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ARTICLE INFO ABSTRACT

Keywords: This study examines the joint optimization of pricing and ordering decisions for a loss-averse
Newsvendor problem newsvendor with reference dependence. We explore the effects of reference dependence and loss
Loss aversion aversion from various aspects. We find that demand type, reference point type and cost setting

Reference dependence

Prici heavily affect the optimal decisions. For multiplicative demand, reference dependence leads to
ricing

ordering less. Whether to further raise the price depends on the cost setting. For additive demand,
selling fewer (cheaper) is the best in the fixed-amount (fixed-ratio) cost setting. Compared with a
deterministic reference point, stochastic reference point has a lower price and a higher inventory
level.

1. Introduction

The well-known newsvendor problem has attracted much scholarly attention since the 1950s (Whitin, 1955), reviews of which are
available in Khouja (1999), Petruzzi and Dada (1999), and Qin et al. (2011). The newsvendor problem focuses on the trade-off
between the gains from satisfying demand and losses from unsold products. However, there is decision bias between the actual order
and optimal decision. Experiments have repeatedly shown a pull-to-center effect: newsvendors consistently underorder a high-margin
product and overorder a low-margin product (Schweitzer and Cachon, 2000; Zhang and Siemsen, 2019). Prospect theory (Kahneman
and Tversky, 1979) has been applied to explain the observed ordering bias. However, by incorporating prospect theory into the
newsvendor utility structure, Nagarajan and Shechter (2014) do not succeed in explaining the pull-to-center effect because they miss
a key feature, namely reference dependence, which is one of the three features of prospect theory.

According to Kahneman and Tversky (1979), reference dependence means that the outcome can be separated into gains and losses
using a reference point, where people are risk averse in the domain of gains and risk seeking in the domain of losses. By considering
reference-dependent preference, Long and Nasiry (2015) and Zhao and Geng (2015) confirm and analytically prove that prospect
theory can explain the pull-to-center effect. Therefore, in the newsvendor problem, reference dependence plays an important role in
explaining decision biases and narrowing the gap between theory and reality.

In addition to prospect theory, a number of authors have considered risk aversion to narrow the gap between theory and reality
using related objectives such as mean-variance (e.g. Chiu and Choi, 2016; Chiu et al., 2018; Choi et al., 2019), utility function (e.g.
Agrawal and Seshadri, 2000), VaR and CVaR (e.g. Jammernegg and Kischka, 2012; Wu et al., 2014). Loss aversion, while it sounds
like risk aversion, is actually a complex behavioural bias in which people express both risk-averse and risk-seeking behaviours.
However, without considering reference dependence (by considering zero profit as a reference point), most of the effects on the
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newsvendor’s optimal ordering decision are consistent between loss aversion and risk aversion (e.g. ordering less under both).

In prospect theory, loss aversion is related to reference dependence, but with asymmetric effects depending upon whether an
outcome is perceived as a gain or a loss. Recently, some authors have incorporated the reference point when modelling loss aversion
(see Uppari and Hasija (2019) for detailed reviews of reference point types in the loss-averse newsvendor problem), and find that
reference dependence has a significant effect on the newsvendor’s ordering decisions. However, as it will be reviewed next section,
the effects of both reference dependence and loss aversion on pricing decisions and how these effects are affected by different
reference point types are still unclear yet. Furthermore, it has been shown that without considering reference dependence, how
demand uncertainty (demand type) affects the pricing strategy is independent of the newsvendor’s risk attitudes. However, it is not
clear whether this conclusion is still true if reference dependence is considered.

To close these research gaps, this paper studies the optimal pricing and ordering decisions for a loss-averse newsvendor with
reference dependence. Specifically, we provide answers to the following interesting and unexplored questions.

® How do reference dependence and loss aversion affect the optimal pricing and ordering decisions of a newsvendor?
e How do demand types affect the optimal pricing and ordering decisions of a loss-averse newsvendor with reference dependence?
o Whether different reference point types affect the optimal decisions in the same way?

We formulate the problem under a piecewise loss-averse utility, and use the target unit profit margin and the mean demand as
reference points (deterministic and stochastic). We consider two types of purchasing costs (fixed ratio and fixed amount) and two
types of uncertain demand (additive and multiplicative). We start our discussion with a deterministic reference point, and first derive
the optimal selling price and order quantity for both types of demand. Then, we investigate the effects of reference dependence and
loss aversion on the optimal pricing and ordering decisions. Further, we numerically compare the decision differences between
different demand types and cost settings. Finally, we numerically analyze the problem with a stochastic reference point and discuss
how reference point type affects the optimal decisions.

Our results show that the effects of reference dependence on the optimal selling price and order quantity heavily rely on the cost
setting, reference point type and how uncertainty is incorporated into demand (i.e. the demand type). More specifically, for mul-
tiplicative demand, since demand risk is heavily affected by the selling price, to achieve the unit profit margin target by increasing the
probability of all products selling out at a relatively high margin, reference dependence always leads to ordering less. Whether to
further raise the selling price depends on the cost setting. For the fixed-ratio cost, the maximal unit profit margin is unchanged by the
price. Therefore, keeping the price unchanged is the best approach because no price changes help achieve the target. For the fixed-
amount cost, since an increased selling price could help achieve the target and further decrease demand uncertainty, raising the
selling price is the best approach. For additive demand, selling fewer products is still the best approach in the fixed-amount cost
setting. However, for the fixed-ratio cost, selling cheap is the optimal approach because a lower price raises average demand without
reducing the maximal unit profit margin (the difficulty of achieving the target). For reference point type, a mean-demand stochastic
reference point always leads the newsvendor to order the mean demand which can avoid any losses by loss aversion. Accordingly,
decreasing selling price is the best by increasing the probability of all stocks selling out, whereas selling less products at a higher price
is an option for the newsvendor with a deterministic reference point.

The remainder of this paper is organized as follows. The next section reviews the newsvendor problem with loss aversion and
reference dependence, as well as the newsvendor pricing problem. Section 3 describes the model. Section 4 derives the optimal
ordering quantity and selling price for the two types of demand, respectively. Section 5 discusses how reference dependence and loss
aversion affect the optimal decisions, and compares the decision differences between two demand types and two cost settings. Section
6 numerically discusses the problem with a stochastic reference point and extends the model to a general cost setting. Finally, Section
7 concludes. All the proofs are in the appendix.

2. Literature review

In Sections 2.1, 2.1 and 2.3, we review the newsvendor literature from the following three aspects: loss aversion, reference
dependence and pricing decision. Our contributions are presented in Section 2.4.

2.1. Loss aversion

Loss aversion and the corresponding utility function were first identified by Kahneman and Tversky (1979). They show that
decision makers are risk averse when facing gains but risk seeking when facing losses, where whether an outcome is a loss or a gain is
determined by a reference point. In addition, they show that there is a greater impact of losses than gains given the same variation.
Tom et al. (2007) provide evidence to support prospect theory on a neural basis. They confirm that a set of areas in the brain show
increasing activity as potential gains increase and that potential losses are represented by decreasing activity in several of these same
gain-sensitive areas.

Schweitzer and Cachon (2000) use experiments to show the pull-to-center effect, and they are the first to explain it by proposing a
loss-averse newsvendor problem in the framework of prospect theory. Under loss-averse utility with zero profit as the reference point,
Wang and Webster (2009) study the optimal ordering decision of a loss-averse newsvendor. Under the same utility criterion proposed
by Wang and Webster (2009), Wang (2010) and Liu et al. (2013) consider the loss-averse newsvendor game in different game
settings, Ma et al. (2016) consider the case of uncertain supply. Lee et al. (2015) and Vipin and Amit (2017) study a loss-averse
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newsvendor with supply options and under recourse option, respectively. All these studies show that without considering the re-
ference dependence effect, loss aversion always decreases the order quantity.

Besides ordering decisions, some studies consider the impacts of loss aversion from other aspects. For example, Baron et al. (2015)
show that a retailer can benefit from consumer’s loss aversion. Vipin and Amit (2017) show that loss aversion could predict news-
vendor’s rationality with respect to the changes in price and cost under recourse option. Ma et al. (2012) extend the loss-averse
newsvendor model by considering an added ordering opportunity and demand updating. Zhou et al. (2018) extend the study of loss
aversion into a multiperiod setting and discuss the effect of loss aversion on supply chain network. They show that loss aversion
benefits both the individual retailers and the supply chain network if retailers can dynamically adjust their loss aversion degrees.
Moreover, to reduce demand uncertainty caused by forecasting errors, Jian et al. (2015) show that shortening the lead time is an
effective way.

