 256(6% 4 32§ — 32)(6 — 1)? < 0, function

fe does not have any real roots. So fg is negative.

Sinceag# < 0, the profit function Ilgp is strictly decreasing in a.
. . — SM —c)2
In Skim Myopic, 25 = —(2&1_90))2 <0, and 24— = —2325()1_82)2 <0 m

Many previous studies have addressed the fact that a retailer may profit less if con-
sumers are more patient. This finding is very straightforward as we consider patience level
as a waiting cost. A high patience level implies a low waiting cost, which means the surplus
of purchasing in period 2 is still very high for strategic consumers in our model. As the
patience level increases, the threshold valuation decreases, and more strategic consumers
would like to wait and pursue a better deal in period 2. If the retailer charges Rys under
high demand, some of the waiting strategic consumers would not purchase, which resulting
in lost sales. If the retailer charges Ry, under low demand, the potential profit for period 2
also diminishes since the waiting strategic consumers pay less to obtain the product. Thus,

a retailer gets less profit if consumer patience level increases.

Proposition 6 Consider the Clearance Sales strategy in Case (a) where 6 < § < 03,
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assuming p = % and N = %, as strategic consumers are more patient, that is, as 0

increases, the retailer’s profit decreases.

Proof. In Skim Both, aggB = 48(17((:}27%70‘”8, where f7 is some function of o and ¢, and

fs = —(8ad — 90 + 8 — 8c)(8cad — 99 — 8a + 10).

2% fy

2 = —2(9 — 8a)? < 0, fg is concave in §. Since the discriminant of function fy is

2(5—4a) and 8(1—a)
9

larger than 0, function fg has two real roots: =5—= o

8(1—04)]

Since @ > (0 and % € [0, 1], function A is negative in the region of ¢ € [0, 5=

8a

and positive in the region of § € [%, 1]. Recall that 03 = % which is the switching

point from Skim Both to Skim Myopic. So Skim Both case is only applicable in the region

of 6 € [0, 851;33)]. Therefore, ‘9%[% < 0 in Skim Both case. m

Now we plug the value of K to obtain the optimal prices.

R, = —160+1525—64c+128a—1200:6 —8d? —8¢d+96%+136cad —136ad2c— 1282 dc+6402 62 c+64ca’+72¢62
1= —224+1446+16a5+1280—128025+640262 — 144062 +8162 4642

R _ —128a20c+64028%c+64co’ +8ad+64a—T720:6%+8cad —T2a02 c+64ca+485+8152 —128+96¢5—96¢
H2 — —224+1446+16a0+128a—128025+640262 — 144062 +8152 46402

Rio = —128a25c+6402 6% c+64ca’ +8ad+64a—T206%+8cad —T2a82 c+64ca—485+815%2 —32+192¢5—192¢
L2 — —224+1446+160+1280—128025+640262 — 144062 +8162 4642

Usually, the selling price in period 2 is lower than the selling price in period 1 as the
retailer adopts the markdown mechanism (Lazear 1986, Smith and Achabal 1998, Gupta
et al. 2006, Zhang and Cooper 2008). Under the condition of uncertain demand, the
price that the retailer charges in the second period may be higher, or lower, than the price
posted in the first period. Specifically, if the demand in the first period is high, more of
the inventory is depleted, and with less inventory, the second period price can be higher

than the first period price. If the demand in the first period is low, all leftover inventory is
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released in period 2. The retailer has to charge a lower price in period 2 than in period 1
to sell as much stock. The findings of the current study are consistent with those of Bitran
and Mondschein (1997), Feng and Gallego (1995), Gallego and van Ryzin (1994), who
found that prices may go either up or down over time. Possible explanations for the rise
in price are the stochastic arrival of consumers or the poisson arrivals of consumers under
continuous time and the fact that high valuation consumers arrive later during the selling

SeasoI1.

Proposition 7 Consider the Clearance Sales strategy in Case (a) where § > 01, assuming
p = % and Ny = %, the selling price in period 1 is always higher than the selling price in
period 2 under low demand.

Proof. Under Skim Both case, Ry — Rrs = (I_‘D(f%)fm, where f1o = 8(d — 1)a — 90 + 16,
and fip is a liner function which decreases in o. Recall that when o < min{a, , 2},
retailers employ Skim Both if the discounting factor of consumers is between §; and ds.

Since o € [0, 2), function fio is between [10 — 38,16 — 96], function fio is positive. fo =

(—640+1440—81)0%+ (— 144 — 160+ 12802)6 4 224— 1280 —64a>. Since%d2 = —2(8a—9)?,

fo is concave in . The roots of fy are 4(_253—%‘2:3‘/5). Since one root is less than 0 and the

other root is larger than %, function fy is positive when « € [0, %) Thus, Ry > Ry, for

Skim Both cases.

2(1—c)

e > 0O m

Under Skim Myopic case, Ry — Ry =

The equilibrium prices for both cases are illustrated in Figure 4.2. As seen in Figure

4.2, for fixed values of 9, as « increases, the retailer increases the first period price as
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well as the second period under high demand and decreases the second period under low
demand for both Skim Both and Skim Myopic pricing. Compared to the price curves
under Skim Both, the retailer try to increase the first period price and decrease the second
period price steeply in Skim Myopic. The retailer tries to encourage strategic consumers
to make purchases in the second period. This behavior coincides with the proposition
above. With fewer strategic consumers, the retailer’s potential profit from the second
period diminishes. Retailer cares less about strategic consumers and seeks to defer them
all to the second period, while focusing attention on first period demand stemming from
myopic consumers. Yet, the retailer stocks a lower inventory level and sets a higher first
period price (partially to divert strategic consumers to the second period). Ultimately, this

behavior results in less profit for the retailer.

In this section, so far, we have found that the second period selling price in low demand
scenario, Rys, decreases in a. Thus, as more myopic consumers exist in the market, Ry,
keeps decreasing until it reach 0. Under low demand, the retailer employs a very low selling
price in period 2 to sell all the left-over inventory. As the proportion of myopic consumers
increases in the market, more myopic consumers purchase products in period 1, and more
strategic consumers wait to purchase in period 2 as a result of the low selling price Rps.
The analysis conducted so far is not applicable any more if the selling price in period 2 is
less than 0. Cases in which the selling price in period 2 equals 0 as discussed in the next

section (4.2).

The single most striking observation to emerge from the comparison is that profit
function decreases as the number of myopic consumers increases. As mentioned, this

finding corroborates the ideas of Su (2007), who identified this as the result of scarcity
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and heterogeneity of consumers. As more myopic consumers exist in the market, fewer
products are left for period 2, which further increases the selling price in period 2 so that
fewer strategic consumers have the ability to purchase. The retailer at this point cares
less about strategic consumers and defers more of them to period 2 by increasing R; and
decreasing R as « increases. Thus, with fewer strategic consumers, the retailer’s potential
profit from both periods 1 and 2 diminishes (recall that only strategic consumers may delay
their purchase to the second period). Another possible explanation for this finding is that
strategic waiting consumers may result in extra sales if a lower price is charged in the

second period.

5.2 Case b: Inventory Depleted Completely in pe-

riod 1 under High Demand

Recall that if either « < 0.5 or § > d; and o > 0.5, then Vg > V;, > Rpgo. We analyzed
this condition in the Clearance Sales strategy case. Next, we investigate what happens if
0 is less than ;. When 0 < §; and a > 0.5, Vg < Vp < Rps. The selling price under
high demand in period 2, Rps, is irrelevant at this point since the entire inventory is sold
in period 1. Therefore, the demand under high demand in period 1, Dy, is equal to the
inventory level, K, and the selling season ends right after period 1. This strategy is good
for the retailer to shorten the shelf time and save the inventory cost, which may result in

higher profit compared to the based case illustrated in Section 4.1.

Based on the analysis in section 4.12, the combining valuations of o and d results in this
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situation. It happens when the proportion of myopic consumers is between 50% and 75%
and the consumers’ patience level is relatively low or the proportion of myopic consumers
exceeds 75%. Since the patience level is very low for strategic consumers, and few strategic
consumers can benefit from the waiting and purchasing in period 2, the retailer can charge
a relatively low price for the product in period 1 to induce early purchases in period 1.

Since there is no second period if demand is high, Vg is not relevant, and strategic

—dRp2(1-p)

consumers consider only Vp, V =V, = Rllf Sop) Even though the sales under high

demand is set to be equal to inventory level (K), we do not know if the retailer sells every-
thing under low demand. Hence, we still need to explore whether inventory is completely

depleted during the selling season or not.

