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a b s t r a c t 

B2C platforms are increasingly implementing trade-in programs to boost sales. Most of these platforms 

have adopted dual-format retailing model including both self-run stores and third-party stores. Under 

trade-in program framework, B2C platforms will determine the optimal trade-in rebate, and whether to 

offer the rebate to consumers with gift card (GC) or cash coupon (CC). GC can only be used in self-run 

stores, while CC can be used in both stores. To entice more consumers to trade-in products, platforms 

may launch trade-in efforts in the market. To address such decision-making challenges, we consider a 

B2C platform who owns a self-run store and hosts a third-party store, and examine the optimal trade- 

in strategy for the platform by developing four theoretical models. We first present two models without 

considering trade-in effort s, i.e., one model regarding GC payment, and one model regarding CC payment, 

and then extend them by taking trade-in efforts into consideration. Some interesting findings and insights 

are achieved. In particular, we find that both GC and CC do not always benefit the platform. Interestingly, 

offering high quality and low selling price for products in both the self-run store and the third-party 

store are also not always beneficial to the platform. So is the competition between both stores. Launching 

trade-in efforts may lead to a lower trade-in rebate but a higher profit for the platform. A counterintuitive 

finding is obtained that a higher gift card redemption rate is not beneficial to the platform, and vice versa. 

© 2018 Elsevier Ltd. All rights reserved. 
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. Introduction 

Consumers are increasingly purchasing on online retailing plat-

orms, e.g., Amazon.com and JD.com. To retain consumers and ex-

and market share, many platforms adopt trade-in programs to en-

ice the existing consumers to make repeat purchases, and further

ttract potential new comers to buy products. Typical trade-in pro-

ram as a service in a business-to-consumer (B2C) platform op-

rates as follows. Consumers firstly turn in used products to the

latform. When receiving used products, the platform will check

he products and offer consumers special discounts, which can

e used in their future purchases. This discount is referred to as

rade-in rebate [1] . Finally, consumers can use trade-in rebates to

uy any desirable products on the platform. Trade-in programs

re widely observed on B2C platforms such as Amazon.com, Best-

uy.com, JD.com, Suning.com and Gome.com.cn. 
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Traditional trade-in programs are extensively used in durable

roduct markets, e.g., automobile, household appliances, electron-

cs and technology industries [1–3] . In traditional trade-in pro-

rams, trade-in rebates are commonly redeemed toward repeat

urchases of successive-generation products of used products. Con-

equently, trade-in can serve as an effective new product sales

echanism [2] . For instance, sales percent of new car through

rade-in is approximately 57% in automobile industry [4] . However,

n B2C transactions, trade-in is regarded as an important strategic

everage of B2C platforms to entice the existing consumers to make

urther purchases for any desired products to increase profitability.

urthermore, trade-in program can accept any specified used prod-

cts regardless of whether bought from the platforms. In this re-

ard, this program can effectively attract new consumers to make

eals on platforms. Motivated by these evidences, the primary goal

f this paper is to examine the optimal trade-in strategy of B2C

latforms. 

In recent years, many B2C platforms are increasingly adopt-

ng “dual-format” retailing model to sell products. In such a re-

ailing model, in addition to self-run stores, third-party stores are

lso hosted. An increasing prevalence of third-party stores are

idely observed in e-commerce platforms [5] , e.g., Amazon.com,
usiness-to-consumer platform with dual-format retailing model, 
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Walmart Marketplace, JD.com, Suning.com and Gome.com.cn, and

these stores have largely facilitated e-commerce growth [6] . A re-

cent report shows that third-party transactions in Amazon.com ac-

count for roughly 40% of its total sales [7] . JD.com also reports that

there are approximately 99,0 0 0 third-party sellers on its market-

place as of December 31, 2015 [8] . 