2.2. Reference dependence

Loss aversion has been popularly applied in behavioural decision making under uncertainty. However, without considering
reference dependence (by setting a zero-payoff reference point), loss aversion has been considered to be inconsistent with the ob-
served newsvendor behaviour (Nagarajan and Shechter, 2014). Therefore, one stream of research focuses the effect of reference
dependence on newsvendor’s optimal decisions. The recent study by Long and Nasiry (2015) analytically prove that the pull-to-center
effect can be explained by the reference dependence effect for a uniform distributed demand. Later on, Shen et al. (2017) confirm that
this effect carries over for a general distributed demand. Therefore, in contrast to loss aversion, which always decreases the order
quantity, a newsvendor with a reference point could order more or less than a risk-neutral newsvendor (Herweg, 2013; Long and
Nasiry, 2015). Wu et al. (2018) study the loss-averse competitive newsvendor problem with anchoring (reference dependence) and
show that anchoring (reference dependence) has a significant effect on ordering. In certain situations, the anchoring effect (reference
dependence effect) dominates loss aversion and leads to understocking even in a competitive environment. Mandal et al. (2018) study
the stocking and pricing decisions of a newsvendor with reference dependence in a market that consumers’ arrival rates depend on
newsvendor’s inventory level, i.e. consumers who visit the store will surely buy, but whether they visit the store depends on the
inventory level. They show that selling price is not monotonic in the loss aversion coefficient but increasing in the value of the
reference point. Kirshner and Ovchinnikov (2019) extend the newsvendor problem with reference dependence to a competitive
environment. They show that the heterogeneity of reference effects explains one important experimental finding that one newsvendor
tends to ignore the inventory policy of its competitor.

All these studies in this stream assume that reference points are exogenous. Various explanations have been proposed and em-
ployed for such modeling of reference point, for example, status quo (e.g. Kahneman and Tversky, 1979), social preferences (e.g.
Wood, 1989; Roels and Su, 2014), and goals (or targets) (e.g. Heath et al., 1999; Hsiaw, 2013; Wu et al., 2018) are three natural
candidates. Furthermore, a number of authors extend the formulation of reference points to a more complex environment, e.g. two
reference points (survival and aspiration levels, March (1988); internal and external effects, Kirshner and Shao (2018); status quo and
minimum profit requirement, Wei et al. (2019)), and three reference points (status quo, goal and survival requirement, Wang and
Johnson (2012)).

Although the exogeneity of reference points simplifies the model formulation, value selection for reference points needs more
theoretical supports and empirical validations. Therefore, another stream of research studies how to appropriately evaluate reference
points and build the newsvendor model under the prospect theory. Uppari and Hasija (2019) classify the reference point into three
categories: fixed, stochastic, and prospect-dependent. By behavioral experiments, they find that mean demand as a stochastic re-
ference point performs better than all other models. Further, by combing experimental and market data, Riley et al. (2019) point out
that, in the capital gains overhang (CGO) model, the value of the reference point should not be always fixed, and an adjustment in the
reference point could improve the performance of the model. Very recently, several studies have started to use the formulation of
stochastic reference point. For example, Liu and Chen (2019) discuss the effect of reference dependence on the supply chain greening
performance.

2.3. Pricing decision

Whitin (1955) was the first to formulate a newsvendor model to consider the joint decision of pricing and ordering. To explicitly
address the issue of demand uncertainty, Mills (1959) and Karlin and Carr (1962) expand and refine Whitin’s work in an additive case
and a multiplicative case, respectively. For additive demand, Mills (1959) shows that the optimal selling price is strictly lower than
the riskless price. However, Karlin and Carr (1962) show that multiplicative demand leads to the completely opposite result, namely
the optimal selling price is strictly higher than the riskless price. Young (1978) confirms these results by incorporating uncertainty
that combines both additive and multiplicative forms. Petruzzi and Dada (1999) explain the pricing difference between these two
types of demand in terms of the demand variance and demand coefficient of variation. Very recently, to relax the assumption that the
price-dependent demand is either additive or multiplicative, Shen et al. (2018) generalize the demand formulation into a more
general setting, and reveal the optimality condition for a pricing policy.

The common assumption of these studies is that the newsvendor is risk neutral (i.e. chooses profit maximization as his or her
objective). To better reflect reality, some studies extend the discussion under a different objective. Lau and Lau (1988) examine
pricing and ordering policies under the objective of maximizing the probability of achieving a certain profit level. Agrawal and
Seshadri (2000) and Chen et al. (2009) study a risk-averse price-setting newsvendor problem under the utility criterion and the CVaR
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Table 1
Newsvendor decision-making studies under a general price dependent/independent demand.

Article Ordering Pricing Loss (Risk) Aversion Reference Dependence

Deterministic’ Stochastic

Whitin (1955)

Mills (1959)

Karlin and Carr (1962)
Young (1978)

Petruzzi and Dada (1999)
Dai and Meng (2015)

Hu et al. (2019)

Shen et al. (2018)

Chen et al. (2009)

Wang (2010)

Wang and Webster (2009)
Liu et al. (2013)

Vipin and Amit (2017)
Wu et al. (2018)

Long and Nasiry (2015)
Shen et al. (2017)

Zhou et al. (2018)
Kirshner and Shao (2018)
Kirshner and Ovchinnikov (2019)

SN

A N O O N S
SN SX

S S

This study

<
AN
<

* Include fixed and prospect-dependent types.

criterion, respectively. They show that the differences in pricing strategy of a risk-averse newsvendor between additive demand and
multiplicative demand are consistent with both Mills (1959) and Karlin and Carr (1962). Dai and Meng (2015) investigate joint
decisions on ordering, pricing, and marketing under the CVaR criterion where the newsvendor can exert marketing effort to enhance
market demand. They find that the optimal selling price is unchanged regardless of whether demand is marketing-dependent. For a
detailed review of the newsvendor problem with pricing under a general price-dependent demand, see Petruzzi and Dada (1999) and
Qin et al. (2011).

In addition, several authors extend the studies of newsvendor pricing problem from various aspects, for example, cost setting
generalization (e.g. both fixed and variable costs, Hu et al. (2019)); generalized demand formulation (e.g. both additive and mul-
tiplicative price-dependent demands, Chiu et al. (2016)); incorporating consumer buying decisions (e.g. inventory-dependent con-
sumer arrival rate, Mandal et al. (2018); strategic buying behavior, Wei and Zhang (2018)); non-profit objectives (e.g. social welfare,
Sayarshad and Gao (2018)); supply chain coordination (e.g. price-rebate-return contract, Chiu et al. (2011) and Chiu et al. (2019);
options contract, Biswas and Avittathur (2019)).

2.4. Contribution

As outlined in Table 1, we summarize contributions as follows. First, although some studies consider loss aversion with reference
dependence (e.g. Wang and Webster, 2009; Long and Nasiry, 2015; Wu et al., 2018; Zhou et al., 2018; Lee et al., 2015), they all
assume that the selling price is exogenous, whereas we explore the joint optimization of pricing and ordering decisions. Moreover, we
compare the decision differences between two price-dependent demand models (additive and multiplicative). Second, although the
literature (e.g. Khouja, 1999; Chen et al., 2009) has extensively studied price-setting newsvendor problems from various aspects, the
effects of reference dependence and loss aversion on the newsvendor’s optimal pricing and ordering decisions are still unknown.
Moreover, most studies (e.g. Khouja, 1999; Chen et al., 2009) of optimal pricing are based on the fixed-amount cost. Although the
fixed-ratio cost has been widely used by supply chain members, the pricing differences between these two cost settings are still
unclear. Finally, we are the first to explore how different types of reference point (deterministic vs. stochastic) affect the optimal
pricing and ordering decisions. To bridge these research gaps, we investigate the impacts of reference dependence and loss aversion
on a newsvendor’s optimal decisions and study how demand types, reference point types, and cost settings affect these optimal
decisions. Further, owing to the similarity between loss aversion and risk aversion in the face of demand uncertainty, we summarize
the decision differences between a loss-averse newsvendor and a risk-averse newsvendor and compare our results with those of Chen
et al. (2009).