As before, we get the corresponding demand functions under Skim Both. To distinguish

this special case from the basic ones, we call it SB-AH.
Under Low demand:

DIBAT = N (1—R))+(1—a)N(1-V) =aN,(V —R))+ Ny (1-V) and DIE-AH =
(1 — Oé)NL<V — RLQ).

Under high demand:
D$EAR = K and D35~4H = 0.

The profit function under low demand is given by HEB “AH — R D;1 4 RioDg — cK ,
and under high demand is I3 = R, Dy —cK. Thus, the retailer’s total expected profit

is [ISB-AH = p Ty + (1 — p) - .

Recalling that we assume that the retailer employs Clearance Sales strategy, the selling
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price in period 2, Rps, is determined by the demand and the leftover inventory (i.e.,

K = Dy, + Dpy). Specifically, Ry, = =28—efatl

-«
Since the inventory is sold completely in period 1 if demand is high, the selling price in
period 2, Ry, is also determined by the demand and the leftover inventory (i.e., K = Dyy).
Thus, Ry = —K — K0+ 1.

The model is solved backward to yield the subgame perfect Nash equilibrium, which
allows us to derive the equilibrium pricing policies. We identify subgame-perfect Nash
equilibrium and show that, given the retailer’s strategy, the equilibrium in the consumer

subgame is unique.

The profit function is by:

[[SB-AH _ K(-10K-3K6+8+8Ka+daKé-8a—8ct8ca)
- 8(1—a) :

Based on the profit function above, the profit function is concave in K, there is always

an optimal inventory level exist.

Proposition 8 Consider the Clearance Sales strategy in Case SB-AH where § < 01, as-

suming p = % and N = %, where SB-AH is employed, the retailer’s profit function is

strictly concave in the inventory quantity stocked.

217SB-AH —10— . . o e .
Proof. In SB-AH case,? gKQ = —(8+4f()10‘7;)0 3 The denominator is positive since

a € (0.5,1). And the numerator is strictly increasing in «; when a = 0.5, the numerator

= —6—0 < 0, and when o = 1, the numerator= —2 + § < 0. Thus, the numerator is

QHSB-AH

. 277SB-AH
negatlve, aBT < 0. So o7l

OK?

is negative and the profit function is strictly concave

nkK. m
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. . . .. . _ 17SB-AH _ 4(1-¢)(1—a)
The corresponding optimal stocking decision is K = K = T0r35-8a—1a5"

Substituting the K in the profit function: ITSB-AH = j)(jgj—m, and the corresponding

prices and threshold valuation are

(R R ) _ (—4c+4coc—6+4o¢—205+20a5—5+2a5 —2—35+4a+2a5—8c+40a+20a5).
L 24L2) = —10—30+8a+4ad ’ —10—30+8a+4ad ,

V= —30+2a0+2cad—4ct+4ca—6+4a
- —10—-30+8a+4ad

1

5 and

Proposition 9 Consider the Clearance Sales strategy where § < 0y, assuming p =
Ny, = %, as myopic consumers are more numerous in the market, (i) the capacity function
K is strictly decreasing in o, which implies that as myopic consumers are more numerous

in the market, the retailer chooses a lower capacity; (ii) the retailer gets less profit in case

SB-AH.

HIISB-AH 2(1—¢)%(2—5)

Proof. Follows immediately from “— = —(C10-35 180 Tdad? < 0
HKSB-AH 4(1—c)(2—6)
and 50— = — {7 35 18a7das? < U ®

However, the retailer cannot always take the optimal stocking decision for K since the
retailer may switch to Skim Myopic, or Rps may reach zero as « increases; and either of
them may happen first. The next step is to analyze the switching points under this case

where all products are sold in period 1 under high demand.

When R, = 0, KSB-AHRL = %. In this case, the inventory decision is equal to
the true demand so that the retailer does not have any leftovers, and it is denoted as SB-

AH-RL for skim both case and SM-AH-RL for skim myopic case. The inventory decision

should be equal to the smaller of KSB-AH and KSB-AHRL for feasibility. Let ag denote the
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: SB-AH __ 7-SB-AH-RL — _ 243548 SB-AH ;
value of o which solves K =K ,and az = Satotactd) > 0.5. K is less

than KSB-ATRL when o < ag, so ag is the value of « for the switching point of Ry, = 0.

Let a4 denote the value of o which solves V =1, and ay = > 0.5. We need to

2
2+6
compare a3 and a4 to learn the switching sequence.

o o 35_2+4C . o . . . . .
a3 — Qy = 555 11y can be either positive or negative, so there is no fixed relationship

between a3 and ay. When as < ay, the retailer switches from SB-AH to SB-AH-RL then
SM-AH-RL as « increases. When as > ay4, V reaches 1 before R;s becomes 0, and the
retailer switches from SB-AH to Skim myopic when he sells everything under high demand
in period 1, which is denoted as SM-AH; then he switches from SM-AH back to SM-AH-RL.

Let ¢, denote the value of § which solves a3 = ay, and 6, = % — %c. The switching

sequence is listed below as « increases.
0 <9, SB-AH — SB-AH-RL — SM-AH-RL

0>, SB-AH — SM-AH — SM-AH-RL
There is a significant difference between the two conditions, which is demonstrated in

more in detail in the next two subsections.

5.2.1 The Switching Sequence When ¢ < ¢,
Case SB-AH-RL

When § < 6,, K = KSBAIRL if o > 5. So all demand functions are the same as in

SB-AH. The only difference between SB-AH and SB-AH-RL is the inventory decision.

Substituting K in the profit function, ITSB-AHRE — (lfa)(gi’i;;gffg)?zlcaa).
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The corresponding prices functions and threshold valuation function are (Ry, Rrs) =

(+7=2—,0) and V = >

4—2a—« 4—-2a—ad”

Solving V' =1 in «, we have o = = qy, so when a > ay, the retailer switches from

755
SB-AH-RL to SM-AH-RL.

Proposition 10 Consider the Clearance Sales strategy where 6 < min{dy, d,} and az <
a < oy, assuming p = % and Ni = %, as more myopic consumers exist in the market,
(i) the capacity function K is strictly decreasing in «, which implies that as more myopic

consumers ezist in the market, the retailer chooses a lower capacity; (ii) the retailer gets

less profit in SB-AH-RL case.

OKSB-AH-RL 2(2—6)
Proof. Oa T 7 (—4+2a+ad)? <0
U = — 5, where fiy = (36 +4¢8 + 6 + 8c)a — 65 — 16¢.

The denominator is positive since 4 > 2a — «d.

f11 1s increasing in «a, and solve f1; in a, o; = ?ﬁrffé—%‘ Recall that SB-AH-RL can
be implemented only if o > a3. Since az — a5 = 5 T 6)3’((;;;3)(1 5 > 0, ag > a5. Therefore,

. o ot
f11 is positive when o > ag, so % <0. m

Case SM-AH-RL

Since the retailer switches from SB-AH-RL to SM-AH-RL, the inventory decision is still
Rrs = 0, and only myopic consumers decide to purchase in period 1, so the threshold val-
uation (V) is 1. The profits function remains the same and the updated demand functions

are listed below.
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Under low demand:
DSY-AHERL — N (1 — R;) and DSY-AERL — (1 — )N (1 — Rp,).
Under high demand:

SM-AH-RL __ SM-AH-RL __

As before, the selling price in period 2, Ry, is determined by the demand and the
leftover inventory (i.e., K = Dy + Dypo).

_ 2K—aRi1+1
RL2 o e .

Since the entire inventory is sold completely in period 1 if demand is high, the selling
price in period 2, Ry, is also determined by the demand and the leftover inventory (i.e.,
K = Dp1). Thus, Ry = =X,

The profit function is given by:

HSM—AH—RL _ (=3K+2Ka+4a—4a?—4catdca?) K
o 4(1—a)a ’

Recall that all products are sold during the selling season and Rys = 0. So KSM-AHRL =

1 — «a, which is solved from R, = 0.

Substituting K in the profit function, ITSM-AH-RL — (lfa)(figﬁa%ca). And the corre-

sponding prices are (Ry, Rpa) = (=122,0).

Proposition 11 Consider the Clearance Sales strategy where 6 < min{dy, d,} and a >
g, assuming p = % and Np = %, as more myopic consumers exist in the market, (i)
the capacity function K 1is strictly decreasing in o, which implies that as more myopic

consumers ezist in the market, the retailer chooses a lower capacity; (ii) the retailer gets

less profit in SM-AH-RL case.
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SM-AH-RL
Proof. 25 """ — 1 <0

[ole"
SM-AH-RL . .
ar——— = i%, where fio = —60a% 4 3 + 4ca?, and f)5 is concave in a.
. o 3 . oy . 3
Solve fi9 in «, and we get o = + = So fi12 is positive when « € [0, JﬁL and

negative when a € (\/ls%ﬁ, 1].