On dual-format retailing B2C platforms, trade-in rebates are

usually offered to consumers with gift card (GC) or cash coupon

(CC). Some platforms like Amazon.com and JD.com, offer trade-in

rebates with GC, while others (e.g., Suning.com and Gome.com.cn)

use CC. For example, Gome.com.cn use “red coupon” to pay the

rebates. Both GC and CC contain a value of trade-in rebate that

can be redeemed toward future product purchases. Notably, GC is

usually used to buy products from self-run stores, while CC is ap-

plicable to both self-run and third-party stores. Intuitively, CC may

offer consumers more choices for shopping than GC. However, it

may lead to the competition between self-run stores and third-

party stores. Hence, these B2C platforms may face an important

challenge: which payment (GC or CC) is better for offering trade-in

rebates to consumers? 

Trade-in rebate generally specifies the conditions under which

B2C platforms can accept trade-in products for some rebates. In

general, trade-in products can serve as a significant source of

revenue for B2C platforms. When receiving traded-in products,

platforms transfer these products to manufacturers. Manufactur-

ers may generate some revenue (or equivalently cost saving) either

by totally remanufacturing these products and selling them as new

through platforms, or by reusing some components, or even by re-

cycling the material [1] . These revenue can be seen as actual resid-

ual values of used products. Accordingly, if the rebate is too large,

i.e., especially larger than actual residual value, platforms may in-

cur some losses from trade-in programs. In contrast, if the rebate

is too small, consumers would not participate in trade-in programs.

Hence, how to determine a suitable trade-in rebate is an important

decision-making issue for B2C platforms. 

As platforms can obtain profits from both disposing used prod-

ucts and selling new products, platforms may exert sales effort s

with respect to trade-in program to entice more replacement con-

sumers to conduct trade-in transactions. Many platforms such

as Amazon.com, JD.com, Gome.com.cn and Suning.com offer free

shipping or door-to-door recovery services to replacement con-

sumers who are willing to participate in trade-in activities. In par-

ticular, Suning.com provides each consumer who trade-in a used

phone a chance to obtain a “red envelope” that contains certain

monetary value as a gift in the summer of 2017 [9] . Notably, these

sales effort s are typically launched by platforms, and for ease of

notations, we use “trade-in effort” to represent this sales effort in

this study. Note that, trade-in effort may directly affect consumer

behaviors, and thus the optimal decisions on trade-in rebate and

strategies. Hence, how to determine their trade-in effort levels is

also an important issue for B2C platforms. 

The aforementioned evidences and findings raise the following

questions: (1) How do platforms determine whether to pay trade-

in rebates with GC or CC? (2) How to determine the optimal trade-

in rebates? (3) How do platforms determine their optimal trade-in

effort levels? 

Despite the importance of trade-in strategy including payment

mode and rebate value to B2C platforms, the prior studies have

not well documented the above described issues. The primary goal

of this paper is to fill this gap. To this end, we consider a B2C

platform with a self-run store and a third-party store, and focus

on replacement (or trade-in) consumers who own used durable

products. We then develop four theoretical models, i.e., two mod-

els without considering trade-in effort s under GC and CC payment

modes, respectively, and two models considering trade-in effort s

under GC and CC payment modes, respectively. To investigate the
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b
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ptimal trade-in strategy, i.e., trade-in payment and rebate, we first

xamine the optimal trade-in strategy by comparing the platform’s

ptimal decisions and profits obtained from models under GC and

C payment modes without trade-in effort s. To identify the impact

f trade-in effort s on the platform’s optimal trade-in strategy, we

hen compare the platform’s optimal decisions and profits obtained

rom the two models under GC and CC with trade-in effort s. Since

ift cards may not be fully redeemed in practice, further extension

y considering the impacts of the redemption rate of gift card on

he platform’s optimal decisions and profits is presented. Some im-

ortant findings and management insights are obtained. 

The remainder of this paper is organized as follows.

ection 2 reviews the most relevant literature. In Section 3 ,

e present our theoretical models. The results are also provided

n this section. In Section 4 , the optimal trade-in strategies and

rade-in effort levels are analytically examined, and the optimal

rofits of the platform are also investigated. Section 5 provides

oncluding remarks. All the proofs are offered in Appendix A . 

. Literature review 

Our work lies at the intersection of trade-in rebate, platform-

ased online retailing and sales effort s. We review the most rele-

ant studies in this section. 