We remark that Mandal et al. (2018) is close to our study in that this work examines the optimal decisions of a loss averse
newsvendor with reference dependence under an inventory-dependent demand, i.e. consumers are surely buy if they visit a store
whereas whether to visit depends on the inventory level of a product. Such demand formulation makes the price elasticity of demand
to be minimal. In line with most pricing literature, we consider the optimal pricing problem under a general price-dependent demand.
Since market demands can be affected by price in different forms, a general price-elastic demand makes the conclusion more rigorous
and general, and has a wider range of application.
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Q

p
c

ac

7(Q, p) (2(Q, p))
U@ @ p) U x(Q. p)))
D(p. €

€@, p)

wo

A

QR

Qa(Qm)

;o)

BB

Pj(ﬁd)

order quantity;

selling price per unit;

purchasing cost per unit;

cost/price ratio, namely a. = ¢/p € [ac, 1);

newsvendor’s profit with a fixed-ratio cost (fixed-amount cost);

newsvendor’s utility with a fixed-ratio cost (fixed-amount cost);

price-sensitive demand;

demand risk, defined on [e, €] with a CDF F(-) and a PDF f(-);

breakeven demand risk (such that a newsvendor has zero utility);

target unit profit margin;

loss aversion coefficient, namely 1 > 1;

optimal order quantity in the additive (multiplicative) demand model under a fixed-ratio cost;
optimal order quantity in the additive (multiplicative) demand model under a fixed-amount cost;
optimal selling price in the additive (multiplicative) demand model under a fixed-ratio cost;
optimal selling price in the additive (multiplicative) demand model under a fixed-amount cost;

optimal riskless selling price under a fixed-ratio (fixed-amount) cost.

3. Model description

We consider a newsvendor who faces random and price-dependent demand. Before the selling season, the newsvendor decides
both order quantity Q and selling price p to maximize his or her expected utility. Any unmet demand is lost and the leftover inventory
at the end of the season is salvaged at zero value. Table 2 provides the notations used in the study.

For unit purchasing cost ¢, we consider two settings: fixed amount and fixed ratio. The fixed-amount purchasing cost is a regular
setting in the newsvendor problem, where the unit purchasing cost is exogenously given and fixed. By contrast, the fixed-ratio
purchasing cost is considered to be a part of the selling price, namely ¢ = p X «a., where the cost/price ratio a. = ¢/p € [a,, 1) is
exogenously given. Both cost settings are identical if the selling price is exogenous. The fixed-ratio cost setting is a common practice
in various supply chains, especially when a retailer shares revenue with its supplier (e.g. Cachon and Lariviere, 2005). The ratio a.
defines how total revenue is split between the retailer and supplier in a two-echelon supply chain. To ensure that the supplier is
profitable, the cost/price ratio has a positive lower bound (i.e. a. € (0, 1)) that indicates the supplier’s minimum revenue require-
ment. An important advantage of the fixed-ratio cost is that it can weaken some of the assumptions about demand risk because the
critical fractile of demand risk F~!((p — ¢)/p) is simplified to a constant F~!(1 — «.). As a result, some of the commonly used
assumptions in the regular newsvendor model become unnecessary. More specifically, as shown in Proposition 4.1, the distribution of
demand risk does not need to have an increasing generalized failure rate. Thus, we first study the optimal selling price and order
quantity analytically with a fixed-ratio cost and then numerically discuss the problem in the case of the fixed-amount cost. Table 4
summarizes the decision differences between these cost settings.

We consider a loss-averse price-setting newsvendor problem by employing a piecewise-linear loss-averse utility function defined
as

{W - W, W W,

UW) = .

AW =Wy, if W< W, @
where W is the realized profit, W, is the reference point that makes the newsvendor change his or her risk attitude, and 1 >1
represents the degree of loss aversion. A larger A represents a higher degree of loss aversion. If A = 1 and W, = 0, then the loss-averse
utility function (1) reduces to risk-neutral utility. The piecewise-linear loss-averse utility function has been widely used in both the
economics and operations management literature (e.g. Wang and Webster, 2009; Long and Nasiry, 2015), and the determination of
the reference point is an important research topic (e.g. Hoffmann et al., 2013; Gavirneni and Xia, 2009).

Status quo (e.g. Kahneman and Tversky, 1979), social preferences (e.g. Wood, 1989; Roels and Su, 2014), and goals (or targets)
(e.g. Heath et al., 1999; Hsiaw, 2013) are three natural candidates for deterministic reference points. In the literature on the
newsvendor problem with reference dependence, target gross profit is the main setting for the reference point. Since gross profit is
determined by both the order quantity and the profit margin, it is reasonable to assume that target gross profit is a function of the
order quantity and profit margin. For example, Long and Nasiry (2015) and Wu et al. (2018) set the weighted average of the
maximum and minimum profits and target unit profit as reference points, respectively. Accordingly, target gross profit in the models
of both studies is a linear function of the order quantity. Following the above settings for the reference point, in this study, we
introduce a target unit profit margin wy := % as the reference point of the loss-averse newsvendor. Accordingly, target gross profit
Wy = wopQ is a function of both the order quantity and the selling price. Note that in Section 6.1, we extend our discussion for a
stochastic reference point.

Our setting for the reference point is in line with that of Long and Nasiry (2015). More specifically, in the fixed-amount cost
setting, the reference point in Long and Nasiry (2015) is defined as
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Wo=B{p—-0c)Q—(1-pFcQ=(@p-0)Q,

where 8 € [0, 1] captures the decision maker’s level of optimism, (p — ¢)Q is the maximum possible payoff, and — cQ is the minimum
possible payoff. Clearly, if the cost has a fixed ratio, by letting wy = § — a., our setting for the reference point is identical to that of
Long and Nasiry (2015), namely W, = (8 — a.)pQ. Such an identity occurs regardless of the cost setting, because net utility under the
reference point of Long and Nasiry (2015) is independent of the purchasing cost:

W — Wy = pmin{D, Q} — ¢Q — (Bp — ¢)Q = pmin{D, Q} — pQ.

Moreover, in practice, the decision maker usually has a clear and definite target, whereas target gross profit Wy is a function of
both the selling price and the order quantity. To be consistent with real-world decision making, our discussion concerns the profit
margin framework and we treat the reference point as the target unit profit margin wy,. Lanzillotti (1958) points out that the most
typical pricing objective is pricing to achieve a target return no matter how much it costs. Therefore, setting the reference point as the
target profit margin has a good fit to real business.

From the classical newsvendor problem, the profit of a newsvendor is

7(Q,p) = 7-(Q.p)=pDE. ©) ~a:Q). Q> D, ). fixed-ratio cost
' m.(Q, p) = (1 — a)pQ, if Q< D(p, e). ’
or
7.(Q,p) = pD(p, ) — ¢Q, if Q> D(p, e),
7(Q.p) = 7; @ p)=pD@. ©) ~cQ 1 Q>Dip. € fixed-amount cost.
Q. p) = (p - 0)Q, ifQ<D(@,e).
Under the prospect theory framework, the newsvendor’s utility with a fixed-ratio cost is given by
7(Q.p) —wopQ.  if wo < THP,
U(7(Q, p)) = O
A(7(Q, p) — wopQ), if wy > Tép’

where wy € (—at,, 1 — ).
In the literature on the newsvendor problem with pricing, two types of demand are extensively used: additive and multiplicative.
More specifically, these are defined as follows:

D(p,e)=d(p)+¢€¢ and D(p,e)=d(p) Xe,

where d(p) is the mean of market demand, namely d(p) = E(D(p, €)), which is a continuous, strictly decreasing, nonnegative, twice-
_p®

d@)
variable with a CDF F(-) and a PDF f(-). For additive demand, € is defined on [, €] and E(e) = 0, where € > 0 and € < 0. For
multiplicative demand, € is defined on [0, &] and E(e) = 1. Moreover, d(p) is defined on a closed interval (0, p], where p is the
maximum admissible price, beyond which d(p) + € = 0 in the additive demand model and d(5) = 0 in the multiplicative demand
model.

Further, the newsvendor’s expected utility with a fixed-ratio cost is given by

o) o) £ ) e

where €°(Q, p) is the newsvendor’s breakeven demand risk such that he or she has zero utility, namely
pD(p, €°(Q, p)) = (a. + wo)pQ. The aim of a loss-averse decision maker is to maximize his or her expected utility, namely

differential function and has increasing price elasticity (IPE), namely d /dp > 0. Demand risk € is a price-independent random

maxE [U(n (Q, p ] We obtain the newsvendor’s expected utility with a fixed-amount cost after carrying out a similar analysis.
Qp

4. Optimal pricing and ordering decisions under the loss-averse criterion

In this section, in the fixed-ratio cost setting, we investigate the joint optimization of the selling price and order quantity in the
additive and multiplicative demand models.

Before proceeding, we provide the optimal price for a riskless demand model, where D(p, €) = d(p) (i.e. the deterministic demand
case € = 0).

Lemma 1. (Chen et al., 2009) If d(p) has IPE, then riskless utility with a fixed-ratio cost Uy (7 (p)) = (1 — ¢, — wo)pd (p) is quasi-concave
in p. The unique optimal riskless price p; satisfies the first-order condition, p;d'(p;) + d(p}) = 0.