Recall that SM-AH-RL can be implemented only if o > a4 and 6 > J,. Recall that

3
4—2c

2
2+6

g = andéa:§—§0,80a>

Since 4 — 2¢ < /18 — 12¢, so 4_320 > \/183_120. Thus, A is always negative when o €

NMspp,
o <0. m

(. 1]. Therefore,
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Figure 5.5: Optimal pricing policy and inventory level under Clearance Sale assuming AH
is employed; 0 = 0.35,¢ = 0.2. Note that the profit decreases to 0 as « increases to 1,
which is unlikely to be optimal.

When ¢ equals to 0.1, 9, = % — %c le=0.1= 0.4. If the patience level is evaluated as 0.35
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which is lower than d,, the selling price in period 2 under low demand decreases to zero
before the threshold valuation reaches one. Therefore, the retailer employs SB-AH when «
is between 0 and «a3; SB-AH-RL is adopted when « falls into the interval of [as, ay); SM-
AH-RL is employed when « is larger than a4. The results obtained from the preliminary
analysis of case AH are shown in Figure 5.5. As can be seen from the Figure 5.5 below,
only the selling prices under low demand is given for period 2 since all products are sold

in period 1 under high demand.

There are clear trends of decreasing inventory level and profit function as the propor-
tion of myopic consumer increases in Figure 5.5. The observed correlation between o and
inventory level, K, might be explained in this way. Since all products are sold in period 1
under high demand, strategic consumers only have two options left: purchase in period 1 or
purchase in period 2 only when demand is low. More strategic consumers will consequently
consider purchasing in period 1. However, the consumer’s patience level is at an intermedi-
ate low level. Intuitively, the threshold valuation is lower than the one in basic Skim Both
and Skim Myopic cases. As more myopic consumers exist in the market, more products
will be sold in period-1, leading to even fewer units left for period 2. Since the demand in
period 1 is increasing, the selling price in period 1 is relatively high and increasing in «,

which limits the demand in period 1. The total demand therefore decreases as « increases.

Even though the selling price in period 1 is higher as « increases, the extra incomes on
products sold in period 1 is not going to compensate for sales lost because of the quantity
of multi-units of strategic consumers. It is possible to hypothesis that these conditions
cause the declining profit function trend when myopic consumers are more numerous in

the market.
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5.2.2 The Switching Sequence When ¢ > ¢,
SM-AH

When § > §,, we switch from SB-AH directly to SM-AH while the selling price in period 2
under low demand, Rp,, is strictly positive. The switching point between SB-AH and
SM-AH is solved from ITSB-AH — [ISM-AH " which is happen to be the same one as the one

solved rom VSB-AH = 1. So the switching point in a is ay.

The demand functions are the same as in case SB-AH, but substituting V' as 1. The
profit function under low demand is given by IIMAY = R Dy + RpsDpy — cK, and
under high demand is H%M‘AH = R1 Dy — cK. Thus, the retailer’s total expected profit is

[ISM-AH — pITyy + (1 — p)II,.

As the process done in case SB-AH, we get Ryo = %O‘:*“ and Ry = 2=£ The profit
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[ISM-AH _ (—3K+2K at+4da—4a?—4ca+4ca?)

e K Based on the profit function above, the

function is

profit function is concave in K, so there is always an optimal inventory level exist.

Proposition 12 Consider the Clearance Sales strategy where 6, < 0 < 61 and o > 0.5,
, assuming p = % and Np = %, the retailer’s profit function is strictly concave in the

inventory quantity stocked, which guarantees an optimal stocking decision in SM-AH case.

SISM-AH 3 9,
Proof. “—F7— = o) < 0.
277SM-AH . . . . . .
SOQ%T is negative and the profit function is strictly concave in K. m

2(1—c)(1—a)«

. . . .. . SM-AH _
The corresponding optimal stocking decision is K = o
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[ISM-AH _ a(l—a)(c=1)?

Substituting K in the profit function, e

, and the corresponding

<1+20720a 74a+2ca+3> and v = 1.

prices and threshold valuation are (Ry, Ry2) o o

Proposition 13 Consider the Clearance Sales strategy where 6, < 0 < 01 and o > 0.5,
assuming p = % and Ny, = %, as more myopic consumers exist in the market, (i) the capac-
ity function K is strictly decreasing in «, which implies that as more myopic consumers

exist in the market, the retailer chooses a lower capacity; (ii) the retailer gets less profit in

the SM-AH case.

£ OKSM-AH — 2(1—¢)(2a2—6a43)
: da (—3+20)2

Proo < 0.

BHSI\/I—AH o f13(176)2

where f13 = (2a? — 6a + 3), and fy3 is convex in a. Solve fi3 in «,

da T (3—2a)?
and we get a = (2.366,0.6340). Recall that the precondition of SM-AH is a@ > a4 = 2%
and oy > % So fi13 is negative when « € [ay, 1]. So ‘fmsf)% <0. m

When 6 > §,, the switching point between SM-AH and SM-AH-RL is derived from the
of selling price function in period 2 under low demand in case SM-AH. By solving R;5 = 0
3

in a, We have a5 = m

When c is equal to 0.1, ¢, is 0.4. If the patience level is evaluated as 0.7 which is
larger than ¢,, the threshold valuation reaches 1 before the selling price in period2 under
low demand decreases to 0. The retailer employs SB-AH when « is between 0 and ay;
SM-AH is adopted when « falls into the interval of [ay, as]; SM-AH-RL is employed when
« is larger than ay. The results obtained from the preliminary analysis of case AH are
shown in Figure 5.6. Similar to Figure 5.5, only selling price under low demand is given

for period 2 in Figure 5.6 since all products are sold in period 1 under high demand.
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Figure 5.6: Optimal pricing policy and inventory level under Clearance Sale assuming AH
is employed; 6 = 0.7,¢ = 0.2.

There are also clear trends of decreasing inventory level and profit function as the
proportion of myopic consumer increases in Figure 5.6. The observed correlation between
« and inventory level, K, follow the same arguments as in the previous segment of switches

since they are both under case AH.

Next, we state the relationship between the patience level and retailer’s profit function.
Intuitively, we know that the profit should decrease if strategic consumers are more patient
since they have a higher chance to wait and purchase in period 2, but still satisfy with

their purchases.

Proposition 14 Consider the Clearance Sales strategy in Case (b) where 6, < 6 < 6; and

a > 0.5, assuming p = % and Ny = %, as strategic consumers are more patient in case

29



AH, (i) the retailer either gets less profit under Skim Both cases; (ii) the retailer’s profit

is irrelevant in in & under Skim Myopic cases.

AIISB-AH  2(c—1)?(3—4a)(1—a)
Proof. In SB-AH,*—— = — (C10-3018atdas)® 0.

[1SB—AH—-RL

In SB-AH-RL, 2 T = 2&:31@‘3)3, and the denominator is positive since 4 >

200 — ad.

fia = =12+ (8¢ + 4cd)a? + (18 — 36 — 16¢)«, solve fi4 in «, the roots are

—184-36+16¢+1/324—1085—192¢+952+288c5+256¢2
8(2+0)c

. One root is negative and the other is between

0 and 1. Let’s demote the positive root.

. _ — _ 2 2
That is ag = 18436 +16c+1/324—1085 —192c¢+9524-288¢5+256¢

3(219)c . Recall that the precondition of

SBRrr is @ > a3. Since az — ag > 0, az > ag. Therefore, f14 is negative when a > 3. So

OIISB—AH—-RL

55 < 0.

—AH—-RL

In SM-AH-RL, 21772

= 0. In SM-AH, 2227 — 0,
profit function is therefore irrelevant in ¢ in SM-AH-RL and SM-AH cases. =

The analysis has so far focused on the cases where supply was completely depleted. We
have noticed that this issue as the selling price in period 1, Ry, is equal to the consumer’s
maximum willingness to pay, no consumers purchase in the first period when all consumers
are myopic. Also, the retailer charges a price as 0 in period 2. Therefore, the retailer ends
up in getting zero profit when all consumers in the market are myopic. The model where

supply exceeds demand fills in the gap to resolve the problem.
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5.3 Case c: Possible Leftover Inventory after Clear-

ance Sales

If Dy < K — Dy, supply exceeds demand and some inventory remains after the selling
season. This case is named after supply exceeds demand, denoted as SD. The demand
functions for both Skim Both and Skim Myopic cases are the same as in the basic Skim

Both and Skim Myopic models in section 4.12.