.1. Trade-in rebate 

An increasing number of studies have explored economic moti-

ations for firms to offer trade-in rebates. Klemperer [10] shows

hat consumers incur switching costs for changing firms, if the

riginal firm from which consumers bought products offers trade-

n services. Van Ackere and Reyniers [11] indicate that the primary

oal of trade-in rebate is to increase purchase frequency. Zhu et al.

4] reveal that trade-in consumers exhibit higher willingness-to-

ay for new products than consumers who just buy new products

lone, and find that trade-ins can effectively increase sales per-

ent of new car in automobile industry. Rao et al. [12] theoretically

nd empirically examine the motivation of implementing trade-ins,

nd find that trade-ins can effectively increase firm profits. Fur-

hermore, Li and Xu [13] show that, for a product with technology

nnovations, trade-in can protect firms against the risk caused by

ncertain innovation process. 

Another stream of research focuses on examining the optimal

rade-in rebates and product prices for firms, e.g., Van Ackere and

eyniers [11] and Fudenberg and Tirole [14] . These studies ex-

lore the optimal product prices and trade-in rebates under a two-

eriod framework. In the first period, pricing decisions are made

y segmenting consumers into potential replacement consumers

nd first-time buyers for new generation products. In the second

eriod, firms determine the optimal trade-in rebates for upgrades

oward repeat purchases, or discounts of selling old models. Fol-

owing this framework, Yin and Tang [15] study the optimal cus-

omer purchasing decision under trade-in programs with up-front

ees, and find that a firm is always better off offering trade-ins. By

onsidering forward looking consumers, Yin et al. [16] show that

hese consumers are willingness to pay higher prices than their

roduct valuations. Chen [17] further shows that strategic con-

umer choice among three options (i.e., no trade-ins, trade-ins to

eplacement consumers with high quality used goods, and trade-

ns to all replacement consumers) depends critically on the fea-

ures and prices of new goods. Zhu et al. [18] apply a two-period

odel to examine the competition between two firms, and derive

he equilibrium decisions of the two firms. Unlike these studies

hat model consumer expectations in dynamic settings, Ray et al.

1] assume that the technology related to a durable product is rel-

tively stable and examine firm decisions at the time of offering
usiness-to-consumer platform with dual-format retailing model, 
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rade-in. They find that whether trade-in rebate increases or de-

reases with durability relies on whether a firm is dealing with a

ow-durability or an inherently highly durable product. 

Notably, replacement consumers through turning in used prod-

cts can obtain trade-in rebates, which can be seen as price dis-

rimination for further purchases. Agrawal et al. [3] examine the

mpact of trade-in rebate on price discrimination, and find that

 firm can conduct perfect price discrimination through a trade-

n rebate. To achieve a better price discrimination, Chen and Hsu

19] explore when and how a firm offers a trade-in rebate, and

nd that the rebate magnitude increases with deterioration rate

nd decreases with customer willingness for trade-ins. Kwon et al.

20] empirically investigate the informational role of trade-ins for

ricing durable goods by using the transaction data from Power

nformation Network (PIN). Their results show that the dealer

harges a higher price to consumers who have traded-in vehicles

han those who have not. Chen [17] also examines the effect of

rice discrimination on the choice of trade-in policies. 

Obviously, the aforementioned studies have well documented

he issues of trade-in motivations, rebate decision and price dis-

rimination for traditional manufacturers. Trade-in rebates are of-

ered by firms to consumers who have owned products bought

rom them. Unlike these studies, we focus on exploring the optimal

rade-in strategy for B2C platforms. Trade-in rebates of a platform

an offer to consumers who have specific old products regardless

f whether bought from the platforms. Note that, offered rebates

an be used by consumers to buy their desired products no matter

hether within or out of the scope of categories regarding used

roducts. 

