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GREENING LEVEL AND PRICING DECISIONS OF THE GREEN PRODUCT
SUPPLY CHAIN IN THE PRESENCE OF CONSUMERS’ ANTICIPATED
REGRET

LiLt Liub*® AND YIZHONG Li2

Abstract. When a firm introduces a new improved eco-friendly product into the market of the con-
generic non-green product with the same baseline attribute, consumers are uncertain about the true
valuation of this green product. Thus, when choosing between the green product and non-green product,
consumers will anticipate the potential regret in the future and try to minimize it, and their purchasing
decisions will be affected. This paper investigates the impact of consumers’ anticipated regret on the
manufacturer’s and retailer’s optimal pricing and greening level decisions of these two kinds of products.
By a game theoretic model in which the manufacturer is the leader, we derive the optimal wholesale
price, greening level and retail price. Our analysis shows that the manufacturer and retailer can benefit
or loss from consumers’ two types of anticipated regret in equilibrium. Furthermore, the green product’
optimal wholesale price and retail price, and greening level all decrease with green product-purchase
regret but increase with non-green product-purchase regret in equilibrium. Interestingly, we also find
that the non-green product’s optimal wholesale price and retail price are not affected by the consumers’
anticipated regret and the green product. This study provides retailers and manufacturers with new
marketing management insights from the perspective of consumers’ anticipated regret behavior, and
outlines the guidelines for them on invoking or mitigating consumers’ regret to increase profit or demand
at the right time.
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1. INTRODUCTION

With the promulgation and implementation of series of green legislation as well as the increasing environ-
mental concern of consumers, lots of manufacturers are aware the importance of the sustainable development
and environmental management and have launched green operations to gain a competitive advantage in the
market [22]. The development, production and marketing of green products are important parts of sustain-
able development [18]. When a firm introduces a new green product, competitions between green and non-green
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products are unavoidable. Consumers can know the green attribute through the product introductions, but they
are still uncertain about its true valuation [5]. Besides, The extant literature on psychology has provided a lot of
evidence that uncertain preferences lead consumers have wrong valuations for the new product [12]. Therefore,
consumers’ environmental awareness also leads consumers to underestimate or overestimate the true valuation
of the green product, eventually affects the price they’re willing to pay [17]. More specifically, the higher a
consumer environmental awareness is, the more he is willing to pay [8]. Since the new green product and the
incumbent non-green product are substitute and the green product has price premium in the market, consumers’
uncertain valuations of the new green product probably result in consumers experiencing post-purchase regret
when they find that the forgone alternative would have been more preferable [21]. Such as, when a consumer
chosen a new energy vehicle instead of a common petrol vehicle and then found some issues, e.g., a limited
driving range or fewer recharging points, he would regret having wasted money to buy this new energy vehicle
with higher price. By contrast, if a consumer purchased a non-green product, and then found out that the
green product was much better than he had expected before, he would regret too. When consumers experience
post-purchase regret in their past green products consumption, they gradually anticipate the potential regret
in the future and try to minimize it, eventually, their purchasing decisions will be affected [11,30]. So, when the
manufacturer and retailer make decisions on price and the greening level of the green product, and the price of
the non-green product, they need to consider the impact of consumers anticipated regret.

Given the significant effect of anticipated regret, understanding how consumers assess and make purchase
decision between these competing products has been one of the significant factors for manufacturers and retailers
in increasing the demand and realizing the potential value of green products [14] Therefore, this paper investi-
gates the pricing and production problems in a green product supply chain with two competing products, when
consumers have anticipated regret occurs. In this paper, the following questions are expected to be responded:
(1) whether and how does anticipated regret affect consumers’ purchase decision? (2) How does consumers’
anticipated regret affect the greening level of the green product and the wholesale and retail prices of these
two competing products? (3) How does consumers’ anticipated regret influence the retail’s and manufacturer’
profits?

To address these research questions, we construct a game theoretic model under two scenarios to explore the
impact of consumers’ anticipated regret. In the model, there are two types of products, the non-green product
and the green product which are substitute and complementary in function. Since consumers have different
environmentally friendly propensity and different levels of knowledge with the green product, consumers’ val-
uations are uncertain. And, they may experience two types of potential regret in the future: the regret from
purchasing the green product (green product-purchase regret) and the regret from purchasing the non-green
product (non-green product-purchase regret). The interactions between the manufacturer and retailer are mod-
eled as a Stackelberg game where the manufacturer acts as the leader and the retailer acts as the follower.
The manufacturer determines the greening level of the green product and wholesale prices of the two types
of products, and the retailer decides the retail prices of them. We investigate the pricing and greening level
strategies for members in the green product supply chain under two scenarios. The first scenario is called the
normative benchmark model, in which consumers do not anticipate the potential regret, and the second one
consists of the consumers’ potential anticipated regret. We also analyze the impact of regret aversion on the
optimal decisions and profits.

Compared with the present research, the main contribution of our paper in three ways. First, the green product
and non-green product with the same functionality co-exist in the market, and the competition between them are
unavoidable. Therefore, it is necessary to consider a supply chain consists of two competing products. Second,
as mentioned before, anticipated regret has significant effect on consumers purchasing decisions, although lots
of researches have been done on green supply chain, but none of them has taken consumers anticipated regret
into account. This paper considers two types of anticipated regret, green product-purchase regret and non-green
product-purchase regret, and compares two scenarios with and without anticipated regret to investigate the
impact of the anticipated regret on the manufacturer’s and the retailer’s optimal decisions about both pricing
and greening level and their profits.
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This research offers some new insights on relevant research on the green product supply chain and anticipated
regret. First, we find that the manufacturer and retailer can benefit or loss from consumers’ two types of
anticipated regret in equilibrium: comparing with the case in which consumers do not have any anticipated
regret, when consumers’ aversion to green product-purchase regret aversion is stronger (weaker), they will loss
profit (benefit) from anticipated regret. Second, as the aversion to green product-purchase regret increases (or as
the aversion to non-green product-purchase regret decreases), the optimal greening level and the manufacturer’s
and retailer’s optimal profits decrease. And when consumers do not have green product-purchase regret and the
non-green product-purchase regret aversion is large enough, the manufacturer’s and retailer’s optimal profits
will reach the maximum. Third, the optimal wholesale and retail prices of the non-green product are not affected
by the green product and consumers’ anticipated regret in equilibrium.