Since supply exceeds demand when demand is low, the selling price in period 2 under

low demand is zero if the retailer releases all the inventory.

Recalling that under Clearance Sales strategy, the selling price in period 2 under high
demand, Rpz, is determined by the demand and the leftover inventory (i.e., K' = Dp1+4Dps).

We have (R35SP, R3E-SP) = (=E=efitl ) and (R$ESM, RIB-SM) = (=E-afutl o)

-« -«
The selling price in period 1 is obtained from the first-order condition, which is to

maximize the profit. For the first-order conditions, an optimal solution is

RSB—SD _ —ad—2a+T7aKd—4aK—36+10—3K5—4K
7 =

RSB-SM _ 5—a—iK
2(—3ad—2a+a25+6) 1 2

and = 56=a) -

[ISB-SD — Ao

The profit functions are = =9 Bast2a—aT9=6

] and

[ISMSD — —oZtatl6eRad MKAMIC A where Ay = —4+ 120K 6 — 112K +4a+ 160K +
126 — 1206 + 132K 6 — 64cK o — 192K 5+ 80K? + 192cK — 72K26 — 32cK ad — 32cK a?6® +

32cK a5+ 96cK ad? — 300K 5?2 — 720 K26 +57aK%6% — 952 +9a6? — 18 K62 — 9K 262 + 16 K 2

Based on the profit function above, the profit function is concave in K, so there is

always an optimal inventory level exist.
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Proposition 15 Consider the Clearance Sales strateqy, assuming p = % and Nj = %,
the retailer’s profit function is strictly concave in the inventory quantity stocked, which

guarantees an optimal stocking decision under case SD.

: - 92MSB-SD - 57052 —72a64+160—952 725480
Proof. Under Skim Both pricing, 57— = T603—a) (1-8) (2—a®) , where the de-

nominator is positive.

The numerator can be written as fi5 = ad? + bd + c. Since a;(’;;‘” is 1140 — 18 > 0 when

a > 0.2, function fi5 is convex. The discriminant of fi5 is Ay, = 384(7 — 4a)(3 — a) > 0,

. 4(94+90+V126—114a+240?) 4(94+9a—+/126—114a+240?)
f15 has two real number roots, which are 3(—31190) and 3(—37190) .

The two roots are both larger than 1 when a > 0.2. So function fi5 is positive. Therefore,

BQHSB—SD

function “—5z— is negative, which means that Ilsp is strictly concave in the inventory

quantity stocked.

2HS]M—SD 3

Under Skim Myopic pricing,aT = ~30-a < 0 m

The corresponding optimal stocking decision is

(160262 16028 —48a% +16a5+32a+960 —96)c+ 1562 — 68 —8a+95% —665+56 f5<4
3

K 5762 —T72a6+16a—962 —725+80

%ca —c+ % otherwise.

Substituting K in the profit function, we have

[ISB-SD — (24062 —8ad+8025+48—485—8a2 5% —16a)c? +(—56—95% +605+666 — 15062 +8a)c—276+952+18
5782 —T206+160—9562 —725+80

SM-SD _ _ 1.2 1 1_1.,1.2
and 11 = —gc*a+ 5+ 5 — 3¢+ 3¢5,

and the corresponding strategic consumer critical valuation is

36cad?—95%2—72cad—365 —24c5+48+32ca+32¢
57062 —72064+16a—952—725+80

if a < ay

V=
1 otherwise.
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o, is solve from IT5B-SP = [ISM-SD jp

_ 4(6¢5—95—8c-+8)
And o7 = g 25153016

The model should satisfy the condition, which is that supply exceeds demand. We
therefore need to test whether the inventory level, K, is larger or equal to the actual sales

SB-SD | 1SB—SD A
L1 + Dy

under low demand. By solving D = T6e(I162-15040)

= K in a, we get ag

Az = 120c0% + 362 — 24¢6 + 125 — 96¢ — 16 + (256 — 1121286 + 33792¢? — 1024¢ — 3846 —
8784cdt + 21504cd — 48512¢6? + 36816¢5 + 95% + 14400c25* — 73344c?63 + 137280262 +
4862 4 726°%)3

So case SB-SD is only feasible when the proportion of myopic consumers is larger than

ag. Similarly, we solve D7 + D73 = K in «, and get ag = 2. Hence, the case SM-SD

is only feasible when the proportion of myopic consumer is larger than ay.

Proposition 16 Consider the Clearance Sales strategy where o > ag in Skim Both and
a > ag in Skim Myopic, assuming p = % and Ny = %, as Mmore Mmyopic consumers exrist
in the market, (i) the capacity function K is strictly increasing in o, which implies that as
more myopic consumers ezist in the market, the retailer chooses a lower capacity; (ii) the
retailer gets more profit in SD case.

OKSB=SD 1 1.2 :
Proof. “*—— = 1z — ;¢? > 0 since c € [0,0.5].

oneoER (570(52_72@&11_62@552—725 5o Where fig = (456¢%6° — 576¢%6° + 128¢°5)a” +
(—144c%6% — 1152262 4-1280¢%6 ) o+ 5130° + 2688¢25 — 648¢0° +21625° — 36480 + 273662 —

864c%5? — 288 — 2048¢* — 167462 + 14408 + 1536¢

63



Since Zhe = 16¢25(5762 — 726 + 16), 2K > 0 when § € [0,12 — £/6] and 24 < 0

when § € (2 — £1/6,2 + £/6].

8

Function fis is convex when § € [0, 12 6] and function fig is concave when

»19 T 57
o€ (2 — —\/6, }3 + 6]. The two roots of function fig solved in a are both negative
when § € 0,22 — & 6] When § € (12 — 26, 12 + £+/6], one root is positive and the

SB—SD
d "0 > .

other is negative. Thus, function fi4 is always positive. An =

SM—-SD
W(Tzl—lﬁ——c > 0 since ¢ € [0,0.5].
SM—SD

Figure 5.7 shows how prices, inventory levels and corresponding profits change as the
proportion of myopic consumers increases under the Clearance Sale strategy where supply
exceeds demand. In this figure, we can also notice that the threshold valuation is higher
than the selling price in period 2 under high demand (Rps). Note that Ryo > Ry > Rpo
under SD. The graph shows that prices steady increases as the proportion of myopic
consumer increases in the Skim Both cases, whereas the prices are irrelevant with « in
the Skim Myopic case. The cause of this difference is the adoption of a different pricing
policies. Recall that the retailer sells all inventory during the selling season if the demand
level is high and sells the leftover in the price of 0 in period 2 under low demand level since

supply exceeds demand in the second period.

The intuition for the increasing prices in « is straightforward. When more myopic
consumers exist in the market, more consumer will purchase in period 1 which improve
the competition between consumers for available inventory units. In Skim Myopic cases,

all strategic consumers wait to purchase in period 2 and they either pay a higher price
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compared to period 1 or get the product for free. This situation happens when the pro-
portion of myopic consumers is relatively high in the market, so when « is high enough,
the retailer manipulates prices to defer all strategic consumers to period 2 and charges a

constant price in this interval of a to capture the profit from strategic consumers.

Interestingly, some strategic consumers purchase in period 1 under Skim Both case even
though they know that they have the chance to get the product in period 2 for free if the
demand level is low. Those strategic consumers do so to avoid the risk of purchasing the
product in a much higher price in period 2 under high demand, which is a logical and

reasonable strategy.
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Figure 5.7: Optimal pricing policy and inventory level under Clearance Sale assuming S D
is employed; d = 0.6,¢c = 0.2.

Compared with the analysis in basic Skim Both and Skim Myopic as well as AH, the
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analysis conducted in this section can let the retailer obtain more profit if the proportion
of myopic consumers is high in the market. The proposition above proves that the profit
function is strictly increasing in a. In Skim Both, the inventory stocked by the retailer
barely changes as « increases, however, the prices is steady increasing as the myopic con-
sumers are more numerous in the market. Therefore, the retailer obtains more profit as «
increases in Skim Both case. By analyzing the Skim Myopic only, we know that the retailer
will isolate myopic consumers from strategic consumers so that he can price differently for
the two groups. Therefore, the retailer can capture the profit from both groups by pricing

discrimination.

Proposition 17 Consider the Clearance Sales strategy in Case (c) where a > vy, in Skim
Both and o > az in Skim Myopic, assuming p = % and Nj = %, as strategic consumers
are more patient when supply exceeds demand, (i) the retailer gets less profit under Skim

Both case; (ii) the retailer’s profit is irrelevant in § under Skim Myopic case.

Proof. In Skim Both,aHSa# = —(1(}2))’;”,Where fi1s i1s a function of o and ¢ , and

fir = (20cad — 16car — 36 4 16¢ + 336 — 24¢0) (6cad — 8car — 24 + 24¢ + 275 — 18¢0).