.2. Platform-based online retailing model and sales efforts 

Recently, platform-based online retailing model has drawn ex-

ensive concerns in the literature. Jiang et al. [21] investigate how

 platform owner such as Amazon learns about the demand for the

mid-tail” products sold by third-party sellers, and then cherry-

icks the successful products to stock and sell it by itself. Ryan

t al. [22] examine the conditions under which the retailer sells

roducts on its own website or as a third-party seller sells prod-

cts on another marketplace. Mantin et al. [6] explore the strategic

ole of third-party marketplaces in online retailing, and find that

hird-party marketplaces benefit retailers and hurt manufacturers.

agiu and Wright [23] attempt to determine whether an inter-

ediary functions as a marketplace, a reseller or a hybrid. They

nd that which choice is preferred depends on whether the in-

ermediary and suppliers have more important information rele-

ant to the optimal tailoring of marketing activities for each spe-

ific product. Similarly, Abhishek et al. [24] attempt to identify un-

er what conditions agency selling or reselling is better for on-

ine retailers. They find that online retailers prefer agency selling

hen electronic channel has a negative effect on the demand of

raditional channel, while prefer reselling when electronic chan-

el has a significant positive effect on the demand of traditional

hannel. 

Note that, the aforementioned studies mainly focus on exam-

ning retailing models of online platforms or retailers. Following

hese studies, we attempt to examine the optimal trade-in strategy

or B2C platforms, which has not been addressed in the literature.

ne relevant study is Li et al. [2] . They empirically investigate the

mpact of accurate prediction of return flow on trade-in effect and

fficiency by using a real dataset of a high-tech company, and find

hat this prediction is important for firms to offer suitable trade-in

ebates. Notably, their work is conducted for business-to-business

ransactions, and the optimal decision on trade-in rebate is not ex-

mined. 
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b

Omega (2018), https://doi.org/10.1016/j.omega.2018.01.004 
Our study is evidently related to sales effort s in platf orm-based

ransactions. Sales effort s have been demonstrated to be important

n enhancing competitiveness for firms [25–27] . Interestingly, Xing

nd Liu [28] show that an online retailer may take free riding of

 brick-and-mortar retailer’s sales efforts, and present some con-

racts with price match including selective compensation rebate,

arget rebate and wholesale price discount to coordinate the brick-

nd-mortar retailer’s sales efforts. In online settings, platforms and

hird-party sellers may also launch sales effort s. Jiang et al. [21] in-

icate that third-party sellers may hide their demands by strate-

ically lowing service levels, while the platform can invest in con-

umer reviews to learn about third-party seller demands. They find

hat identifying the real demands of third-party sellers is not nec-

ssarily beneficial to the platform. Cao and He [29] examine the in-

eraction of sales effort s between a B2C platform and a third-party

eller, and show that the platform may take a free riding from the

hird-party seller’s sales effort s. These studies have addressed the

nteractions between sellers, or between platforms and third-party

ellers. None has examined the impact of sales effort s on trade-in

ebate decision in B2C settings. 

This paper attempts to identify the optimal trade-in strategy for

2C platforms with dual-format retailing model. To the best of our

nowledge, this is the first study to address this issue in the con-

ext of online retailing. It is also the first paper to specifically ex-

mine the impact of sales effort s on trade-in rebate decision. Some

ew managerial insights are obtained. 

. Theoretical models 

Consider a B2C platform who owns a self-run store and hosts

 third-party store. Each store sells a new product online to the

ame group of consumers. These two products are imperfect sub-

titute, and for simplicity, are denoted as product p and product t

or those sold by self-run store and third-party store, respectively.

e focus on consumers who have the same category of used (old)

urable products with the same residual values. We further as-

ume that each consumer has one old product. Consumers are en-

iced to participate in the trade-in program. Consumers who par-

icipate in the program are referred to as trade-in or replacement

onsumers, each of whom will buy at most one unit of new prod-

ct online. 

Trade-in sequence on the platform is summarized as two

tages. In the first stage, replacement consumers turn in used

roducts to the platform. When receiving used products, the plat-

orm offers certain trade-in rebates by using GC or CC to con-

umers after assessing used product residual values. Replacement

onsumers then decide whether to accept the rebates. In the sec-

nd stage, GC or CC can be redeemed toward new product pur-

hases. Notably, GC is only applicable in the self-run store, while

C can be used in both stores. Accordingly, the platform makes two

mportant decisions, i.e., trade-in rebate payment mode (i.e., GC or

C) and associated rebate value. To examine the optimal trade-in

trategy, we assume that both the platform and third-party seller

re rational and self-interested. Since the self-run store is owned

y the platform, we will refer to it as the platform in the following

art. The notations used in this paper are summarized in Table 1 . 