This paper is organized as follows. In Section 2, we briefly review the related literature. In Section 3, we
introduce our basic assumptions and notations and present a model without consumers’ anticipated regret as a
natural normative benchmark, then investigate the optimal pricing and greening level decisions in this case. After
that, we construct the model with consumers’ anticipated regret and explore its effect on the manufacturer’s
and retailer’s optimal decisions. In Section 4, we present a numerical example to illustrate some insights. Finally,
we summarize our insights in Section 5.

2. LITERATURE REVIEW

For the substantial development, production and development cost of the green product, manufacturers need
trade off the greening level and the investment [18]. Besides, consumers are also concerned about both the price
and greenness when they choose from the green product and the non-green product with the same functionality.
Therefore, the optimal decisions about both greening level and price of the two products are important issues
for manufacturers and retailers. This work lies at the confluence of the green product supply chain literature
and anticipated regret literature, which have received substantial interest recently. Therefore, we review the
literature on the green product supply chain and anticipated regret.

2.1. The green product supply chain

Some research on the green product supply chain chiefly focuses on the supply chain with the green product
only. As the substantial development cost and the uncertain demand of the green product, Li et al. [13] con-
centrated on the risk-averse of the manufacturer and retailer respectively and discussed the optimal decisions
and profits in a green supply chain, finding that the product greenness and leader’s profit are always higher in
the manufacturer-led green product development model. Rahmani and Yavari [22] studied pricing and greening
level decisions in a two-stage dual-channel supply chain comprising a manufacturer and a retailer under central-
ized and decentralized structures when the market demand of the green product was disrupted by unexpected
events. Zhu and Wu [32] modeled a green product supply chain composed of two asymmetric retailers and a
manufacturer and analyzed the impact of the retailers’ strategic decisions on the introduction of a newer green
product. Ma et al. [16] considered a two-stage supply chain with two competitive manufacturers and explored
the optimal green manufacturing level, wholesale prices, retail prices and the profits of supply chain members
under different models. Consumers’ environmental awareness are always considered in analyses of pricing and
production strategies. Considering consumers’ environmental awareness levels, Shoaeinaeini et al. [24] conducted
a mixed-integer non-linear programming model and explored a return rate for each customer zone and the opti-
mal acquisition price in the green closed-loop supply chain. Owing the price difference between the green product
and the common non-green product, Hong et al. [9] explored the impact of the consumers’ reference behaviors
on the green-product design and pricing decision by a Stackelberg model. Considering two different pricing
strategies, Chen et al. [7] focused on reverse logistics of a green supply chain with environmentally-conscious
customers and fond that it had an impact on the willingness to transfer the used product and the quantity
recycled. Sarkar et al. [23] considered the environmental risks and constructed three models for two different
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types of innovations, finding that the highly green innovative products performed better than the less innova-
tive products. As a new product, consumers are uncertain about its true valuation. Xu and Duan [27] indicated
that the block-chain technology can solve this issue, and retailers and consumers could benefit from it. With
the entry of the green product, the competition with the non-green product may have impacts on the supply
chain partners’ performance. Jamali and Rasti-Barzoki [10] also indicated the competition between green and
non-green products was essential and investigated the optimal price of two substitute products and the degree
of greenness of the green product under two dual-channel supply chains. Similarly, Zhang et al. [31] expanded
green chain with green and non-green products, they investigated the equilibrium results for two production
modes in cooperative and non-cooperative game respectively and indicated that the production cost had an
important impact on the choice of production modes.

Among the above literature, Jamali and Rasti-Barzoki [10] and Zhang et al. [31] are similar to this study,
both of which consider the competition between the green and non-green product. Different from them, this
paper considers consumers’ anticipated regret. The reason is that green products are more expensive than the
non-green product in general [5], and consumers’ environmentally friendly propensity is uncertain, which are
easy to lead consumers to regret over their purchase choices (non-green products or green products). Thus, it
is necessary to incorporate anticipated regret into the green product supply chain management, and investigate
its effect on the supply chain members’ optimal decisions about both pricing and production.

2.2. Anticipated regret

Loomes and Sugden [15] incorporated the psychology concept—anticipated regret—into the expected utility
theory to explain some choice anomalies under uncertainty, which cannot be explained by standard expected-
utility theory. When consumers experienced regret they will try to minimize their disutility from post-purchase
regret [6]. A vast body of research has indicated that anticipated regret can significantly influence individual’s
decisions in different fields, such as, work-family conflict [1], entrepreneurial intention [2], auctions [4], consump-
tion action [26], impulse buying behavior [29]. Specifically, a group of researchers have investigated the effect
of anticipated regret on consumers’ and firms’ decisions in different fields [3]. Focusing on the price markdowns
in various industries, Ozer and Zhang [20] constructed a consumer model and showed that anticipated regret
and misconception of product availability affected consumers’ purchase decisions and the optimal strategies of
seller. Nasiry and Popescu [19] defined two types of anticipated regret-action regret and inaction regret, and
indicated that they had significant effect on the consumers’ advance purchase decisions and firm profits and
policies, thus firms should respond to consumer regrets to maximize the profit in advance selling context. Yang
et al. [28] explored how anticipated regret affects re-manufacturing strategies for an original equipment manu-
facturer, finding that anticipated regret did not always hurt his profit. When a firm introduced a new product,
Jiang et al. [11] indicated that the consumers’ anticipated regret had both positive and negative, non-monotonic
effect on firms’ profits and the level of innovation. Most of these research, except Jiang et al. [11], focuses on
the anticipated regret stemming from the uncertain valuation for a particular product or service at different
periods. This paper considers two substitute products, the non-green product and the green product, which
have the same functionality and the only difference is that the green product has a green attribute.