Since% = 2(20¢d — 16¢)(6¢o0 — 8¢) > 0, fi7 is convex. Since the discriminant of

function fi7 is larger than 0, function f;; has two same real roots which are

(3671607336+24c6 3(8—8c—95+6¢5) )
i(Bo—4)c 0 2(30—4)c

Therefore, ansaﬁ < 0 in Skim Both case.

. Both roots are less than zero, so function fi7 is positive.

. . QHSB SD
In Skim Myopic, = —s—

s— = 0, so profit function is irrelevant in ¢ under Skim Myopic

case. H
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How the profit changes as consumer’s patience level increases is demonstrated in the
proposition above. The retailer will lose profit if the patience level of strategic consumers

increases under Skim Both cases.

5.4 Summary of Clearance Sale Strategy

Three parts of the Clearance Sale strategy have been analyzed separately in the previous
sections. It would be hard to interpret the models and pricing policy separately. Thus,
we need to combine the different elements of the Clearance Sale strategy to draw a full
picture of it. However, with different combination of parameter valuations for «, ¢, and
¢, caution must be applied, as different models may be feasible in the same range and the
optimal one with higher profit should be chosen by the retailer. Since it is hard to analyze

the model based on parameter ranges, numerical examples are give below.

The first example is given in § = 0.35 and ¢ = 0.2 in Figure 5.8. As discussed above, we
know that basic Skim Both and Skim Myopic, SB-AH—SB-AH-RL—SM-AH-RL under
AH and SD models are feasible in this region of parameters. By comparing the profit
functions of those models, the dominated ones are employed based on different intervals
of a. As shown in Figure 5.8 when § = 0.35 and ¢ = 0.2, the basic Skim Both model is
adopted when less than 0.56 of consumers are myopic. When the proportion of myopic
consumers is between 0.56 and 0.64, the retailer employs the model of SB-AH to sell
everything in period 1 under high demand since over half consumers in the market are
myopic and strategic consumer’s patience level is relatively low. When the proportion of

myopic consumers is sufficiently high (above 0.64 in this instance), the Skim Both model
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Figure 5.8: An example of combination of Clearance Sale strategy in the case of § =
0.35,¢=0.2.

under SD strategy will be adopted. The retailer stocks much more inventory compared to
the basic Skim Both and SB-AH and charges a lower price in both periods to capture less

profit from individual consumers, but sells much more stock.

Now, let us increase the strategic consumers’ patience level to 6 = 0.7. This case is
illustrated in Figure 5.9. Following analysis steps similar to those in the last example, we
find that the best choice for the retailer when « is small is still basic Skim Both. However,
the retailer should switch from basic Skim Both into Skim Myopic directly if « is larger
than 0.7.

Numerically, the two combinations of choices for the retailer mostly dominate all pa-

rameter intervals. One may notice that the trends of inventory levels under sufficiently
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Figure 5.9: An example of combination of Clearance Sale strategy in the case of § =
0.7,¢=10.2.

high « are different in Figures 5.8 and 5.9. At intermediate low level of ¢ (§ = 0.35), K
decreases in a when supply exceeds demand. Moreover, the retailer uses SB-SD under this
parameter level. As more myopic consumers exist in the market, fewer and fewer strategic
consumers will wait for period 2 since delta is not high, and retailer keeps less inventory
to save the inventory cost. And retailer can also charge a higher price within a limited
inventory level to capture higher profit. However, when ¢ equals to 0.7, K is increasing in
a because the retailer employs Skim Myopic. All strategic consumers wait for period 2.
Even though sales number (realized demand) in period 2 is decreasing in . But the sales

number in the first period is significantly increasing in «. Also the prices are irrelevant
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with alpha in Skim Myopic. That is why retailer has an increasing K in o when patience

level is high.

Consider the cases of basic SB/SM and AH under the Clearance Sales strategy, the
retailer’s profit function is strictly concave in the inventory quantity stocked. which guar-
antee an optimal inventory decision. Also the capacity function K is strictly decreasing in
a, which implies that as myopic consumers are more numerous in the market, the retailer
chooses a lower capacity. Also, as the proportion of myopic consumers increases in the
market, the retailer gets less profit. As we stated before, this finding counters common
intuition that strategic customers who consider all available purchase choices hurt retailer’s
profit. Su (2007) identified finding as the result of scarcity and the heterogeneity of con-
sumers. In our model, with fewer strategic consumers, the retailer’s potential profit from

both period 1 and period 2 diminishes.

Another possible explanation for this behavior is that the retailer will not lose the
strategic consumers immediately if he charges a very high price in period 1, and extra
profit may be obtained from strategically waiting consumers if a lower price is charged in
the second period. Considering the sales lost from strategic consumers, the retailer stocks
less as more myopic consumers exist in the market. Therefore, these variations may result
in a corresponding decrease of profit in . Cachon and Swinney (2009) also find that
a firm stocks less with strategic customers than without them in the uncertain demand
case. This finding has important implications for developing the dynamic pricing theory
since strategic consumers’ behavior may actually benefit the retailer. We note that in the
cases of basic SB/SM and AH, the retailer ends getting zero profit when all consumers are

myopic. This seems unlikely the optimal case, which also leads us to the case SD.

70



In Skim Both case, the inventory stocked by the retailer barely changes as « increases,
however, the prices is steady increasing as the myopic consumers are more numerous in
the market. Therefore, the retailer obtains more profit as a increases in Skim Both case.
By analyzing the Skim Myopic only, we know that the retailer will isolate myopic con-
sumers from the strategic consumers so that he can price differently for those two groups.

Therefore, the retailer can capture the profit from both part by pricing discrimination.

Case SB-SD is only feasible when the proportion of myopic consumer is larger than
ag. Similarly, the case SM-SD is only feasible when the proportion of myopic consumer is
larger than agy. Therefore, the retailer only consider the basic SB/SM and AH when « is
relatively small. Moreover, if basic SB/SM or AH models is employed, the retailer obtains
zero profit when all consumers are myopic. The retailer has to adopt SD to profit. Then
we know a switch must occur for a certain value of o, hence up to this value of «, retailer’s

profit decreases in «, thereafter his profit increases in a.

As strategic consumers are more patient in cases of basic Skim Both and Skim Myopic,
the retailer’s profit strictly decreases. However, as strategic consumers are more patient in
cases of AH and SD, the retailer gets less profit under Skim Both cases and the retailer’s
profit is irrelevant in in § under Skim Myopic cases. The retailer isolates myopic consumers
from the strategic consumers in Skim Myopic so that he can price differently for those two
groups. The retailer ignores strategic consumers’ patience level when he makes the pricing

decisions. Hence, the profit function is irrelevant with 0.
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Chapter 6

Optimal Release Strategy

In the previous section, the Clearance Sales strategy was studied in isolation. In this
section, we assume that Clearance Sales strategy is one available inventory release strategy
among other options. To find out the optimal release strategy, we study the Dynamic
Pricing strategy and Intermediate Supply strategy in this section. Of the three strategies,

the prevailing optimal release strategy is the one that maximizes the retailer’s profit.

6.1 Dynamic Pricing Strategy

In this setting, the retailer ignores capacity constraints during the second period of the
selling horizon and determines an original inventory ,K, that can satisfies the demand
under both Ny and Nj. However, after the first period demand is realized, the left-over
inventory is released optimally to maximize the profit. The retailer would like to keep a

proportion of the left-over inventory rather than sell items at a much lower price. In this
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section, we conduct the analysis for both Skim Both and Skim Myopic cases, but we find,

as we show later, that Skim Myopic is not feasible in this setting.

The realized demand functions are the same as the ones in the setting of Clearance
Sales strategy. We calculate the selling prices in period 2 differently here than we do for
the Clearance Sales strategy. The model is also solved backwards to yield subgame perfect
Nash equilibrium, which allows us to derive equilibrium pricing policies. Since the demand
in period 1 is already realized, the selling prices in period 2 are determined to maximize
the profit in period 2 only. We have Ryo = Ryo = % < R;.