In our models, p r and e are decision variables, while other pa-

ameters are exogenous. When receiving old products, the platform

rstly assesses their actual residual values ( v ) and offers trade-in

ebates ( p r ) to consumers. Obviously, both the platform and con-

umers may incur some costs through trade-in flow. These costs

re generally rather small, and can be omitted. From another per-

pective, incurred cost of the platform may have been considered

hen determining actual residual values of used products. Notably,

ctual residual values of used products can serve as a revenue

ource for the platform. 
usiness-to-consumer platform with dual-format retailing model, 

https://doi.org/10.1016/j.omega.2018.01.004
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Table 1 

Summary of notations. 

Notation Interpretation 

p r Trade-in rebate (e.g., $) 

M j Potential market size regarding GC payment ( j = g) or CC 

payment ( j = c) 

φ Consumer valuation of used product (e.g., $) 

θ Durability parameter of used product ( θ < 1) 

x i Product quality of the platform ( i = p) or third-party seller 

( i = t) 

τ Competition parameter 

v Per unit used product actual residual value (e.g., $) 

p i Product price of the platform ( i = p) or third-party seller 

( i = t) (e.g., $) 

c i Unit product cost of the platform ( i = p) or third-party 

seller ( i = t) (e.g., $) 

f Referral fee percentage 

e Trade-in effort level 

β Trade-in effort sensitivity coefficient 

m Marginal cost of trade-in effort level 

D j Demand associated with trade-in program ( j = g or c ) ∏ 

i Profit of the platform or the third-party seller ( i = p or t ) 
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p  
Notably, in traditional trade-in program, trade-in rebate is com-

monly regarded as a price discrimination for product exchange

[3,17] . In such a case, trade-in activity can be seen as a product

exchange process, in which retailers may first provide the price

discounts according to consumers’ used products, and then con-

sumers will decide whether to accept the discounts for further

purchases. Accordingly, consumers may consider total utilities of

both trading-in used products and buying the same type of new

products as their used products. Unlike the traditional trade-in

program, as mentioned earlier, trade-in transactions on B2C plat-

forms can be separated into two stages. In the first stage, con-

sumers will decide whether to accept the offered trade-in rebates

according to their valuation of used products. If consumers obtain

a negative utility from trade-in service in the first stage, they will

not conduct the deal of trade-in used products. If consumers ac-

cept the trade-in rebates, they will then decide whether to buy

their desired new products online according to the utilities from

purchasing new products by considering product quality and prices

in the second stage. If consumers can obtain positive utilities de-

rived from new product purchases, they will buy the products;

otherwise, they will not buy the products. Note that, these new

products may not be the same categories as consumers’ used prod-

ucts. According to these typical considerations, we find that con-

sumer decisions on trade-in used products and new product pur-

chases are independent and separated. As a consequence, con-

sumers will consider their utilities in each stage to decide whether

to accept the rebates and purchase new products. 

In practice, consumers may be heterogeneous with respect

to residual values of used products. Similar to Van Ackere and

Reyniers [11] , Rao et al. [12] and Miao et al. [30] , used product val-

uation is represented by θφ. Note that, φ is consumer initial valu-

ation of their used products, and is uniformly distributed over [0,

1]. Thus, consumer utility function regarding trade-in in the first

stage is defined as 

u 1 = p r − θφ. (1)

This utility function indicates that consumer utility increases

in trade-in rebate while decreases in consumer valuation of used

product residual value. When u ≥ 0, consumers may conduct trade-

ins; otherwise, consumers may not. It is easy to derive trade-in de-

mand function, i.e., 

D j = M j p r /θ ( j = g or c ) (2)

In the second stage, consumers may decide whether to buy

new products online. As trade-in rebates can be redeemed to buy
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b

Omega (2018), https://doi.org/10.1016/j.omega.2018.01.004 
ny desired new products on the platforms regardless of whether

hese new products are the same types as their used products.

n general, consumers can always find their desired products on

he platforms. If not, they can wait to buy their favorite products

n the near future. In this regard, we assume that each trade-in

onsumer will buy a new product online, and thus product de-

and is equal to the trade-in demand. Since GC is only applicable

n the self-run store, product demand under GC is D g = M g p r /θ .