Table 1 summarizes the related recent research on the green product supply chain and the anticipated regret.
Focusing on the green product market where consumers’ anticipated regret is prevalent, our paper contributes
to the recent literature in three ways. First, compared to the deterministic estimation model usually used in
supply chain, we construct a novel valuation model for these two substitute products that considers consumers’
anticipated regret. This can portray consumers’ purchasing decisions exactly. Second, this paper further explores
the impact of anticipated regret on retailer’s and manufacturer’s optimal decisions about both pricing and
greening level. Third, our study facilitates retailers and manufacturers in the green products supply chain
with new marketing management insights from the perspective of consumers’ regret behavior, and outlines the
guidelines for retailers and manufacturers on invoking or mitigating consumers’ regret to increase profitability
or demand of green products at the right time.
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TABLE 1. Selected recent studies on the green product supply chain and anticipated regret.

Research perspective Task Considering
the Substitute
Products

Risk-averse [13] Investigating the optimal greenness decision and profits No

Demand disruptions [22] Investigating the optimal pricing and greening level decisions No

The retailers’ strategic deci- Investigating the introduction of a newer green product No

sions [32]

Consumers’ environmental Investigating the return rate for each customer zone and the No

awareness [24] optimal acquisition price

Consumers’ environmental Investigating the willingness to transfer the used product and No

awareness [7] the quantity recycled

Consumers’ reference behav-  Investigating the green-product design and pricing decision Yes

iors [9]

Hybrid production [31] Investigating the optimal pricing and coordination strategy Yes

Competition between green Investigating the optimal price of two substitute products and Yes

the degree of greenness

Investigating the impact on consumers’ purchase decisions and No
the optimal strategies of seller

Investigating the re-manufacturing strategies for an original No
equipment manufacturer

Investigating the firms’ optimal profits and the level of innova-
tion

and non-green products [10]
Anticipated regret [20]

Anticipated regret [28]

Anticipated regret [11]

3. THE MODEL

Consider a supply chain with one manufacturer and one retailer. The manufacturer offers non-green products
(denoted by C') and green products (denoted by G) and delivers them to the retailer, and then the retailer
sells them to the demand market. A consumer buys at most one product from the retailer. The retailer is
risk-neutral and maximizes its profit by deciding the retail prices of two types of products. The manufacturer
needs to determine the greening level of the green product and the wholesale prices of two types of products,
and he is risk-neutral too.

The non-green product has a basic attribute, denoted by a;. Without loss of generality, the quality for the non-
green product is normalized to 1, and the marginal cost of production is normalized to 0. The green product has,
in addition to the same baseline attribute a; as the non-green product, an environmentally friendly attribute,
denoted by as. The green product has a greening level of ¢(0 < ¢ < 1) for attribute. This greening level ¢
represents the level of environmental protection. The research and development and other relevant expenditures
of the green product is %tqQ7 t is the fixed cost coefficient, according to the green product design literature [18].
This convex cost function captures the increasing difficulty of developing and improving the green product’s
eco-friendly level. After successful development, the marginal cost of green products may be higher or lower
than that of non-green products. Therefore, it is also normalized to 0 in this paper to reduce the mathematical
complexity. we and wg are the wholesale prices of the non-green product and green product, and wg > we.
Accordingly, the price of the green product paid by consumer pg is bigger than that of the non-green product
pc, t.e., pg > pc-

There is a unit mass of consumers in the market, each of whom buys at most one product. v is a consumer’s
willingness to pay for quality of the basic attribute a;. Therefore, a consumer’s expected valuation for the
non-green product is v, and the distribution of it is distributed uniformly over [0, 1]. Consumers are different
in environmentally friendly propensity, and their preference for green attribute can be either high or low. 6
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is consumer’s willingness to pay for quality of the green attribute ao, and 6 is distributed uniformly. Each
consumer purchases at most one of the two substitute products, and they want to maximize his utility. Before
purchase, as consumers may have different levels of knowledge with the green attribute and environmentally
friendly propensity, consumers are uncertain about their actual valuations of the green attribute. For simplicity,
we assume that the prior probability that consumers will have a high valuation for greening level is %, and
0 = v after purchasing and experiencing the product. By contrast, the prior probability that consumers will
have a low valuation is % too, and now 6 = 0. Therefore, a consumer’s expected valuation for a green product
is v+ %vq.

In the equilibrium model, it is crucial to consider players’ decisions and interdependence relations. Since the
research and development of the green product needs high-technology and massive investment, manufacturer
being the leader is a common scenario, in this paper, we model the interactions among the market participants
with the following 2-stage game where the manufacturer acts as the leader and the retailer acts as the follower.
At stage 1, the manufacturer decides the greening level ¢ and the wholesale prices of the common and green
products (i.e., we and wg). And then, at stage 2, the retailer sets the retail prices of the two substitute products
(i.e., pc and pg). Lastly, consumers make purchase decisions according to their valuations.