Then the selling price in period 1 is obtained from the first-order condition of the profit

(0—4)?(6-1)
ad3—6ad2+10ad—4a—362+146—12)

function: Ry = 57

And IISB-DP — (16cad® —96cad?+160cad —64ca—48cd2+224c5—192¢) K —353 42752 —725+48
16(—ad3+6a62—10ad+4a+352—146+12) :

HIISB-DP
oK

Since = —c < 0, the profit strictly decreases in K. In the Dynamic Pricing
strategy setting, the retailer needs to have enough leftover inventory in period 2 to satisfy
the demand under both high demand, Dy, and low demand, Dys, as he releases inventory
to maximize his profit in period 2. Thus, the retailer needs to choose a relatively high
inventory level to satisfy this condition. Therefore, the retailer needs to choose the sales
under high demand to ensure the availability of Dynamic Pricing strategy. The inventory

level is given below:

_ _ —5a6%+6ad+ad®—4624185—16
K =D + Dpga = 2(ad®—6as2+10ad—4a—362+146—12)

Substitute K in the profit function:

[ISB-DP _ —8cad®+40cad?—48cad+33°+32c0°—2702—144¢)+720+128c—48
16(d3—6ad2+10ad—4a—362+145—12)

, and the corresponding strate-

gic consumer critical valuation is
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{/SB-DP _ (4-35)(4-6)
2(—ad3 4602 —10ad+4a+362—145+12

) and

_ _ (4—9))(1-9)
Rus = Rps = —a83+6002— 1000 +4a+362—146+12°

In the Skim Myopic case, we get the optimal prices of % for both periods, and the
corresponding cut-off valuation V is equal to %, which violates the condition for Skim
Myopic to hold V' = 1. This situation implies that the case of Skim Myopic is not realizable

under this setting, so we only have case Skim Both in the Dynamic Pricing strategy setting.

Since the second period price is always lower than the first period price, more strategic
consumers are motivated to wait and purchase in period 2. So the retailer would get less
profit than in the Clearance Sales strategy setting. Also, as the patience level increases,

more strategic consumers wait for period 2, to maximize their expected surpluses.

Proposition 18 When Dynamic Pricing strategy is employed, assuming p = % and Nj, =

%, the retailer’s profit is decreasing in strategic consumers’ patience, 0.

SB-DP 1— . .
Proof. MIT = —%, where fi9 is some function of o and ¢, and where fyp =
19

8(0% — 45 + 6)(0 — 2)%ca + (—16° + 64)c + 3(0 — 4)(36% — 1652 + 266 — 16).
Function fy is strictly increasing in « since 8(6% — 44 + 6)(6 — 2)%c > 0. Therefore, we
estimate fyo at @ = 0 to show fay |a=0> 0, which guarantees fy is always positive, and

Idllsp
hence 5 < 0.

fo0 |a=o= (—160% + 64)c + 3(6 — 4)(36% — 1662 + 268 — 16) is strictly increasing in ¢, so
we further evaluate faq at c. fag |e=o= 3(6 — 4)(36*> — 165 4+ 266 — 16) > 0. Thus, foo > 0

for a > 0 and ¢ > 0 implying as required. =
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Under Clearance Sales strategy, we found that II may increase in the proportion of
strategic consumers. Does the same hold true under Dynamic Pricing?
Land N; =

Proposition 19 When Dynamic Pricing strategy is employed, assuming p = 5

%, if ¢ < % and § < —%c + 2 — %\/ 16¢2 + 18, then the retailer’s profit is decreasing in o;

otherwise, the retailer’s profit is increasing in «.

Proof. QHZ]ZDP = (1_5)(2I§}(26_4)2f22, where fo; is some function of o and §, and fo =
21
302 4+ 8¢ — 128 — 16¢ + 6. Since % = —06, f9o is concave in ¢ and function fy5 has two

distinct real roots, which are foy = —%c—l—Qﬂ:%\/ 16¢2 + 18. Note —%c+2+%\/ 16¢2 +18 > 1
and 0 < —3c+2— 3v16c2 +18 < 1.

Set 05 = —3¢ + 2 — £v/16¢2 + 18, and &5 is decreasing in c¢. Note 65 < 0 if ¢ > 2.
Function fs is negative in the region of [0, d5], and positive in the region of [05, 1] if ¢ < %.
Therefore, W is negative ¢ < g and § < —%c +2— %\/ 16¢? + 18; otherwise, ansalsz is

positive. =

The proposition above states that the profit is decreasing in @ when the patience level
is relatively low and the unit cost is not too high. As more myopic consumers exist in the
market, more consumers purchase in period 1 by paying a higher price compared to the
price in period 2. We also need to consider the effect of patience level, §. If the strategic
consumers have a low patience level, less strategic consumers choose to wait for period 2
and pay a higher price in period 1. As « increases, only a very small portion of strategic
consumers choose to wait. In addition, the retailer decreases R; to induce early purchase by

strategic consumers. Therefore, profit decreases due the decreasing prices in both periods.
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If the patience level is high, more strategic consumers wait to purchase in the second
period since the purchasing cost is also lower than in period 1. The retailer expects
outcomes before the selling season, so he sets the selling price in period 1 lower (but still
higher than the selling prices in period 2) to encourage strategic consumers to purchase
in period 1. But the retailer obtains lower profit in this condition compared to when
consumers’ patience level is low overall since myopic consumers also pay a low price in
period 1. Two examples are given in Figure 6.1 to demonstrate the results of the previous
discussion. The differences are shown by employing same value of ¢, but different values of
0. In panel (a), the prices, threshold valuation and profit decrease in o when ¢ is low; while
in panel (b), all of them increases in o when ¢ is high. Also, we notice that the threshold

valuation under high patience level is much higher than the one under low patience level.

6.2 Intermediate Supply Strategy

After first period demand is realized, the leftover inventory is released to maximize the
profit under low demand, and all leftover inventory is sold under high demand. The
realized demand functions are the same as the ones in the setting of Clearance Sales
strategy. We find the selling prices in period 2 differently under low demand than we do
in the Clearance Sales strategy. The model is also solved backwards to yield the subgame
perfect Nash equilibrium, which allows us to derive the equilibrium pricing policies. Since

the demand in period 1 is already realized, the selling price in period 2 under low demand is

1—041}7%10£—K and RL2 — —5+o¢5R1+K6+2R1—2o¢R1'

2(1—a)(2—0)

determined to maximize the profit. Then Ryo =

The selling price in period 1 is solved backward by taking the first-order condition of the
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Figure 6.1: Two examples of profits and correponding prices and threshold valuations
under Optimal Release strategy.
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(=962 +12a6% —26—3006+160+16) K —36% —6a5+385 —40+-8ax And IS =
30282 —6a62 —8a25+400+360+4a2 —44+8a : -

, where fo3 = (1152 — 24966 — 14463 + 384a +

profit function, we have Ry =

fo3
32(1-0)(2—0)((362+4—88) a2+ (—602 145+ 8)a+365—44)
156862 — 840ad® + 1648a:6? + 1536 — 134406 — 8154)K2 + (—960&254 +4864c6% — 176062 +

37440 +192cad* — 18ad* — 1152¢8° + 544ca? 53 + 96063 — 546* — 704cad® — 25602 ¢ — 6528¢d +
2816¢—30400%+512cad — 1536+ 9600 +512cad? +8885% — 1088ca?§? — 512ca+896a2cd) K —
1924 9a6* +19200— 40052 41205 — 12006 — 48000 +4806 — 954 +400cd. The corresponding

threshold valuation is

V= (15K 5% —62K6%+2624+165+80K5—32K —35%—16)a+425% —18 K62 +80—1205+48 K §—32K) (36— 4)
4(1-6)(2—6) (30262 — 6062 +365+4ad —8a2§+4a2 —44+8a)

Based on the profit function above, the profit is quadratic in K.

Proposition 20 When SB-1S is employed, assuming p = = cmd Ny = %, the retailer’s
profit function is strictly concave in the inventory quantity stocked, which guarantees an

optimal stocking decision for the market clearing strategy.

Proof. Under Skim Both pricing,2 8K2 = 16(17052(‘176”25, where fo5 = —600% + 30262 +

360 — 8028 + 4ad — 44 + 402 + Sa.

The numerator fo; = (1536* —8400° + 164852 — 13440 + 384) v — 816* — 14443 + 15686% —
24960 + 1152. Since function fay is in a linear relationship in «, function fs4 is in the range
of [f24|a:07 f24\a:1]-

foajamo = —818* — 1445% 4 15682 — 24966 + 1152 > 0 and fogjee1 = 24(2 — 0))(1 —
§)(36% — 325 + 32) > 0, since both are positive, fyy is positive as well.