C can be used in both stores, product demand in this case is

 c = D cp + D ct = M c p r /θ , where D cp and D ct represent product de-

ands of the self-run store and third-party store, respectively. As

C may attract more consumers who prefer the third-party store

o participate in trade-in program, without loss of generality, we

ssume that M c ≥ M g . 

Notably, consumers may carefully consider new product valua-

ion including product quality or service levels, product prices and

lso their preferences for self-run stores and third-party stores. For

ase of expositions, we use product quality to represent product

aluation for each store, i.e., x i ( i = p and t ) denotes quality level

f the products sold by self-run store and third-party store, re-

pectively. Similar to Kourandi et al. [31] , we further assume that

onsumers are allowed to be heterogeneous with respect to their

atural preferences for self-run stores and third-party stores. This

reference can be regarded as a typical psychological distance from

he self-run store and third-party store, which generally relies on

heir preference degrees regarding both stores. Following Hotelling

32] and Wu [33] , we consider that consumer preference degree

o the self-run store is denoted by α, and is distributed uniformly

n a Hotelling line [0, 1]. Thus, we assume that self-run store is

ocated to the left at 0, while third-party store is located to the

ight at 1. Then, the preferences to the self-run store and third-

arty store are α and 1 − α, respectively. Following Hotelling [32] ,

or consumers with a preference degree α to the self-run store on

he Hotelling line, their utility functions for the two stores’ prod-

cts are defined as 

 2 p = x p − p p − τα, 

u 2 t = x t − p t − τ (1 − α) . (3)

Note that, u 2 p and u 2 t denote the utilities derived from buy-

ng new products from the self-run store and third-party store,

espectively; τα and τ (1 − α) refer to the disutility with a visit

f the self-run store and third-party store, respectively, where τ
efers to the degree of competition between both stores [31] . Con-

umers may choose a store’s product where they can get a higher

tility. Thus, following Hotelling [32] , the marginal consumer in-

ifference between these two stores can be easily obtained. To this

nd, we set u 2 p ( ̄α) = u 2 t ( ̄α) , where ᾱ is the indifference point be-

ween purchasing product p and product t . It is easy to get the

ndifference point, i.e., ᾱ = 1 / 2 + ( x p − x t − p p + p t ) / (2 τ ) . If trade-

n consumers with a preference degree α less than the threshold

¯ will purchase new products from the self-run store; otherwise,

hey buy new products from the third-party store. 

Hence, product demands of both stores are expressed as 

 cp = ᾱM c p r /θ, 

D ct = (1 − ᾱ) M c p r /θ . (4)

To identify the optimal trade-in strategy for B2C platforms, we

resent our theoretical models under both payment modes (i.e., GC

nd CC) without considering trade-in effort s in what follows, and

hen extend them with incorporating trade-in effort s. 

.1. Base models 

In this sub-section, we present two models under GC and CC

ayment modes without considering trade-in effort s, i.e., model
usiness-to-consumer platform with dual-format retailing model, 
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Table 2 

The optimal solutions and the optimal platform’s profits. 

Model The platform’s optimal decisions and profits 

GCB p GCB ∗
r = ( p p − c p + v ) / 2 , 

∏ GCB ∗
p = M g ( p p − c p + v ) 2 / (4 θ ) . 

CCB p C C B ∗r = [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] / 2 , ∏ C C B ∗
p = M c [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] 2 / (4 θ ) . 

GCE p GCE∗
r = ( p p − c p + v )(mθ − M g β2 ) / (2 mθ − M g β2 ) , 

e GCE∗ = ( p p − c p + v ) M g β/ (2 mθ − M g β2 ) , ∏ GCE∗
p = m M g ( p p − c p + v ) 2 / (4 mθ − 2 M g β2 ) . 