3.1. Benchmark case: no anticipated regret

8.1.1. The model under no anticipated regret

In this section, we present a model as a benchmark in which consumers have no anticipated regret. The
ex-ante expected utilities from purchasing a non-green product C' and a green product G are as follows:

uc =v — pc (3.1)
1
ug =0v+ ivq - pg. (3.2)

Let v* denote the willingness to pay of a consumer who is indifferent between buying a green product and a
non-green product, i.e., uc = ug, and we obtain v* = 2(%%;”). When a consumer’s valuation of a product is
smaller than v*, he will buy a non-green product; a consumer with v > v* will choose a green product. Thus,
the demands for the non-green product D¢ and the green product D¢ are:

9 _
D¢ = pdy = 2Pa=pe) (3.3)
q
uc>0,uc>ug,1>v>0
) _
q
ug>0,ug>uc,1>v>0
Hence, the manufacturer’s and the retailer’s profits are:
L o
II,, = wg - Dg +we - Do — §tq (3.5)
I, = (pc —wg) - Dg + (pc —we) - De. (3.6)

3.1.2. the equilibrium under no anticipated regret

We solve for the equilibrium to have the optimal strategies for the retailer and the manufacturer using
backward induction. Specifically, first, we find the retailer’s optimal retail prices at stage 2. Next, we derive the
manufacturer’s optimal wholesale prices and greening level at stage 1, which fully characterizes the equilibrium.
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(1) Stage 2
At this stage, the retailer needs to figure out the following problem:

maxIl,_s = (pe —wg) - Da + (pc — we) - Do
pe >pc >0

pa > wg >0

pc > we > 0,

wg > we > 0,

1>¢qg>0,

t> 0.

Lemma 3.1. Under no anticipated regret, when the wholesale prices of these two substitute products and green-
ing level have been set by manufacturer at stage 1. (a) the retailer’s profit function I,._so is a strictly jointly
concave function with retail prices of the green product pc and the non-green product pc. (b) the retailer’s
optimal prices of non-green product pf._, and green product pf._ o at stage 2 are:

N 1+we

P = (37)
N 1

PG_s2 = Z(Q+2+2'w6‘)- (3.8)

Proof. Given the greening level of the green product and the wholesale prices of these two substitute products,

combining equations (3.3) and (3.4) to the retailer’s profit, we can obtain that %2} < 0, %IQI’“ < 0 and
G

o1, 9’1 9°11,
opZ, apc dpcdpc
concave in pg and pc. And then, let the first derivative of the retailer’s profit with respect to pg and pc be

zero, and we can obtain pf,_,, and p{,_ . by solving these equations. O

2
) > 0. Thus, the Hesse matrix is a negative definite matrix, that is, I, is strictly jointly

Combining equations (3.7) and (3.8) to (3.3) and (3.4) gives the demand for these two substitute products:
D¢ = w ,Dg = %ﬁwc) It is not difficult to find that if the manufacturer improves the greening
level of green productb the demand for the green product increases, but the demand for the non-green product
decreases; however, when the greening level is smaller than twice the wholesale price difference between these
two types of products, the demand for green product is 0. When the wholesale price of green product increases,

the demand for it decreases, but the demand for the non-green product increases.

Corollary 3.2. Under no anticipated regret, at stage 2, when q < 2(wg —wce), retailer’s profit IIY_ o decreases
with the greening level q but increases with the wholesale price of the green product wg; when q > 2(wg — we),
the retailer’s profit 1L\ _ ., increases with the greening level ¢ but decreases with the wholesale price of the green
product wq.

Proof. Form equations (3.6)—(3.8), we have

“ 7q2+q~(2wcf4wg+2)+4‘(w(;fwc)2.
r—s2 = 8¢
Then, 21;*2‘52 = (we ;;”0)2, 3;;252 = —qu_z“’C, 9 ;IJ)Q 2 — 1 . After simple calculation, we obtain that its Hesse
matrix is a positive semi-definiteness matrix. Hence, IC_;IT 52 1s a convex function in ¢ and wg.
anéq 22— 2-2(weo wC)SE?%+2(wG we)) , when ¢ > 2(wg — we), anarq 22 is positive, and when ¢ < 2(wg — we),

Ol _s» 7o

B is smaller than 0. In the same way, we obtain that when ¢ > 2(wg — we), aawé < 0; and when

q < 2(we —we), Dr=s2 5 g, O

Towg
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From Corollary 3.2, we know that the retailer’s profit is affected not only by the greening level but also
by the wholesale price difference between these two substitute products. The intuition is as follows. When the
greening level is higher than twice the wholesale price difference between these two substitute products (i.e.,
q > 2(wg — we)), the unit profit of green products is bigger than non-green products. Therefore, when the
greening level increases, the demand for the green product Dg increases, and eventually the retailer’s profit
increases. By contrast, when the greening level of the green product is lower than 2(wg — w¢), the demand for
the green product D¢ is 0. Therefore, as the greening level increases, the demand for the non-green product D¢
decreases, naturally, the retailer’s profit decreases. Similarly, when ¢ > 2(wg — w¢), the unit profit of the green
product is bigger, however, when wholesale price of it increases the demand for green product Dg decreases,
eventually the retailer’s optimal profit decrease. When ¢ < 2(wg — w¢), the demand for green product D¢ is 0,
consumers prefer non-green product to green product. When the wholesale price of the green product increases
the demand for non-green product D¢ increases, and the unit profit of the non-green product is bigger now,
thus the retailer’s optimal profit will increase.