Now consider fos5, which concave in § (since a;£§5 = —6a(2 — a) < 0). Since the

discriminant of function fos is Ay,. = 16(a — 3)(a® — a? + 7a — 27) > 0, function fss has
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2a—202+94+v10a2 —4a3 —48a+at+81)

two real number roots, which are! 3
a(2—a)

> 1. Thus, function fo5 is

aZHIS

oz < 0. m

negative. And

6.2.1 Optimal capacity is employed for Skim Both under Inter-

mediate Supply Strategy

The optimal stocking decision under IS, when Skim Both is employed, is

JSBIS — f26

= (38411648621 15367 1344584067 )af 115224960 — 14465 1 156862 _8104 - where

fog = (—448¢ + 544¢d? + 128¢ + 48¢h* — 272¢63)a? + (352c3 — 4863 — 480 + 882 +
96 — 256062 4 256¢ — 96¢6* — 25600 ) v — 444653 — 18726 + 275 + 3264 + 576¢6% + 152062 +
768 — 2432c6% — 1408¢

Substituting K in the profit function and threshold function, we have

[15B-1S —

where

(15364—84053—13445+384+164862);7—&-156862—8164—24965—14463+1152 ’

for = —(16(0 — 1))(—2 + 0)(3a26? — 6ad* + 360 — 82 + 4ad + 4a? — 44 + 8a)c? +
(960:6% — 186* 4 9608 — 1536 — 304002 + 8886° — 540 + 37445 — 176062)c + 576 + 120662 —
3696° — 14406 + 276*

And VSBIS — (Z4430)(=276°+60cad” —248cab? 2462 7205 +19205+2400 +320cad —128ca—128¢—192)
- 1530:6*—8154 840063 — 14453+ 1568624164802 —24960 — 134406 +384a+1152

Prices functions are given by:

R, — 4(5—1)(=2+6)(96%+48cad? —36c5% —120cad —966 —8cs+64ca+64c+96)
1 = 153007—8161—8400> — 14453 +156862+16480:62 —24965— 134406 +3840+ 1152

R, — 206-1)(-276%160cab’ —248cad 2452 —72¢5+192c6 42405+ 320cad—128ca—128c—192)
L2 = 153067 —816% 84005 — 14463 + 156852+ 1648002 — 24966 — 134400+ 3840+ 1152

R — 4(6—1)(—246)(—275%460cad? —152cad—66—144c5+48+80ca+176¢)
H2 = 153a6%—816%—84000° — 14463+ 1568524164862 —24960— 134400+384a+ 1152
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Under Skim Both, the threshold valuation should be less than 1. However, the threshold
valuation may exceed one if the optimal inventory level is employed under a relatively high
patience level, and the corresponding case is not a Skim Both case anymore since all

strategic consumers wait to make their purchases in period 2.

6.2.2 Skim Myopic under Intermediate Supply Strategy

The realized demand functions and the methods of calculating prices are the same as the
ones in the setting of Skim Both case in the Intermediate Supply scenario. The only
change is to replace the threshold valuation with 1. We have Ry = %, Ris = %

The selling price in period 1 is solved backward by taking the first-order condition of

. P _ _ _ 2
the profit function, we have R, — 3-0=4K  Apd [[SMIS — 16cKa—3a+24K 48K +3-24K2.
) 2(2—a) 16(3—a) ’
VSM-IS _ —20-+2a3+6K6—8K+10-95
= 4(1-0)(3—a) :

Based on the profit function above, the profit is quadratic in K.

Proposition 21 When SM-1S is employed, assuming p = % and Np = %, the retailer’s

profit function s strictly concave in the inventory quantity stocked, which guarantees an

optimal stocking decision for the market clearing strategy.

82HSI\/I—IS _ 3
Proof. oKz I <0 m
Th ding optimal stocking decision is KSM215 = Leq + 1 —
€ corresponding Optlma stoc 1ng decision 1s = 3COé + 3 C.

Since we are solving the model under a Skim Myopic case, the threshold valuation

should be larger than or equal to 1, but the threshold valuation is actually less than one

30



when the optimal inventory decision is employed within a low interval of patience level
(6). If the optimal inventory level is employed under a relatively how patience level, then
the corresponding case is not a Skim Myopic case anymore since some strategic consumers

purchase in period 1. A different inventory decision is adopted to ensure the validity of

Skim Myopic cases, which is solved from VM = _20‘“2‘2??([5()‘(5:;?5“0_95 = 1in K. The
And KSMLIS — 20-208-2+3

inventory level is denoted as K9M! 3(4—30)

The switching point between these two cases is solved from KSMI-IS — fSMZIS iy §

which is denoted as 6., d. = %_4‘3 . Later, we further solve IIM1S = TISM21S 4 derive the

2(1—c)
switching point for consistency.

The smaller one between KSM-Sand K5M215 ig chosen as the inventory decision. When
§ < 6o, KSMZIS & [SMIIS Qg the inventory decision for V' = 1 should be chosen when
0 < d.; and the optimal inventory decision should be employed when § > .. Therefore,

_ pSMI-IS _ 2a—206—2436
Whenégéc,K—K _Q(T&s)

Substituting K in the profit function, we have

[ISMI-IS _ —(8(=4+36))(—2a+2a6+2—35) c—48ad+2405% +24a—4552 — 244726
- 16(4—36)2 :

And (Ry, Rps, Rip) = (552, 10_96))

(4—368)7 27 2(4—36
When 6 > §,, K = KSM*15 = %ca + % — c. Substituting K in the profit function, we
have TI929S = L2 — e+ 3 + 22 And (R, Rua, Ri) = (& + 2,3+ 1),
Figure 6.2 shows how the retailer’s profit changes as the consumer’s patience level
increases when the retailer employs the Intermediate Supply strategy. When consumers’

patience level is low, the retailer gets less profit than if strategic consumers are more

patient. This result is similar to what we have in the Clearance Sales and Dynamic Pricing
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strategies. Interestingly, when patience levels are sufficiently high, retailers may actually
benefit from increased consumer patience. This result may be explained by the fact that
the Skim Myopic pricing policy is employed when consumers’ patience level is sufficiently
high. Intuitively, the retailer encourages all strategic consumers to buy in period 2 by
manipulating the selling prices in periods 1 and 2. When strategic consumers’ patience
level is high, these consumers prefer to wait for period 2, which is also the retailer’s purpose.
Since retailer is able to time consumers’ purchase based on their types, the retailer can

price discriminatively to capture higher profit.

This finding has important implications for developing inventory release strategies and
pricing policies in revenue management. The retailer can take advantage of strategic con-
sumers’ behavior when they take into accounts all available information to make their
purchasing decisions. The market is becoming more transparent, especially with the in-

creased popularity of electronic tickets and on-line payment (Xie and Shugan 2001).

Compared to the Clearance Sale strategy and Dynamic Pricing strategy, Intermediate
Supply strategy is far too complicated to analyze. On the other hand, little research has
been found that provides models using Intermediate Supply strategy. It can, therefore, be

assumed that those are the reasons why this strategy is not employed widely.
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Figure 6.2: Retailer’s profit after adoption of an Intermediate Supply strategy; ¢ = 0.1, a =
0.3.

6.3 Integrating Clearance Sales, Intermediate Supply

and Dynamic Pricing strategies

We have analyzed each inventory release strategy separately. Now let’s identify the optimal
inventory release policy when the retailer faces capacity limitation. Since many cases need
to be compared and different cases are feasible under different parameter ranges, so the

results of this research question is analyzed numerically.

One example, the case of ¢ = 0.2, = 0.5 and 0 = 0.7 is given in Figure-6.3. Firstly,
at least one of the inventory release strategies is feasible. Then we find out the one that

maximize the retailer’s profit as well as the switching points. Figure-6.3 is drawn after all
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the redundancies are cleared, with only the optimal one left. We notice that, for a low ca-
pacity level, a Clearance Sales strategy is employed. When the retailer has an intermediate
level of capacity, he employs the Intermediate Supply strategy, and the Dynamic Pricing

strategy is used if the inventory level is high.

This result is reasonable since it is beneficial for the retailer to sell every inventory
unit when the capacity level is low compared to the demand; the consumer quantity may
cause the retailer to charge higher prices in both periods than when using the Intermediate
Supply strategy. When the capacity level is appropriate for the retailer, he or she can
sell everything under high demand and optimally release the inventory under low demand.
Intermediate Supply strategy is able to let the retailer satisfy the demand under high
demand level and save a lot of inventory cost under low demand. It is obvious that Dynamic
Pricing strategy is chosen when the capacity level is comparatively high. Therefore, the
retailer may price strategically to maximize his profit. However, inventory cost is a great
consideration for the retailer in our model setting. We hypothesize that Dynamic Pricing
is less likely to be employed by the retailer since it may generate the least profit. This
hypothesis is numerically demonstrated in Figure 6.3, and we also notice that retailer will

not benefit from the market at all if his inventory level is sufficiently high.