CCE p C C E∗
r = [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ](mθ − M c β2 ) / (2 mθ − M c β2 ) , 

e C C E∗ = [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] M c β/ (2 mθ − M c β2 ) , ∏ C C E∗
p = m M c [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] 2 / (4 mθ − 2 M c β2 ) . 

GCBR p GCBR ∗
r = ( p p − c p + v ) / (2 γ ) , 

∏ GCBR ∗
p = M g ( p p − c p + v ) 2 / (4 θγ ) . 

GCER p GCER ∗
r = ( p p − c p + v )(mθ − M g γ β2 ) / [ γ (2 mθ − M g γβ2 )] , 

e GCER ∗ = M g β( p p − c p + v ) / (2 mθ − M g γ β2 ) , ∏ GCER ∗
p = m M g ( p p − c p + v ) 2 / [2 γ (2 mθ − M g γβ2 )] . 
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CB (base model under GC payment mode) and model CCB (base

odel under CC payment). 

.1.1. Model GCB: base model under GC payment 

As GC is only redeemed toward buying products from the self-

un store, all potential trade-in consumers may make deals in

he self-run store. The platform’s total profit is sourced from two

treams: one is obtained from trade-in used products (i.e., ac-

ual residual values minus trade-in rebates), and the other is sales

rofit gained from new product sales in the self-run store. The

latform’s profit is expressed as 

CB 
 

p 

( p r ) = D g (v − p r ) + D g ( p p − c p ) . (5)

Note that, D g (v − p r ) is the platform’s profit derived from trade-

n transactions, and D g ( p p − c p ) is the profit gained from new

roduct sales in the self-run store. The platform aims to determine

he optimal trade-in rebate to maximize its profit. It is easy to ob-

ain the optimal rebate and profit of the platform. The results are

eported in Table 2 . 

.1.2. Model CCB: base model under CC payment 

Under this model, potential trade-in consumers may buy prod-

cts from the self-run store or the third-party store. Similar to

odel GCB, the platform’s total profit is gained from both trade-in

ervice and sales profit. Notably, sales profit depends on two parts:

rofit obtained from new product sales in the self-run store and

ransaction fee charged from the third-party store’s sales. Thus, the

hird-party store’s profit is formulated as 

 C B 
 

t 

= D ct [(1 − f ) p t − c t ] . (6)

Obviously, the third-party store’s profit completely depends on

roduct sales. In Eq. (6) , f is a referral fee percentage (i.e., a fraction

f the selling price) charged by the platform for per unit product

ales from the third-party store. To prevent the third-party seller

rom exiting from the platform, it is practical to assume that f < 1. 

The platform’s profit is formulated as 

 C B 
 

p 

( p r ) = D c (v − p r ) + D cp ( p p − c p ) + f D ct p t . (7)

Note that, D c (v − p r ) is the profit generated from traded-in

roducts; D cp ( p p − c p ) and fD ct p t are the self-run store sales profit

nd transaction fee charged from the third-party store, respec-

ively. We can easily obtain the optimal trade-in rebate and the

latform’s optimal profit. The results are reported in Table 2 . 
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b
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.2. Extended models 

In this sub-section, we extend the two base models by incorpo-

ating trade-in efforts. To capture more market share, the platform

ay launch sales efforts with respect to trade-in program to entice

ore replacement consumers to conduct such transactions. As sug-

est by Dumrongsiri et al. [34] and Zhang et al. [35] , sales effort s

an improve consumer utility. Hence, consumer utility function re-

arding trade in used products in the first stage can be extended

s 

 

E 
1 = p r + βe − θφ. (8) 

According to this utility function, it is easy to derive trade-in

emand functions, i.e., 

 

E 
j = M j ( p r + βe ) /θ ( j = g or c ) (9)

Similar to the base case without trade-in effort s, product de-

and function under GC in such extended case is D 

E 
g = M g ( p r +

e ) /θ , and product demand functions under CC for the self-run

tore and third-party store are D 

E 
cp = ᾱM c (p r + βe ) /θ and D 

E 
ct =

(1 − ᾱ) M c (p r + βe ) /θ , respectively. We also assume that M c ≥ M g 

n the extended case. 

Any effort will generally incur certain cost. Following Jiang et al.