The newsvendor’s expected utility is given by
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0
(1 — o — wo)pQ — p( LUPF@de+ (2 - 1) j:"(o’p)F(x)dx), additive demand,

E[U#(Q, p)] = Q 0
A - a. — wo)pQ — pd(p)( L0 F@ydx + @ = 1) P F(x)dx), multiplicative demand,

where €(Q, p) = Wy + a.)Q — d(p) and €, (Q, p) = %Q are breakeven demand risks for the additive and the multiplicative

demand models, respectively.
Under the loss-averse criterion, Proposition 4.1 characterizes the newsvendor’s optimal joint decisions in two demand models.

Proposition 4.1. For the fixed-ratio cost, if mean demand d(p) has IPE, then expected utility E [U(Q, p))] is quasi-concave in both the
additive and the multiplicative demand models. The optimal ordering and pricing decisions are given as follows:

(a) Additive demand: The unique optimal order quantity Q, and selling price p; satisfy the following system of equations:
F(Q; —d@)) + (A — D(ac + wo)F (€ (Q5, p)) = 1 — ac — wy,

SED @) +x + d @RI + = D) [F R @) + x4 4 G)EAFG) =0, .

where €3 (Q;, p) = (wo + o) QF — d(B));
(b) Multiplicative demand: The unique optimal selling price p,, is determined by

d(p,) + p,d'(,) =0, 3)

and the optimal order quantity Q,, satisfies

F( QO ) + (/1 - 1](% + wO]F(E‘,’n(Qi;, o) =1—a.—wy,

d(p,) C)

where €5, (Q,*,‘l, p;l) = 7‘2“(;;“)“ Q.

Proof. See Appendix A. []

5. Effects of reference dependence and loss aversion

In this section, we first analytically discuss the effects of reference dependence and loss aversion on the newsvendor’s optimal
strategies for fixed-ratio costs and then use numerical examples to further validate and analyse both effects. Next, we numerically
investigate the problem in the case of fixed-amount costs. As our analysis shows, the effects of reference dependence and loss aversion
carry over.

5.1. Fixed-ratio cost

The following theorem characterizes the impacts of reference dependence and loss aversion on the optimal decisions for the two
types of demand under the fixed-ratio cost.

Theorem 1. For the fixed-ratio cost, we have the following results.

(a) Additive demand:
(i)Impact on pricing: the optimal selling price is decreasing in wy and A;
(ii)Impact on ordering: the optimal order quantity Q; may not be monotonic in wy, and A;
(b) Multiplicative demand:
(i)Impact on pricing: the optimal selling price is identical to the optimal riskless price, namely p,, = pj. Therefore, the optimal selling
price is independent of wy and A;
(ii)Impact on ordering: the optimal order quantity is decreasing in w, and A.

Proof. See Appendix B. []

For additive demand, as the degree of loss aversion and value of the reference point increase, both the optimal selling price and
the order quantity decrease. This result is intuitive because ordering less and selling at a lower price can help achieve the target and
avoid potential losses caused by overstocking. Further, in the fixed-ratio cost setting, the maximal unit profit margin 1 — «. is fixed
and thereby retailers increase revenue by selling cheap. However, in contrast to the optimal price that is always decreasing, an
increased optimal order quantity is also an option for the newsvendor. This can be explained as follows. Since a low selling price
would raise market demand with unchanged demand risk, ordering more could be optimal in some cases depending on the
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distribution of demand risk F(-) and detailed expression of mean demand d(p).

In contrast to additive demand, the optimal selling price for multiplicative demand p,, is independent of both the reference point
and the loss aversion degree, and it takes a value as low as the riskless price, namely p,, = pj. This can be explained as follows. The
mean and variance of multiplicative demand are always decreasing in p, whereas target gross profit is increasing in p. To achieve the
target and avoid potential losses caused by demand uncertainty, it is optimal to lower the selling price and decrease the order
quantity. As a result, the optimal order quantity Q,,, is always decreasing in the degree of loss aversion 4 and the reference point wy.
However, since there is no loss if demand becomes certain, the selling price is reduced to the riskless price, which yields the same
price for both riskless demand and multiplicative demand.

After comparing this with the deterministic demand model, the following results summarize how the type of demand affects the
newsvendor’s pricing strategy.

Corollary 1. Consider a loss-averse newsvendor with reference dependence. For the fixed-ratio cost, the following results hold.
(a) Additive demand: the optimal selling price is lower than the riskless price, namely p; < p};
(b) Multiplicative demand: the optimal selling price equals the riskless price, namely p, = pj.

Proof. See Appendix C. []

When demand becomes uncertain, a lower selling price can both help to achieve the target and increase the probability of all
products selling out by enlarging the average demand. Therefore, intuitively, selling cheap is the best. However, it is not always the
case. This result holds for the additive demand because lowering the selling price can further reduce the demand uncertainty by
decreasing the coefficient of variation of demand. However, this effect disappears for the multiplicative demand, because the
coefficient of variation of demand is independent with selling price and reference dependence has a greater impact than loss aversion
on optimal decisions. More specifically, although a target becomes easier if the selling price is lowered, selling cheap is never the best
for the multiplicative demand since it turns to increase the demand variation and may lead to unnecessary profit losses. Further, the
added difficulty in achieving the target by keeping the selling price can be resolved by ordering less. This result stresses that reference
dependence has a greater impact than loss aversion on the optimal decisions. Moreover, to deal with demand uncertainty, the pricing
decision should be adjusted only if the demand uncertainty is price-dependent, otherwise demand uncertainty can be resolved by the
ordering decision only.

In the following, we present numerical examples to further analyse the effects of loss aversion and reference dependence on the
newsvendor’s joint optimal decisions. Although our analytical results are obtained under the framework of utility maximization, a
newsvendor may intend to obtain a higher profit even if he or she is loss averse. Therefore, we numerically show whether utility
maximization and profit maximization are consistent. If not, we discuss whether selecting an appropriate reference point can ease the
conflict between them.

We consider linear mean demand d(p) = 10 — 4p and the maximal unit profit margin1 — . = 40%. Our setting of a maximal unit
profit margin is in a reasonable and realistic range because the average (realized) return on investment is 14% (Lanzillotti, 1958). The
other parameters are set as follows. In the additive demand model, demand risk follows a standard normal distribution N (0, 1). In the
multiplicative demand model, we assume that € ~ N (1, 0.22). The range of the unit profit margin (—a,, 1 — o) is (—60%, 40%). A
negative target unit profit margin implies that a retailer chooses to reduce profit loss as its objective because it has recently suffered
profit losses.
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Fig. 1. Impact of wy and 24 on the optimal selling price for additive demand.
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Fig. 2. Impact of wy and 4 on the optimal order quantity.

For deterministic demand, from Lemma 1, the optimal riskless selling price pj is 1.25. For multiplicative demand, from Proposition
4.1 (b), the optimal selling price equals the riskless price, namely p; = p; = 1.25. For additive demand, as Fig. 1 shows, the optimal
selling price p is decreasing with respect to the reference point and loss aversion degree. Then, Fig. 1 shows that demand uncertainty
leads to a lower price for additive demand, whereas it does not affect the selling price for multiplicative demand, namely p; < p; and
p,, = p;- Further, Fig. 1 also confirms that the reference dependence effect has a significant impact on the selling price when the
reference point is relatively high. For instance, by considering that w, = 10%, the optimal selling price of a loss-neutral newsvendor is
1.105, namely p;|1-; = 1.105. If the loss aversion degree is increased by 900%, then the optimal selling price is reduced to 1.033 (i.e.
P} l2=10 = 1.033). This result can even be obtained by increasing the retailer’s reference point by only 195%. However, by considering
a target close to zero (i.e. wy = 0.5%), the optimal selling price of a loss-neutral newsvendor is 1.128 (i.e. p; |1 = 1.128). If the loss
aversion degree is increased by 900%, then the optimal selling price is reduced to 1.085 (i.e. p; |1=10 = 1.085). However, to obtain the
same result, the reference point needs to be increased by 3260%. Moreover, we also find that all the curves of the selling price become
steeper when the reference point approaches its maximum allowable value. This implies that a relatively high reference point can
magnify the loss aversion effect in decreasing the optimal selling price.

Fig. 2 shows the optimal order quantities for the two types of demand with different reference points and loss aversion degrees.
For multiplicative demand, the optimal order quantities are decreasing with respect to the reference point and loss aversion degree,
which can be explained by the fact that ordering less helps achieve the target by increasing the probability of a product being sold and
avoiding the potential utility loss from demand risk. However, for additive demand, the optimal order quantity is not always de-
creasing as the value of the reference point and degree of loss aversion increase. More specifically, the optimal order quantity first
decreases and then increases in the reference point. Whether the optimal order quantity decreases or increases in the loss aversion
degree is determined by the value of the reference point. An explanation of this counterintuitive example is that selling cheap can
help achieve the target and avoid a potential utility loss. For a relatively low target, ordering less can further help achieve the target.
However, if the target is very high (e.g. close to its maximum of 40%), then the retailer has to offer an extremely low price (i.e.
D} l2=10,wy=39.7% = 0.302), which leads to a sharp increase in market demand. Therefore, the order quantity has to be correspondingly
increased.