Most of the numerical examples studied show that a retailer’s decision to adopt Clear-
ance Sales, Intermediate Supply and Dynamic Pricing strategies, should depend on whether
the inventory level is low, medium, or high, respectively. We also find examples where only
Clearance Sales and Intermediate Supply strategies are chosen since Intermediate Supply
and Dynamic Pricing strategies are both feasible when inventory level is high, but the

retailer is better off if the Intermediate Supply strategy is chosen. Figure 6.4 provides an
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Figure 6.3: Profit functions of three inventory release strategies with undecided inventory
decision (K) in the case of ¢ = 0.2, = 0.5 and § = 0.7.
example for the case where ¢ = 0.3, = 0.5 and 6 = 0.7, where only Clearance Sales and

IS may be chosen.

In Figure 6.3, maximum profit is obtained by the retailer if Intermediate Supply strategy
is chosen in the case of ¢ = 0.2, = 0.5 and 6 = 0.7. Thus, the retailer can set, K, then
he employs IS strategy and sets the optimal inventory level, K = 0.35. In contrast to this
case, Figure 6.4 shows a different result where Clearance Sales strategy dominates IS if the
optimal inventory level can be set by the retailer. To further analyze the validity of this
result, we further release one parameter of o to figure out the optimal inventory release

strategy.

To identify the optimal inventory release policy with no capacity limitation, the optimal

inventory levels for each strategy is employed. The corresponding optimal inventory levels
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Figure 6.4: Profit functions of two inventory release strategies with undecided inventory
decision (K) in the case of ¢ = 0.3, = 0.5 and § = 0.7.

are highlighted in each section. One example of three inventory release strategies using
optimal inventory level for the case of ¢ = 0.1 and 6 = 0.35 is given in panel (a) of Figure
6.5. The graph shows that Intermediate Supply strategy always dominates when ¢ = 0.1
and 0 = 0.35, and the profit function of IS gradually decreases in proportion to myopic
consumers, a finding not interpreted under the IS model. This result further supports our

statements that a strategic consumer’s behavior may benefit the retailer.

Using the same valuation of parameters as in the examples given in IS and Clearance

Sales strategies, we have a graph showing a different result compared to panel (a) in Figure
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6.5. Panel (e) in Figure 6.5 shows the profit functions of three strategies by employing the
optimal inventory level in the case of ¢ = 0.2 and § = 0.5. From the graph, we notice
that the retailer can get higher profit by adopting a Clearance Sales strategy when the
proportion of myopic consumers in the market is less than 0.2. On the other hand, the

retailer chooses an Intermediate Supply strategy if « is sufficiently high (above 0.2).

To show the result in a better way, Figure 6.5 shows nine examples using different
valuations, inventory costs and patience levels to display the profit functions possible using
the three inventory release strategies. We notice that in all instances the profit decreases
in « and as inventory cost increases. Most of the time, the Intermediate Supply strategy
is the best choice for the retailer under a low inventory cost condition and/or relatively
low consumers’ patience levels. Clearance Sales strategy emerges as a dominant when

inventory costs and consumers’ patience levels are high.

In general, it seems that the retailer is mostly better off if he chooses Intermediate
Supply strategy as the inventory release strategy with no capacity limitation. Under some
circumstances, retailer may also get higher profit if Clearance Sales strategy is employed

depending the parameters’ ranges.
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Figure 6.5: Nine examples are given using different valuations, inventory costs and patience
levels to display the profit functions by using the three inventory release strategies.
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Chapter 7

Summary and Managerial Insights

Our work sheds some insight into pricing strategies under uncertain demand in the presence
of strategic consumers. In our model, a monopoly retailer sells a single kind of product
over a two-period selling horizon faced with uncertain demand. We analyze three inventory
release strategies and the corresponding pricing policies with limited capacity level. We

perform the analysis by normalizing the high demand level to 1 and the low demand level

1

to 5, each occurring with equal probability.

With a low inventory level, a Clearance Sale strategy, the case where all leftover in-
ventory is released to the market in the third stage, is employed, and the uncertainty with
respect to the consumer quantity may cause the retailer to charge higher price under high
demand and a lower price under low demand in period 2. The same holds true if Inter-
mediate Supply strategy is adopted for an intermediate inventory level. Dynamic Pricing

strategy shall be used if the inventory level is high.
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Based on the results from analyzing these three inventory release strategies, we prove
that the existence of strategic consumers may actually benefit the retailer. A retailer
may also obtain extra profit if strategic consumers have high levels of patience employing
Intermediate Supply strategy. This combination of findings provides some support for the
conceptual premise that strategic consumers’ behavior may actually benefit the retailer if

the retailer can clearly understand it.

Consider the Clearance Sales and Intermediate Supply strategies, the retailer’s profit
function is strictly concave in the inventory quantity stocked, which guarantee an optimal
inventory decision. Interestingly, the inventory level decreases as more myopic consumers
exist in the market in Clearance Sales strategy, which implies that as myopic consumers are
more numerous in the market, the retailer chooses a lower capacity. As strategic consumers
are more patient in cases of basic Skim Both and Skim Myopic, the retailer’s profit strictly
decreases. However, as strategic consumers are more patient, the retailer gets less profit
under Skim Both cases and the retailer’s profit is irrelevant with patience level under Skim
Myopic cases when all inventory units are sold in period 1 under high demand level or
some leftovers exist after the selling season. The retailer isolates myopic consumers from
the strategic consumers in Skim Myopic so that he can price differently for those two
groups. The retailer ignores strategic consumers’ patience level when he makes the pricing

decisions.

We find that a retailer is mostly better off employing an Intermediate Supply strategy
if he can make decisions about both inventory level and an inventory release strategy. A
few examples also show that the Clearance Sale strategy emerges as the optimal inventory

release strategy when inventory costs and/or consumers’ patience levels are high. This
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thesis has given an account of and the reasons for the widespread use of Clearance Sale
strategy as the inventory release strategy. Our study also confirms previous findings and
contributes additional evidence that suggests retailers should employ Intermediate Supply
strategy as the inventory release policy under uncertain demand when inventory costs

and/or consumers’ patience levels are low.

This thesis can stimulate further research. For examples, we have assumed that con-
sumers are risk neutral. However, this assumption can be relaxed and explored the corre-
sponding effects when consumers are, for instance, risk averse. The risk averse consumers
are reluctant to purchase in period 2 with an uncertain payoff rather than purchasing in
period 1 with a more certain, but possibly lower, expected payoff. If strategic consumers
are risk averse, less strategic consumers wait and purchase in the second period. Retailers
may charge a higher price in period 1 to increase their profits. As myopic consumers are

more numerous in the market, the retailer’s profit may increase as well.

Another direction related to the inventory release strategy we have studied. As numer-
ical results indicate, a retailer is better off employing an Intermediate Supply strategy if
he can make decisions about both inventory level and an inventory release strategy when
inventory costs and/or consumers’ patience levels are low. Future research question can
focus the Intermediate Supply strategy’s attributes since it may be adopted widely under
uncertain demand markets. Since Intermediate Supply strategy is derived from Clearance
Sales strategy and Dynamic Pricing strategy, it is reasonable to assume that they share
some attributes. A good example in case is that the retailer’s profit may decrease as the

consumer’s patience level increase.
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Appendices

Definitions

Inputs:

v: consumer’s valuation, which is assumed to be uniformly distributed between 0 and

0: patience level of strategic consumers.

a: fraction of myopic consumers in the market; 1 — « is the fraction of strategic con-

sumers in the market.
c: inventory cost per unit.
p: probability of high level of demand.

N;: number of consumers arriving at the beginning of the selling season under state 1,

i€ {H,L}, where H stand for High and L stands for Low.

Ny w.p.p
We have N, =

N, wp. l—p
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Dy (£ K): the realized demand under state i, i € {H, L}, in period t,t € {1,2}.

Decisions:

K inventory level.

Ry: posted selling price in period 1.

Rj: selling price in period 2 under state i, i € {H, L}.
Pricing Policies:

(1) Skim Both (SB): price to skim high-valuation consumers of both types in the first

period, implying V' < 1.

(2) Skim Myopic (SM): price to skim only high-valuation myopic consumers in the first
period. That is, none of the strategic consumers purchases in the first period; they all wait

for the second period; i.e. V = 1.
Inventory Release Strategies:

(1) Clearance Sale strategy (CS): After the first-period demand is realized, all leftover

inventory is released to the market and the market determines the price.

(2) Dynamic Pricing strategy (DP): After the first-period demand is realized, the left-

over inventory is released to maximize profit ignoring the capacity constraints.

(3) Intermediate Supply strategy (IS): After the first-period demand is realized, the
leftover inventory is released to maximize the profit under low demand and all left over

inventory is depleted under high demand, after the first-period demand is realized.
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