(2) Stage 1

Having the optimal retail prices of these two substitute products at stage 2, we now consider manufacturer’s
optimal strategies at stage 1. Specifically, following Lemma 1, the profit of the manufacturer is

2 2 2
wg wg  2wgwe  wis o w14

I, =——- ¢4 26¢ "¢ "C_ 42 3.9
"o Ty T ¢ 2 21 (3.9)

Equation (3.9) shows that if the wholesale prices of these two types of products are given, the impact of greening

level on the manufacturer’s profit is non-monotonic and there is a maximum point (a Un < 0) As greening

q= (wg— wc)3
5

level increases, the manufacturer’s profit first increases and then decreases, and when it reaches

the maximum.

Lemma 3.3. Under no anticipated regret, manufacturer’s profit function Il,, is a strictly jointly concave func-
tion with greening level g and wholesale prices of green product wg and non-green products we .

. - 92, 2witdwgwe—2wi 82 Hm _ 2 9&m, 2
Proof. From equation (3.9), we can obtain 7 A — < —t, iz i T v e 1, they
2 .
are negative. And from aa#@ =2 68 = 2(wc2w0) nd 66 Ha = —2(“’07271]0), we obtain that its Hesse
wgdwc q’ dwgd q wcogq . a- . .. .
matrix is a symmetric negative definite matrlx by calculation, thus II,, is a strictly jointly concave function
with ¢, wg, and we. O

Thus, the objective function II,, has an optimal solution.

Proposition 3.4. Under no anticipated regret, the equilibrium greening level ¢*, wholesale prices of the non-
green product w§, and the green product w§,, and retail prices of the non-green product pg. and the green product
pe are as follows.

N U TS S IS TRVUNE D
T T e Ty e PoT PO T T Tase
Proof. Let the first derivative of manufacturer’s profit with respect to ¢, wg, and we be zero,

8Hm 1 QwG 2wc

— - _ =0 3.10
owg 2 q * q (3.10)
o, 2 2

Oy, _ 2vG  2wo g (3.11)
Jwg q q

oll,, wé 2wawe
=G _Z27C7C L TC g = 0. 3.12
90 - ¢ " + q= (3.12)
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From equations (3.10) and (3.11), the equilibrium wholesale price of the non-green product is w¢§ = % Then
we obtain wg, = % + ﬁ, therefore, in equilibrium the optimal greening level ¢* is ﬁ. And then we can get the
optimal retail prices of the two types of products: pf, = %, D& = % + %St. O

According to Proposition 3.4, under no anticipated regret, the green product doesn’t affect the non-green

product’s equilibrium wholesale and retail prices that are constant. In equilibrium, the optimal profits of the
. * 1 1 * 1 1 e : . ‘a

reteluler and manufacturer are Il = 75 + =75 and I}, = g + =5;. It is obvious that the manufacturer’s profit

is 75 higher than that of retailer in equilibrium.

3.2. Analysis with anticipate regret
8.2.1. The model under anticipated regret

In this section, we consider the optimal strategies for retailer and manufacturer when consumers have antic-
ipated potential purchase regret. At the time of purchase, a consumer is uncertain about the true value he will
derive from the green product. He can know the actual value either through direct usage experience or word-
of-mouth from other consumers who bought it. When he finds out that the utility of the product he purchased
is lower than that of the forgone alternative, he will regret. The regret is classified into two different types in
this paper. The first type of regret arises from purchasing a non-green product, i.e., a consumer purchased a
non-green product and ended up with the awareness that the true value of the green product is much more than
he had expected, and he would have been better off if he had purchased the green product. By contrast, the
second type of regret occurs from purchasing a green product, i.e., a consumer bought a green product and found
out that its green attribute is not as much as he had expected, he would have gained a higher utility if he had
chosen the non-green product. We refer to the former type of regret as “non-green product-purchase regret” and
the latter type as “green product-purchase regret”. The regret consumers experience in the past consumption
leads them to anticipate the potential regret when making a purchase decision in the future. Let parameter r¢
(0 < r¢ < 1) measure consumers’ aversion to non-green product-purchase regret, and rg (0 < rg < 1)measure
the consumers’ aversion to green product-purchase regret. To facilitate expression and analysis, we define the
regret function p = ﬁ:g , which is an indicator of consumers’ relative propensity of regret. Obviously, % <p<L2
and it increases with r¢ but decreases with r¢. When p > 1 (i.e., r¢ > r¢), consumers are more sensitive to the
regret from buying a green product than a non-green product; when p < 1 (i.e., rg < r¢), this case corresponds
to the situation in which a consumer’s aversion to green product-purchase regret is lower than his non-green
product-purchase regret; when p = 1, it represents rg = r¢.

When a consumer finds that the forgone alternative would have given him a higher utility than his actual
choice, he will experience some regret. As mentioned before, we assume that the prior probability that a consumer
will have a higher (or a lower) valuation for the green product is 1/2 after purchasing, therefore, the probability
of a consumer experiencing regret also is 1/2. Based on the model of Niladri et al. [25], we introduce a linear
regret term to express the consumer’s disutility of potential outcomes brought by anticipated regret. Thus,
consumer’s expected utility from purchasing a non-green product C or a green product G are equal to

1
uc =v —pc — 5re(vq —pe + pe) (3.13)
1 1
uGg =0+ 51)(] - pG — iTg(pG —pc). (314)

Then the willingness to pay of a consumer who is indifferent between buying a green product and a non-green
product v* equals P<ZE< - (p + 1). As in the benchmark case, when a consumer’s valuation of the product is
smaller than v* (i.e., v < v*), he will choose a non-green product, otherwise, he will buy a green product. Thus,
when consumers have anticipated regret, the demands for the non-green product D¢ and the green product D¢

are:

Do = / 1dy — (p + 1)(pG 7pC) —pe (315)

q

uc>0,uc>ug,1>v>0
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D¢ = / 1y = 1 — LF D6 Zpo), (3.16)

q

ug>0,ug>uc,1>v>0

Given pg, pc and ¢, as the consumer’s green product-purchase regret increases or non-green product-purchase
regret decreases (i.e., p increases), the willingness to pay of a consumer who is indifferent between buying the
green product and the non-green product v* increases, eventually demand for green products decreases but
demand for non-green products increases.