Next, Figs. 3 and 4 show the newsvendor’s maximal expected profits and utilities in both demand models. They illustrate that
utility maximization and profit maximization are always in conflict. Reference dependence always has a significantly negative effect
on the newsvendor’s utility. However, the newsvendor’s profit can be maximized by a medium reference point. Interestingly, for both
the additive and the multiplicative demand models, no target (zero-value reference point) as a natural candidate for the reference
point has almost the maximal profit. Compared with reference dependence, the effect of loss aversion on the newsvendor’s utility is
weak, and whether loss aversion has a negative or positive effect depends on the value of the reference point. Further, loss aversion
has consistent effects on both utility and profit. More specifically, loss aversion increases (decreases) the optimal utility and improves
(reduces) optimal profit for a relatively small (large) reference point.

A medium (general) target can help ease the conflict between utility maximization and profit maximization, as setting a target
reduces a decision maker’s happiness in most cases. A relatively high target further leads to a profit loss. However, a medium target
can help ease the conflict between utility maximization and profit maximization, and this makes the newsvendor profitable.
Moreover, since selling cheap for additive demand helps achieve the target without any changes in demand risk, the expected profit
has a sharper fall than under multiplicative demand.
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5.2. Fixed-amount cost: numerical investigation

In this section, we first provide the first-order conditions that the optimal decisions satisfy in the additive and multiplicative
demand models. Then, we numerically investigate the effects of reference dependence and loss aversion with fixed-amount costs. We
use the parameter setting in Section 5.1. Let ¢ = 0.5 and the distributions of demand risk in the additive and multiplicative demand
models be N (0, 1) and N (1, 0.2?), respectively.

In the fixed-amount cost setting, Lemma 2 defines the riskless price p, and Proposition 5.1 provides the first-order conditions that
the optimal joint ordering and pricing decisions satisfy.

Lemma 2. (Chen et al., 2009)

If d(p) has IPE, then riskless utility with a fixed-amount cost Uy (7 (p)) = (p — ¢ — wop)d(p) is quasi-concave in p. The unique optimal
riskless price P, satisfies (B, — ¢ — wop,)d’ (B,) + (1 — we)d(B,) = 0.
Proposition 5.1.

(a) Additive demand: The optimal order quantity O, and selling price D, satisfy the following system of equations:
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BF (Qa = d(@) + 2 = 1)(c + wop,)F (20(Qu, ) = B, — ¢ — woh»

(1 - WO)@ + ff“’d@) @@ +x + d(B)p, — Qu)dF (x)

+ (/1 - 1) L@ @3y 4 x + d BB, — wol _
€ a a) Py woQg)dF (x) = 0,

(5)
where @2(@1, ﬁl) = (wo + p%)@ —d@®).
(b) Multiplicative demand: The optimal order quantity Q,, and selling price Db, satisfy the following system of equations:
B (325 + (/1 - 1)(c v wOﬁm)F<€&<6m, Ba)) = By — ¢ = Wob,
Qm
1= wo |Qn + L7 (@(B,) + ' (B,)B,)x = Qu)dF (x)
~0 /(A =~ -~
+ (A - 1) SO (@ GB,) + d(B)By)x = woQu)dF () = 0,

B (6)

c
wo + —

where /e\?n(é\ma l/)\m] = me)QO

Figs. 5 and 6 numerically show the effects of reference dependence and loss aversion on the optimal order quantity and selling
price. Comparing these effects between the two cost settings, we find that most of the effects in the fixed-ratio cost setting carry over.
For example, in both cost settings, the optimal order quantity is decreasing with respect to both the loss aversion degree and the
reference point for multiplicative demand and may not be monotonic in the loss aversion degree for additive demand. However, some
differences in the effect of reference dependence should be noted. For additive demand, Figs. 1, 2(a), 5(a), and 6(a) show that as the
reference point increases, selling fewer items at a decreased price is the best approach in most cases in both cost settings. However,
for a relatively high reference point, the two cost settings have wholly opposite selling strategies, namely selling more and cheap
(fixed ratio) compared with selling fewer but expensive (fixed amount). Intuitively, pricing lower is helpful for achieving the target.
However, the selling price cannot be as low as the fixed-amount cost. As a result, ordering less, which decreases the probability of
overstocking, is another way to help achieve the target. For multiplicative demand, the fixed-amount cost reduces the probability of
achieving the target. Hence, as the reference point increases, to keep the probability of achieving the target unchanged, the retailer
has to raise the selling price.

Compared with the optimal decisions under deterministic demand, Fig. 5 further shows that the optimal selling price for mul-
tiplicative demand is always higher than the riskless price, namely p,, > p,. However, this result holds for additive demand (i.e.
D, > b)) only if the reference point has a relatively small value. Otherwise, the selling price is lower than the riskless price, namely
D, < D;- The maximal unit profit margin % is increasing in the selling price in the fixed-amount cost setting. Therefore, raising the
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Fig. 5. Impact of wy on the optimal selling price.
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selling price is one of the best responses to demand uncertainty because a higher selling price can help achieve the target profit
margin. This is always true for multiplicative demand because the lower average demand caused by the increased price further
reduces demand uncertainty and increases the probability of all products selling out. However, for additive demand, selling expensive
does not reduce the variance in demand risk, but instead leads to a reduction in sales. This further yields a higher coefficient of
variation of demand risk and a worse risk/return trade-off. Therefore, selling cheap is the best approach in most cases for additive
demand. If the reference point has a relatively low value (e.g. wy = —20%), selling expensive is the optimal approach because demand
risk can be rewarded by loss aversion; in other words, profit uncertainty is not penalized if the target has been achieved.

5.3. Summary

In this section, we compare the ordering decisions between exogenous and endogenous prices and summarize the decision dif-
ferences between two cost settings in Tables 3 and 4, respectively. The key differences are highlighted in bold.

Table 3 shows that loss aversion and reference dependence have consistent effects (i.e. ordering less) on the optimal ordering
decision under multiplicative demand. Intuitively, selling fewer items increases the probability of all products selling out and thereby
helps achieve the target. However, when the selling price can be determined by the retailer, selling more products at a lower price
may be optimal if the target can be easily achieved. Such a strategy could only be applied under additive demand because demand
uncertainty is independent of the selling price. If the cost is fixed, then lowering the selling price may not be optimal because the
decreased (maximal) unit profit margin (p — c¢)/p further decreases the probability of achieving the target.

Table 4 compares the decision differences between two cost settings. It shows that reference dependence has similar effects on the
optimal ordering decision to loss aversion. However, its effects on the selling price heavily rely on the cost setting. The key difference
between the two cost settings is whether the maximal unit profit margin (p — ¢)/p could be affected by the selling price. The fixed-
ratio cost keeps the maximal unit profit margin unchanged. To achieve the target profit margin, selling few items is optimal because
this increases the probability of all products selling out. Whether to further lower the selling price depends on the demand type,
which determines whether a lowered price increases demand uncertainty. A relatively low price that raises average demand may
increase the order quantity, and thus the order quantity may not be monotonic in the reference point. For the fixed-amount cost, since

Table 3
Comparison of the optimal order quantity between endogenous and exogenous prices.
Decisions Price Setting Additive Demand Multiplicative Demand
Quantity Exogenous Price (i) Decreasing in loss aversion (i) Decreasing in loss aversion
(Wu et al., 2018) (ii) Decreasing in reference point (ii) Decreasing in reference point
Endogenous Price (i) May not be monotonic in loss aversion (i) Decreasing in loss aversion
(Fixed-ratio cost)
(ii) May not be monotonic in reference point (ii) Decreasing in reference point
Endogenous Price (i) May not be monotonic in loss aversion (i)Decreasing in loss aversion
(Fixed-amount cost) (ii) Decreasing in reference point (ii) Decreasing in reference point
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Table 4
Comparison of the optimal decisions between two cost settings.
Demand Model Decisions Fixed-ratio Cost Fixed-amount Cost
Additive Price (i) Lower than riskless price (i) Maybe higher than riskless price
(ii) Decreasing in loss aversion (ii) Decreasing in loss aversion
(iii) Decreasing in reference point (iii) May not be monotonic in reference point
Quantity (i) May not be monotonic in loss aversion (i) May not be monotonic in loss aversion
(ii) May not be monotonic in reference point (ii) Decreasing in reference point
Multiplicative Price (i)Equal to riskless price (i) Greater than riskless price
(ii) Unchanged in loss aversion (ii) Increasing in loss aversion
(iii)Unchanged in reference point (iii) Increasing in reference point
Quantity (i) Decreasing in loss aversion (i) Decreasing in loss aversion
(ii) Decreasing in reference point (ii) Decreasing in reference point

the maximal unit profit margin (p — c¢)/p is increasing in p, raising the selling price can help achieve the target profit margin.
Therefore, the selling price may be higher than the riskless price and may increase with respect to the reference point. These findings
can be explained by the fact that although selling fewer products at a lower price increases the probability of all products selling out,
selling cheap makes the target more difficult to achieve for a relatively high target profit margin because a lowered price decreases
the maximal unit profit margin. Therefore, in this case, selling expensive with fewer stocks is the best.