Hence, when consumers have anticipated regret, the profits of the manufacturer and the retailer are:

1
II,, = wg - Dg +we - Do — §tq2 (3.17)

I, = (p¢ —we) - D + (pc —we) - De. (3.18)
3.2.2. The equilibrium under anticipated regret

Now, we will analyze the optimal strategies for the retailer and manufacturer in the context where consumers
have anticipated regret.

(1) Stage 2

Lemma 3.5. When consumers have anticipated regret, and the wholesale prices of these two substitute products
and greening level have been set by manufacturer at stage 1. (a) the retailer’s profit function I, is a strictly
jointly concave function with retail prices of the green product and the non-green product at stage 2. (b) the
retailer’s optimal prices of the non-green product p¢,_,, and green product p¢._ ., at stage 2 are:

14+ we

Pe-s2 = (3.19)
. g+ (p+1)+(p+1) wg
—s2 = : 3.20
Proof. From equation (3.18), We obtain the second derivative of pg and pc are %2;} = —2("%:'1) <0, %2;2[” =
G c
2 2 2 2 2 4 . .
2(me —2<0and Bz?cg;c = w. Thus, %prg : %plgcr - (agcggc) = (qu) > 0. Therefore, II, is a strictly

jointly concave function with pg and pe.

As in the benchmark case, when consumers have anticipated regret, the objective function II,. is also a jointly
concave function with pg and pe, and continuously differentiable, thus there is an optimal prices pg and pc.
Let the first derivative of the retailer’s profit with respect to pe and pc be zero, and then, we can obtain pf,_,,
and pg_;, by solving these equations. (I

At stage 2, consumers’ anticipated regret and the green product have no impact on the optimal retail price
of the non-green product. By contrast, when consumers’ aversion to green product-purchase regret increases rg
(i.e., p increases), consumers’ expected utility from the green product decrease. Thus, retailer should lower its
price to convince the customer to buy.

Corollary 3.6. When consumers have anticipated regret, and the wholesale prices of these two substitute prod-
ucts and greening level have been set by the manufacturer at stage 1, the retailer’s optimal profit 11 _ ., showed
an inverted U-shaped relationship with p, and when p = 1, the retailer’s optimal profit reaches its mazximum at
stage 2.

Proof. Form equations (3.18)—(3.20), we have

. (g(we — 1)* +2(wg — we)?) (p + 1)* +2(p + 1)¢* — 2¢*

e 4(p+1)2q
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o711 . . . . o711
And then, 8;552 <0, so II'__, is a concave function with p. Since 8;552 = 5 is less than 0 at critical point

p =1, II*__, has a maximum at this critical point. (Il

Corollary 3.6 states that, given ¢, wg, and we, the impact of anticipated regret on the retailer’s profit is non-
monotonic. When p < 1 (z'.e., rg < 7“(;), that is, consumers are more sensitive to non-green product-purchase
regret, the retailer’s profit increases with p. And the retailer’s optimal profit at stage 2 will reach the maximum
when p = 1 (i.e., r¢ = r¢). This is intuitive, because an increase in aversion to non-green product-purchase
regret or green product-purchase regret will both lead to a higher disutility, and eventually influence the demand.

(2) Stage 1

Having the optimal retail prices of these two substitute products, we can now deduce the manufacturer’s
optimal strategies. Combining equations (3.19), (3.20) into (3.17), the profit of manufacturer is

m, — we _ (p—|— 1)“%; + (P+ 1)wGwC _ (p+ l)w%' _ % _ ltqQ' (321)

2 2q q 2q 2 2
Lemma 3.7. When consumers have anticipated regret, the manufacturer’s profit function 1, is a strictly jointly
concave function with greening level ¢ and wholesale prices of these substitute products, wg, and we.

: sy My . _ptl 9P, . ptl Py, _ ptl 27N,y
Proof. From equation (3.21), we obtain Tt = ¢ el = . L gueans = 55 5P
_(P+1)wa+(P+1)2wGwC (p+Dwg _ 4 O (prl)(wg—we) 9N, _ (P+1)(wc we)
q3 ' OwgOdq q? Y dwecdq q?
Therefore, its Hesse matrix is a symmetric negative definite matrlx therefore I1,, is a strictly jointly concave
function with ¢, wg, and we. O

Proposition 3.8. When consumers have anticipated regret, in equilibrium, the optimal greening level ¢*, whole-
sale prices and retail prices of the substitute products, w, wg, pl and pg are as follows:

1 1 1 1 3 3 3

¢ = - T it s

T 8tpt 1) Ty e Ty Po=

Proof. Let the first derivative of manufacturer’s profit with respect to ¢, wg, and we be zero,

oll,, 1 1 1
L (P + Dwg + (p+Dwe -0 (3.22)
810@ 2 q q
oll,, 1
w4 Duwe -
dwe q q
11, w2 1 w2
9q 2¢° g 2¢?
From (3.22) and (3.23), we obtain w}, = 1, w = 1 + T (3 discarded), and ¢* = m. And then we
can now reformulate the optimal retail prices of the two types of products: py, = %, PG = % + 302 O

Proposition 3.8 gives the optimal pricing and production strategies for the retailer and the manufacturer
under anticipated regret. When consumers have anticipated regret, in equilibrium, the equilibrium wholesale
price and retail price of the non-green product are constant, and 3 , which are not affected by the green product

(1+rc)?

i Tro o and

and consumers’ anticipated regret. For the green product, 1ts optlmal wholesale price is % +

TR e 16+ Taswpr and
I, = + m The manufacturer’s profit is 16 higher that of retailer, and cannot be effect by consumers’
antlclpated regret and the greening level, which is similar to the conclusion in the benchmark model.