Note that, since loss-averse and risk averse decision makers behave similarly, we extend the comparison on optimal decisions
between these two behaviours. As outlined in Table A in Appendix D, we find that loss aversion and risk aversion have the same
effects on ordering decisions. However, their effects on pricing decisions differ depending on the type of demand.

6. Extension

In this section, we numerically extend the discussions from the following two aspects: stochastic reference point and general cost
setting.

6.1. Stochastic reference point: mean demand

As a stochastic reference point, mean demand has experimentally proven to outperform all others (e.g. maximum demand, fixed
and prospect-dependent reference points, Uppari and Hasija (2019)). Therefore, we choose mean demand as a stochastic reference
point and numerically investigate the impacts of reference point types on optimal decisions. More specifically, the mean demand
reference point in the additive demand model is defined as the realized profit by ordering the mean demand d(p), i.e.

Wo = m(d(p), p) = pmin{D(p), d(p)} — cd(p) = (p — c)d(p) —p €,
where x* = max{x, 0} and x~ = minfx, 0} = x — x*. Accordingly, in the additive demand model, the expected utility is given by
E[U@Q, p)] =E@(Q, p) —7(d(p), p)) + 4 - DE[x(Q, p) — w(d(p), p)I
P F e+ 2] (0 = Q@ = ) + p S gy PO, i Q<o)

(b = e)Q = dp)) = p fit 0, Fe)dx = Ap 7O F oy, it Q> d(p).

From the first order conditions of the expected utility and by using the same parameter setting as in Section 5.2, the optimal
selling price and order quantity can be numerically derived. One interesting finding is that, the optimal order quantity equals to the
mean demand at the optimal selling price, i.e. Q* = d(p*) = 7.11 where p* = 0.72. In other words, the mean demand reference point
always leads the newsvendor to order the mean demand. This result implies that a stochastic (mean demand) reference point lets a
newsvendor give up the ordering decision and only make a decision on price. An explanation for this counter-intuitive result is that
keeping the ordering quantity always equal to the mean demand can surely meet the reference point and avoid any losses by loss
aversion, i.e. E[7(Q, p) — w(d(p), p)I"lg*=d¢) = 0 holds for any p. Compared with a deterministic reference point (target unit
margin) model, Fig. 7 further shows that stochastic reference point leads to a lower selling price and a higher inventory level. Since a
newsvendor has to order the mean demand, lowering the selling price which increases the probability of all products selling out is the
best.

A linear mean demand denoted by d(p) = dy — ap contains two parts: the initial mean demand dy, and the demand reduction due
to price elasticity — ap. In the next, we numerically show how an initial mean demand d, affects the optimal decisions in two different
reference point models. As shown in Fig. 8, it is clear that the decision differences between two reference point models observed from
Fig. 7 carry over. Further, we find that a higher initial mean demand increases the order quantity of both models which is very
intuitive. However, whether or not it increases the selling price depends on the reference point type. It is true for the deterministic
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rasing the selling price is not the best since it decreases the probability of all stocks selling out.

6.2. A general cost setting: shortage cost and salvage value

In this section, we extend the problem to a general cost setting by considering the salvage value and shortage cost, denoted by v
and s, respectively. Based on the analysis in Section 4, the optimal order quantities and selling prices for additive and multiplicative
demand are given by the following first-order conditions. The discussion in this section is based on the fixed-amount cost. More
specifically, for additive demand, (Qg, p;) satisfies

B ts—c—wp =@ —v+O)FQ;—d@))
+ (= Dl + wop] = E(eL (@ p) = (1 = wo)p) — ¢ +)(1 = F(eZ (Q, p))],
i —d a* * e * * * s

SO (= v+ A @) + d(@) + x — QDAF (x) + (1 — wy)Q; — sd' ()

+@ - 1)[fj(o"” (B =A@ + (@) +x = woQ)dF ()= 3, (o' () = (1 wO)Q;)dF(x)] =0,
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Fig. 9. Impacts of wy on the optimal decisions when 1 = 2.25.

n-v s

where €} (Q, p) = BT g d(p) and € (Q, p) = MQ; — d(p}). For multiplicative demand, (Q;,, p.;) satisfies

pm—c—wopm+S—(pm—v+s)F(d@’:’;))

+ (4 = DI(c + wop,, = VF (e, (Q, p)) = (1 = wo)p,, — ¢ + )1 = F(ep, (Q, P,

(o

FEO (= v+ ) () + d(pE))x — QETAF () + (1 — wo) Q) — sd' (B
+( - 1){fj’@"’) [((By, = v)d' (B}) + d(pj)x = woQuldF ()= 5 (s () )x = (1 = wm;)dF(x)} =0,

€ (Q, p) = Q@)
d'(p)(py — ¢ — wopy) + (1 — wo)d(py) = 0.

The following numerical analysis is based on the same parameter settings as in Section 5.2. Figs. 9 and 10 show the optimal selling
price and order quantity with different reference points and loss aversion degrees, respectively. They find that the effects of the
salvage value on the optimal decisions of the risk-averse newsvendor (see Chen et al., 2009) carry over. More specifically, comparing
the dashed line with the black line in all these figures shows that the salvage value always increases the order quantity for both types

_ * ¢
where and efn(Q, p) = %Q;/d(p;). Moreover, the riskless price satisfies
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Fig. 10. Impacts of 1 on the optimal decisions when w, = 20%.

of demand. Further, the salvage value raises (lowers) the selling price for additive (multiplicative) demand. Comparing the dotted
line with the black line in all the figures shows that most of the effects of the shortage cost are identical to those of the salvage value.
However, the shortage cost may decrease the order quantity (selling price) for a relatively large reference point (loss aversion degree)
under multiplicative (additive) demand. These findings can be explained as follows. For multiplicative demand, a relatively large
reference point results in a high selling price, which yields a sharp fall in average demand. As a result, the optimal order quantity falls
correspondingly. For additive demand, the order quantity is increasing with respect to the loss aversion degree. To avoid any po-
tential losses caused by overstocking, the retailer has to raise average demand by lowering the selling price. In summary, we find that
most of the effects of the salvage value and shortage cost on the optimal decisions of loss-averse newsvendors are identical to those of
risk-averse newsvendors.

For the effects of the salvage value and shortage cost on the maximal utility and profit, Fig. 11 and 12 show that most results in
Section 5.1 carry over. More specifically, reference dependence always decreases the newsvendor’s utility, whereas the maximal
profit can be obtained by setting a medium reference point. Compared with reference dependence, the effect of loss aversion on the
newsvendor’s utility is relatively weak in most cases. Moreover, loss aversion has consistent effects on both utility and profit. Some
differences in the effect of loss aversion should be noted. More specifically, loss aversion benefits the retailer on profit for a relatively
small reference point under the fixed-ratio cost setting, whereas it always hurts retailer’s profit under the fixed-amount cost setting.
This can be explained by the fact that if the target can be easily achieved, a cost reduction by sharing the cost between a supplier and
a retailer (the fixed-ratio cost setting) increases the retailer’s maximal profit. Moreover, compared with reference dependence, the
effect of loss aversion on the maximal utility is always weak under the fixed-ratio cost for both types of demand. However, under the
fixed-amount cost and for additive demand, loss aversion is more effective than reference dependence when the reference point has a
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Fig. 12. Impact of wy and 1 on the maximal profit and utility for multiplicative demand when s = 0.8, v = 0.25.

relatively large value. This is due to fact that most outcomes are treated as losses when the target is extremely difficult to achieve.

7. Conclusion

This study examines the effects of reference dependence and loss aversion on a newsvendor’s joint optimal pricing and ordering
decisions in different models from various aspects: demand type, reference point type and cost setting. Our contribution to the
literature is fourfold.

First, we are the first to explore the overall effects of reference dependence and loss aversion on optimal decisions. We find the
optimal pricing and ordering decisions are heavily affected by loss aversion and reference dependence. Most loss-averse newsvendor
literature (e.g. Wang and Webster, 2009; Long and Nasiry, 2015; Wu et al., 2018) studies the optimal decisions by assuming an
exogenous selling price. From this perspective, whether the effects of loss aversion and reference dependence carry over if a
newsvendor can set a selling price by itself is still unclear. Our results show that, although the effects of loss aversion and reference
dependence on optimal decisions are varied in different scenarios, reference dependence generally has greater effects than loss
aversion. In certain situations, reference dependence even dominates loss aversion which can be explained by the fact that the
reference point determines whether an outcome is a loss or a gain.

Second, our results stress that the effects of reference dependence and loss aversion on the optimal decisions heavily rely on how
uncertainty is incorporated into demand (i.e. the demand type). For additive demand, a lowered price through loss aversion and
reference dependence helps achieve the target profit margin. However, in contrast to the case of an exogenous selling price where
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reference dependence and loss aversion always decrease the order quantity, a price-setting newsvendor may order more under loss
aversion and reference dependence. For multiplicative demand, reference dependence dominates loss aversion in lowering the selling
price. Since reducing demand risk and selling cheap can help achieve the target profit margin, the selling price is reduced to the
bottom (riskless price) under reference dependence. Although average demand rises correspondingly by setting the lowest price,
reference dependence and loss aversion still lead to a lower order quantity because ordering less can avoid potential losses from
unsold inventory, which further helps achieve the target. A numerical investigation reveals further insights from the comparison
between maximum utility and its corresponding expected profit under the optimal decisions.

Third, we make the first step towards studying how different types of reference points (deterministic vs. stochastic) affect the
optimal pricing and ordering decisions. Most reference dependence literature (e.g. Uppari and Hasija, 2019) has proposed several
formulations for reference point from theoretical and experimental perspectives, whereas we focus on the effect differences between
different reference point types on the optimal decisions. By numerically comparing the decision differences between two reference
point models, we find that the reference point type heavily affects the optimal decisions. Stochastic reference point model has a lower
selling price and a higher inventory level than the deterministic reference point model. Moreover, a mean-demand stochastic re-
ference point always induces the newsvendor to order the mean demand. To some extent, stochastic reference point lets the
newsvendor only focus on the pricing decisions.

Finally, our results contribute to the newsvendor pricing literature from the perspectives of different cost settings. Most of the
price-setting newsvendor literature (e.g. Khouja, 1999; Chen et al., 2009) adopts the fixed-amount cost setting, whereas we introduce
the fixed-ratio cost setting. Our results show that pricing strategies with target unit profit margins under different cost settings have
clear differences. More specifically, for the fixed-ratio cost, the maximal unit profit margin is unchanged by the price. Therefore,
keeping the price unchanged is the best approach because no price changes help achieve the target. For the fixed-amount cost, since
an increased selling price could help achieve target and further decrease demand uncertainty, raising the selling price is the best
approach. Moreover, one advantage of the fixed-ratio cost setting needs to be noted: the existence and uniqueness of the optimal
decisions in this setting can be guaranteed under relatively mild conditions.

This study suggests that the reference dependence can seriously affect retailers’ joint pricing and ordering decisions. The effects of
reference dependence can be substantially affected by demand types, reference point types, and cost settings. One of the managerial
implications from the results and discussions is the importance of carefully choosing reference point types. Stochastic reference point
is usually set by interior decision makers (e.g. just managers), whereas a deterministic reference point (target margin) can be set by
exterior decision makers (e.g. chairman of the board or a director of board members). Therefore, the reference point type should be
carefully selected based on their different (internal vs. external) effects on the optimal decisions. Further, a stochastic reference point
has a relatively low selling price which usually results in a low realized profit margin. Thus, for a retailer who makes profit by
increasing sales scale or keeping a big sales scale, it is better to set reference point by itself. Different with stochastic reference point,
deterministic reference point is more applicable to the retailers who sell few products but at a high price (e.g. high-margin products
which include hi-tech product, luxury and et al.). Another managerial implication is that a retailer should adjust its pricing and
ordering strategy when the cost setting changes. This situation usually occurs when a retailer enters into a sharing contract (e.g. cost
sharing) with a supplier.

Some limitations of our work should be noted. In line with previous research, our model assumes that the reference point is
exogenously given and static. Since the target profit margin may change dynamically in different periods, it would be interesting to
study how the newsvendor reacts to a varying reference point. Another future research direction would be to consider an endogenous
reference point when more theoretical and empirical support from experiments is available.
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Appendix A. Proof of Proposition 4.1

A.1. Additive demand

The first order and second order derivatives of the newsvendor’s expected utility with respect to Q are

EU@Q P _ (1 —a - wO)p - pF(Q - d(p)) - p(/l - 1)(% + wO)F(eE(Q, p)),
oQ (A1)
and
%QEQ”)”] - —pf(Q - d(p)) - p(a - 1)<occ + wO>2f(e2(Q, p)) <o,

This implies that, for any given p, E[U(7(Q, p))] is concave in Q. Therefore, setting (A.1) equal to zero gives a unique optimal
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order quantity Q; (p).
After substituting Q; (p) for Q, the first and second order derivatives of E[U (7 (Q; (p), p))] with respect to p are given by

# N <o
dE[U(ﬂ'(Qa(P)’P))]=‘/;Qa(P) d(p) @) + dP)p + X)dF(x) + A — 1)/; a (Qa (P).p)) @) + d (P)p + x)dF (x),

dp (A.2)

and

FEEOI= (@ (p)p + 24 (P))(F (Q; (p) = d(p)) + (A = DF ((Q; (p). P)))
+d (P)p((a = d'ENf Q) = dP) + 4 = D((wo + ac)la — d'(P))f (€ (i (P), P)))
+Q (@)U = d'®ENf Qi (P) = d(P) + (A = D)((Wo + a)la — d'(P))(wo + a)f (€5 (Qi (p), P))),
where [, == dQ; (p)/dp satisfies
fQi@) = d@)a = d'(p) + (4 = D((Wo + adla — d'(P))(wo + ao)f (€3(Qi (), p))) = 0. (A.3)
By rewriting l,, we have

J Qi) —d@) + @ = D(wo + 2f (4 ). P))
FQ:(P) —d(P) + A — D(wo + a)f (2(Q: (), p)))

We next prove the existence of p;. For the fixed-ratio cost, the support of p is (0, p]. When p approaches O,
lim,,,0Q; (p) = d(0) + €, which gives

dE[U (x(Q; (p), p))] > lim (j-o:@)—d@ PG + (/1 ~ 1) fe2<om>.p)> xdF(x)) o
dp p—0 £ €

l,=d (P)

p—0

Further, by Lemma 1, we have d(p;) + d'(p})p; = 0. Since d(p) has IPE, d(p) + d'(p)p < 0 holds for any p € [p;, p]. Therefore, for
any p € [p;, pl,

a (p)-d SCHO)
a 7<ng ®) (p)xdF(x)+(/l— l)fg @ (P)p))xdF(x) <CAE(©) = 0.

Py <p<p

These indicate that there must be an optimal selling price p; in the support (0, p;].
To prove the uniqueness of p;, we need to verify whether or not E [U (7 (Q, (p), p))] is quasiconcave in p. Since d(p) has IPE, from

the definition of price elasticity, i.e., e = —de(g), we have
de(p) _ _(pd"(p) + d'(p)d(p) -pd®)’ >0
dp d*(p) o
which can be further rewritten as
, d’ d d
&) < [p ®) _1] ® _ 4@, 0.
d(p) p p
Since p; € (0, p;1, we have e(p)) < e(p]), which gives
" 1’ d/ Sk ’
WP+ 20 Dlaviiipm_, < 1+ @+ 2 ) =0

dp
Further, we have

LBV (Q5 (0P
dp?

dE[U(ﬂ(ng(p),p))]:OSdl(p)p[(la - d'ENf Qi) — dP)
+ @ = D((wo + a)la — d' () (< (Qz (), P)]-
Note that

~d' ()1 — wo — a)f (QI(p) — d(p)) o
FQi®) —d(@) + @ - Dlwo + alf (@@L )~ (A4)

(wo + ochla —d ()=

o d2E[U i),
Then, combining (A.3) and (A.4), W U QDo)
IV atlPhPIT_

dp

can be further rewritten as

PEV Qi @)p)]
dp?

dEU (7 (Qg (P)P))] _
dp -

=pd' (p)((la = d'(P)f Qs (P) = d(P)) + (A = D((wo + ac)le — d'(p))f (g (Qi (), P)))
<pd' (p)((la = d'(P))f (Qa (P) = d(P)+(A = D(wy + ac)(wo + ac)la — d'(P))f (€5 (Qi (p). p))) =0,

0
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that implies E [U (7 (Q; (p), p))] is quasiconcave in p. Then, setting (A.2) equal to zero yields the optimal selling price. This completes
the proof.