Next, we will characterize the way consumers’ anticipated regret affects the retailer’s and manufacturer’s

equilibrium profits elaborately.

retail prlce is 3 1+ The optimal proﬁts of the retailer and manufacturer are Il =
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Corollary 3.9. In equilibrium, the optimal wholesale and retail price, and the greening level of the green product

dwy,
7 Org >O’

increase with non-green product-purchase regret but decrease with green product-purchase regret, i.e.

owg I e aq* aq*
e < 0, e > 0, e < 0, o 0, e < 0.

It shows that when consumers’ aversion to green product-purchase regret (common-purchase regret) decreases
(increases), the greening level increases. The intuition is as follows. When consumers’ aversion to green product-
purchase regret increases, their disutility from the green product increase. Thus, the manufacturer should reduce
the greening level to mitigate the negative impact of green product-purchase regret.

Corollary 3.10. In equilibrium, when 1 < p < 2, i.e., rc < Tq, the retailer’s and manufacturer’s optimal
profits under anticipated regret are smaller than those in the case without anticipated regret; when p =1, i.e.,
ro = rg, their optimal profits are the same as those in the case without anticipated regret; when % < p<l,
i.e., To > rqg, their optimal profits under anticipated regret is higher than those in the case without anticipated
regret; when p = %, i.e., o =1 and rg = 0 their optimal profits reach the mazimum.

Corollary 3.10 shows the retailer and manufacturer can benefit or loss profit from consumers’ two types
of anticipated regret in equilibrium. Comparing with the case without consumers’ anticipated regret, when
consumers’ aversion to green product-purchase regret is higher than that of non-green product-purchase regret,
their optimal profits are smaller. That is, anticipated regret hurts their profits. When consumers have the
same propensities for green product-purchase regret and non-green product-purchase regret, the retailer and
manufacturer have the same optimal profits as in the case without anticipated regret. When consumers’ aversion
to green product-purchase regret is lower than non-green product-purchase, the retailer and manufacturer
can benefit from consumers’ anticipated regret. And if consumers’ non-green product-purchase regret reaches
the maximum, and green product-purchase regret reaches the minimum (that is, consumers will not regret
purchasing green product but certainly regret purchasing non-green product), their optimal profits reach the
maximum. In this situation, the profit from the green product is more than offset the profit loss from the non-
green product. Therefore, the retailer and manufacturer can adopt different approaches to evoke consumers’
non-green product-purchase regret and alleviate their green product-purchase regret to increase their profits.

Corollary 3.11. When consumers have anticipated regret, in equilibrium, the retailer’s and manufacturer’s
optimal profits increase with non-green product-purchase regret but decrease with green product-purchase regret.

Proof. From p = ii:g, the retailer’s and manufacturer’s optimal profits are
1 1 2 1 1 2
m— Ly (1+7re) and I, = £+ (1+rc)

TT16 128624 1o + )2 128t(2 + re + rq)?

Since 881;[’;7 = gl;[g > 0 and 88122” = g{i < 0, their optimal profits increase with the non-green product-purchase
regret but decrease with green product-purchase regret in equilibrium. O

4. NUMERICAL STUDY

In this section, we conduct a numerical study to assess the robustness of the results derived before by
Maplel6. Satisfied the constrain in the model, we set the parameter for the coefficient of fixed cost function of
green product ¢ to be 6. Considering that the non-green product’s production technique is mature and the cost
is constant in the long run, we set the wholesale price of it to be % in all the numerical experiments.

(1) Case 1 without consumers’ anticipated regret.
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FIGURE 1. The effect of greening level and wholesale price of green product on the retailer’s
optimal profit.
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FIGURE 2. The effect of consumers’ anticipated regret on the retailer’s optimal profit.

Figure 1 plots the impact of greening level and wholesale price of the green product on the retailer’s optimal
profit when consumers don’t have anticipated regret. Figure la provides a representative illustration of Corol-
lary 3.2 and shows that the retailer’s optimal profit is a convex function with the greening level ¢ and wholesale
price wg. Figure 1b shows that given wholesale price of the green product, the retailer’s optimal profit has a U-
shaped relationship with greening level. For example, if wg = 0.7, when ¢ < 0.4 (i.e., ¢ < 2wg — 1) the retailer’s
optimal profit decrease with greening level; it reaches its minimum when g = 0.4 (i.e., ¢ = 2wg — 1); and when
q > 0.4 (i.e., ¢ > 2wg — 1), an increase in greening level will increase retailer’s optimal profit. Similarly, given
greening level, the retailer’s optimal profit has a U-shaped relationship with the wholesale price of the green
product (see Fig. 1lc for the case ¢ = 0.3,0.5,0.7 respectively). The results in the second and third graphs are
consistent with Corollary 3.2.

(2) Case 2 with consumers’ anticipated regret.

Figure 2 plots the impact of consumers’ anticipated regret on the retailer’s optimal profit.

Figure 2a shows that given the greening level and wholesale price of the green product (wg = 0.7, ¢ = 0.5), the
retailer’s optimal profit shows an inverted U-shaped relationship with p, and when p = 1, it reaches maximum.
Thus, in practice, when the greening level and wholesale price of the green product have been determined by
manufacturer, the retailer should focus on the difference between the two types of consumers’ anticipated regret
and adopt different approaches to decrease this difference.
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FIGURE 3. The effect of anticipated regret on the retailer’s optimal profit when the greening
level and wholesale price are given.
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FIGURE 4. The effect of anticipated regret on the retailer’s optimal profit in equilibrium.

Since the manufacture’s profit is % higher that of retailer in equilibrium, Figure 2b only illustrates the impact
of p on retailer’s optimal profit. Comparing with Figure 2a, Figure 2b shows that the retailer’s profit decreases
with p in equilibrium.

Figure 3 elaborates how consumers’ green product-purchase regret and non-green product-purchase regret
affect retailer’s optimal profit when the greening level and wholesale price of the green product have been
determined by manufacturer (wg = 0.7, ¢ = 0.5). As illustrated in Figure 3a, when the difference between
product-purchase regret and non-green product-purchase regret is high, no matter which one is bigger, the
retailer’s profit is lower, which is consistent with Corollary 3.6. Furthermore, Figures 3b and 3c indicate that if
consumers’ green (common) product-purchase regret is a constant, retailer’s optimal profit shows an inverted
U-shaped relationship with non-green (green) product-purchase regret, and reaches the maximum at the point
re =Tg-

In equilibrium, since the manufacturer’s optimal profit is bigger than that of the retailer 1—16, they have the
same relationship with green product-purchase regret and non-green product-purchase regret. Thus, we will
only elaborate how consumers’ anticipated regret affects retailer’s optimal profit too. Comparing to the case
where the greening level and wholesale price of the green product have been determined by manufacturer as
illustrated in Figure 3, Figure 4 shows that two types of regret have different effect on retailer’s optimal profit
in equilibrium. Figures 4a—4c indicate that retailer’s optimal profit increases with non-green product-purchase
regret but decreases with green product-purchase regret. The intuition is that the unit profit of the green



GREENING LEVEL AND PRICING DECISIONS OF THE GREEN PRODUCT SUPPLY CHAIN 3307

1

. 1
product is 7 +

32t(ﬁ—:g+1)2’
green product-purchase regret rg decreases or non-green product-purchase regret r¢ increases, the demand for
green products increases, and eventually the profit increases.

and it is bigger than that of the non-green product i in equilibrium. So, when

5. CONCLUSION

A large number of environmental conscious consumers presents opportunities for the popularization of green
products. While lots literature has been addressing issues within this broad subject, few studies have explored
consumers’ anticipated regret in the green product market. As there are always substitute non-green products
for green products in the market and post purchase regret is ubiquity, this paper shed light on how consumers’
anticipated regret affects manufacturer’s and retailer’s optimal strategies by a game theoretic model. In the
model, the manufacturer sets the greening level and the wholesale prices of the two substitute products, the
retailer sets their retail prices, and then customers with anticipated regret decide which kind of product to
buy. And there are two types of regret: green product-purchase regret and non-green product-purchase regret.
Our analysis shows that consumers’ anticipated regret has important implications on the manufacturer’s and
retailer’s optimal pricing and production decisions.

First, the greening level increases with non-green product-purchase regret but decreases with green product-
purchase regret in equilibrium. That is, the lower green product-purchase regret and the higher non-green
product-purchase regret can foster the greening level of green product. Our analysis shows that, in equilibrium,
when consumers’ green product-purchase regret increases, consumers’ disutility from green products increase,
the manufacturer should reduce the greening level to help him mitigate the negative impact of green product-
purchaser regret. By contrast, when consumers have low green product-purchase regret and high non-green
product-purchase regret, the firm can improve the greening level to better extract the surplus from consumers
who prefer green products.

Second, consumers’ two types of regret have different effects on the optimal prices of the non-green product
and green product in equilibrium. For non-green product, its equilibrium wholesale price and retail price are
constant, which are not affect by green product and consumers’ anticipated regret. For green product, its
equilibrium wholesale and retail prices increase with non-green product-purchase regret but decrease with green
product-purchase regret.

Third, comparing with the case without consumers’ anticipated regret, we find that retailer and manufacturer
can benefit or loss from consumers’ anticipated regret in equilibrium. When green product-purchase regret is
higher than non-green product-purchase regret, their optimal profits are smaller than the case without regret.
That is, they lose profit from consumers’ anticipated regret; when green product-purchase regret is lower than
non-green product-purchase regret, retailer and manufacturer benefit from consumers’ anticipated regret. Fur-
thermore, in equilibrium, the green product-purchase regret can lower their optimal profits while the non-green
product-purchase regret can benefit them. And interestingly, the manufacturer’s profit is higher than retailer’s
in equilibrium in both cases with or without consumers’ anticipated regret.

Finally, our results offer a theoretical basis for manufacturer’s and retailer’s pricing and production strategies
and the regret management practices. Consumers’ anticipated regret can play a very important role in improve-
ment and market expansion of the green product. The manufacturer and retailer should create crafted and
targeted advertising messages to introduce the green attribute to evoke consumers’ non-green product-purchase
regret and alleviate their green product-purchase regret to stimulate consumers’ green consumption. On the
other hand, they should increase consumers’ environmental awareness to increase the valuation of the green
product.

In this paper, we construct a game theoretic model to investigate the impact of consumers’ anticipated
regret on a manufacturer’s and retailer’s greening level and pricing decisions. In particular, we assumed that
consumers’ valuations for green products are deterministic. While it is reasonable in the short run, consumers
can learn more about the greening level and their valuations will change over time in practice. Therefore, future
research can explicitly model dynamic interactions between the consumers and manufacturer and retailer over
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multiple periods in a dynamic setting where consumers’ learning can influence their valuations, and will acquire
a different insight about anticipated regret. Besides, block-chain has potential to significantly transform the
information asymmetry between consumers and manufacturer to eliminate the consumers’ uncertain valuations.
Thus, the other one direction for further research is to add block chain to the green product supply chain and
investigate the effect of its presence.
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