A.2. Multiplicative demand

The first-order and second order derivatives of the newsvendor’s expected utility with respect to Q are

d ,
w = (1 — Qe — wo]p - p{F(d&(p)) + (/I - 1)(% + WO)F(e?n(Q, p))} s

FE[U(Q, p))]
PE@ I (g8 (1o s w4 08]) <o

which implies that E [U (7 (Q, p))] is concave in Q for any given p. Therefore, setting Eq. (A.5) equal to zero gives a unique optimal

order quantity Q, (p).
After substituting Q;;,(p) for Q, the first and second order derivatives of E [U (7 (Qy; (p), p))] with respect to p are given by

and

* Q@) 0 (o
dE[U (7 (Qn (), P))] _ d(p) + pd' () -[ﬁ"@xdF(x) . [/1_ 1] je.e,n(om(p).p) xdF(x)]

dp (A.6)

and

x . Qn @) O (o
dZE[U(ﬂ;PQZm(P)vP))]z(d (p)p + Zd/(p))[‘/; d() xdF(x) + (l _ I)Lm(Qm(P)sP)xdF(x)J

+ (@@ + dE) 2 (nd (P) = G () ()

(%) + @ = D0wy + 1 &5 @5 e) P,

where 1, := dQ*(p)/dp satisfies

(f(?f’(g;)) + (/1 - 1)(WO + ac)zf(E&(QZ(p), p)))-(lmd(m ~ Qu(P)d () =o.

Q)
i) Then, we have

Further, we obtain l,, = d'(p)

PEU Q)]
dp?

= (p)p + 2d'(p)) fQj;ég) xdF(x) + (A — 1) fe(')" Qn @) xdF (x)

dEU Q@)1 _ ™ P e €
dp

<o (d(p) + pd'(p))- fof(lz?;) xdF(x) + (A —1) fe("”(Q'Z(p)’P) xdF(x) | =0

= dp e e ’

Qm

* &0 ko k
which implies that E[U (7 (Q;; (p), p))] is quasiconcave in p. Since jg'd(p’") xdF(x) + |1 -1 j; m Qmbm) 34 (x) is nonzero in the do-

main of wy, setting Eq. (A.6) equal to zero gives the optimal selling price p. This completes the proof.
Appendix B. Proof of Theorem 1
B.1. Additive demand

(i) For the effect of anchoring, from (A.2), we have

FEWEQLN] 5 (p)((A — 1)(wo + ate)f (€2(Q; (), PI(Q; (p) + (wo + )LL)

dpdwg
+£(Qi ) — d@)Ly") + &' (P)p(f(Q: (p) — d(P)Lg"
+@ = Df (€2(Qz (), PQ; (p) + (wo + a)Lg")), (B.1)

where L, := dQ;(p)/dwy,. By Eq. (6), L, satisfies the following equation:
F(Qi @) — dNLy + A — D(F (] (Q; (1), p))
+ (e + wo)f (€] (Qs (), P(Qs (P) + (Wo + a)Ly™) = —1. (B.2)
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Combining (B.1) and (B.2), we obtain
SEWCBOD_ (1 4 (L~ DF (EQ: (0), PIQP) + d'P)p) + d' P)p( — 1)
f((QE (D), P — e — wo)(QZ (P) + (wo + ac)Ly™).
From (B.2), we further have

Qi) — d(P)Qi(p) — (ac + wo)(d + (A — DF (4(Q:(P), p)))
F@Qi(P) = d(P) + (A = V(e + wo)’f (€2(Q; (), p))

Q@) + (WO + ac)La‘”" =
which implies that

FEWEQ@OD ¢ _ (1 4 (1= 1)F( (Q: (p) PN (PIPA — DF (£ (Q: (P), P — ate — wp)

dpdwg
ae+ wo * ’
) + +d
F(Q& ()= d(p)) + (4 — Di(ac +wo)f (€3 (Q3 (). p)) Qu(®) @ ]
B 1+ = DF(<} Qi (p).p) [f (QX (p) — d(p))
= a

TP Qi@ — d®) + (- Dee+ wolf (& (i (2).p)
Qi () +d'®)p) + (4 = D(ate + wo)f (€ (Qq (P). P)((Wo + &) Qi (p) + d'(P)p)]

Further, the optimal selling price satisfies the following equation, i.e.,
SO @) + d @R +x0dFP )
E0 * ok , " .
+@ =) LR @@ + d (@)p; + x)dF (x) =0, (B.3)

To ensure that Eq. (B.3) holds for any given 4 and wy, the following condition must be hold,

> 0.
x=e5 Q5.0

(d(pj ) +d'@)p; + x)f(X)

+ (/1 - IJ(d(p:) +d'@)p; + x)[(x)

x=Qq-d(;)
Under the condition, we have that

Qi = d@NQq + d'@)p) + A = V(e + wo)f (e (Qas I ((wo + a)Qs + d'())p) > 0
which further yields

?E[U (7 (Q; (p), p))]
apawo

dE[U (7 (Qz (®):p)] _

dp 0

Therefore, E [U (7(Q, (p), p))] is submodular in (p, wo) in a neighborhood of p;, and then p; is decreasing in wy.For the effect of
loss aversion, from (A.2), we have
SECGOD_ Q; (p)f Qi — DL + [+ %P (d(p) + x)dF (x)
+ (@ = D(wo + &) Qi (P)f (€] (Qi (P), P)(Wo + &)L
+d Ep(FQ; — dP)L; + F(€X (Q (p), p)) + (4 — D(wo + ao)f () Qi (p), PILY),
where L} = dQ7(p)/dA satisfies
F(Qi = dE)LE + (wo + a)F(9(Q; (p), p)) + (A — 1)(wy + a)f (€2(Qi (p), p))Ly = 0.
Then, we have

A _ (WO + O(C)F(Gg(Q;(p), P))

Li=—— <o.
F(Qi = d@) + A = D(wo + ar)’f (4(Q; (), p))

FEIU Q5 ).
opai

By substituting L/ into , we have

PE[U# Qi) P)] _ _ /eﬁ.’(oa‘(m,p)
dpoa -

Fodx + d'(p)pL;f(Q: - d(p)](l - ] <o,
Wy + o,

which implies that E [U (7 (Q; (p), p))] is submodular in (p, 1). Therefore, p; is decreasing in 1.

(ii) In the additive demand model, the signs of dQ;/dA and dQ;/dw, depend on both the distribution of the demand risk F(-) and the
detailed expression of d(p). Therefore, the order quantity may not be monotonic in the degree of loss aversion and the value of
the reference point.
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B.2. Multiplicative demand
(i) From Eq. (3) in Proposition 4.1 (b), it is straightforward that p’ is independent of both 1 and w.
(ii) By Theorem 4.1 (b), we have
Qg 1+ (= DF (ehy (Qs ) + (= Dwo + xc)f (< (Qps D)) Qe / d )
dwy *
’ [f(dg':’; ))+[l—l](WO+ac)2f[E9n [Q;,p,;))]/d@:;)

dQg (w0 +a)F (< (Qpv Pri)

@ (o * 20( 0 (0% p* «
I(m]/d@m)+ A=1|(wo+ac)f|em | Qm:Pp ||/ d@p)
m

<0,

<o.

These indicate that Q,, is decreasing in both the anchor wy and the degree of loss aversion A.
Appendix C. Proof of Corollary 1

dE[U (7 (Q4 (). P))]

For the additive demand, since i

<0, p’ < p; always hold. For the multiplicative demand, the result is

Py

straightforward by using (3).
Appendix D. Decision differences between loss aversion and risk aversion

See Table A.

Table A
Comparison of the optimal decisions between loss aversion and risk aversion.

Demand Model Decisions Risk-averse Newsvendor Loss-averse Newsvendor Loss-averse Newsvendor
(Chen et al., 2009) (Fixed-ratio cost) (Fixed-amount cost)
Additive Price (i) Lower than riskless price (i) Lower than riskless price (i) Maybe higher than riskless price
(ii) Decreasing in risk aversion (ii) Decreasing in loss aversion (ii) Decreasing in loss aversion
(iii) Decreasing in reference point (iii) May not be monotonic in reference
point
Quantity (i) May not be monotonic in risk (i) May not be monotonic in loss (i) May not be monotonic in loss aversion

aversion

aversion
(ii) May not be monotonic in reference
point

(ii) Decreasing in reference point

Multiplicative Price

(i) Greater than riskless price
(ii) Decreasing in risk aversion

(i) Equal to riskless price
(ii) Unchanged in loss aversion
(iii) Unchanged in reference point

(i) Greater than riskless price
(ii) Increasing in loss aversion
(iii) Increasing in reference point

Quantity

(i) Decreasing in risk aversion

(i) Decreasing in loss aversion
(ii) Decreasing in reference point

(i) Decreasing in loss aversion
(ii) Decreasing in reference point
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