21] and Cao and He [29] , we assume that trade-in effort cost takes

 quadratic form and depends on trade-in effort level. Similar as-

umptions can be found in the literature, e.g., Lau et al. [36] and

aya [37] . Therefore, trade-in effort cost of the platform is ex-

ressed as me 2 /2. Similar to Lau et al. [36] , to avoid degenerated

nfinite effort situations, we assume that m > M c β2 / θ . 

We then present the two extended models by considering the

latform trade-in efforts. Under GC payment mode, by considering

rade-in effort s, the corresponding model (model GCE: Extended

odel under GC payment model) regarding the platform’s profit is

xpressed as 

CE 
 

p 

( p r , e ) = D 

E 
g (v − p r ) + D 

E 
g ( p p − c p ) − m e 2 / 2 . (10)

In such a case, the platform aims to maximize its profit by de-

ermining the optimal trade-in rebate and trade-in effort s. The re-

ults are also shown in Table 2 . 

With regard to CC payment mode, the extended model, i.e.,

odel CCE (Extended model under CC payment) can be formulated

s the following two equations. The first one is the profit model

egarding the third-party store, i.e., 

 C E 
 

t 

= D 

E 
ct [(1 − f ) p t − c t ] , (11)

nd the second one regarding the platform’s profit is expressed as

 C E 
 

p 

( p r , e ) = D 

E 
c (v − p r ) + D 

E 
cp ( p p − c p ) + D 

E 
ct f p t − m e 2 / 2 . (12)

It is easy to obtain the optimal decisions and the platform’s

rofit in this case, and the results are reported in Table 2 . 

. Analysis 

We in this section consider two scenarios: basic scenario and

xtended scenario. In the basic scenario, we examine the optimal

rade-in strategy by comparing the platform’s optimal profits and

rade-in rebates under models GCB and CCB. In the extended sce-

ario, we attempt to explore the impact of trade-in effort s on the

latform’s decisions and profits under models GCE and CCE. We

urther extend the models under GC payment mode to consider

he redemption rate regarding gift cards and examine the impact

f the rate on the platform’s optimal decisions and profits. 
usiness-to-consumer platform with dual-format retailing model, 

https://doi.org/10.1016/j.omega.2018.01.004
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Fig. 1. The platform’s profits regarding f and M c . 
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4.1. Basic scenario 

The platform may offer trade-in rebates with GC or CC. Which

payment is better for the platform? The following theorem an-

swers this question. 

Theorem 1. When f p t < p p − c p and M c / M g < λB , GC outperforms

CC, where λB = A 

2 / B 2 , A = p p − c p + v and B = ᾱ( p p − c p ) + (1 −
ᾱ) f p t + v ; otherwise, CC outperforms GC. 

Theorem 1 shows that GC is a better choice than CC for the

platform, when fp t is less than unit product sales profit of the self-

run store, and the ratio M c / M g is less than a particular thresh-

old λB . Otherwise, the platform is better off choosing CC to offer

trade-in rebates. We illustrate Theorem 1 as follows. The condition

f p t < p p − c p means that the platform will gain more unit prod-

uct sales profit through selling products in the self-run store than

charged fee from the third-party store. In this case, if M c / M g < λB ,

which indicates that M c is not sufficiently large relative to M g , CC

cannot attract sufficiently large number of consumers to conduct

trade-ins. In such a circumstance, when CC is chosen, CC cannot

lead to sufficient increase in the product demand of the third-party

store, and therefore the profit increment sourced from charged fee.

CC cannot effectively increase the platform’s profit to cover pos-

sible incurred relative profit loss (i.e., p p − c p − f p t ) for the plat-

form. Hence, the platform may have less incentive to offer trade-in

rebates with CC, and GC is a better choice. However, when M c is

sufficiently large, i.e., M c / M g ≥ λB , CC has high potential to expand

the trade-in demand. In this circumstance, CC can effectively in-

crease product demand, and thus the platform’s profitability. Such

an increase may counteract the relative revenue loss. Accordingly,

even when f p t < p p − c p , if M c is sufficiently large, it is better

for the platform to pay trade-in rebates with CC than GC. How-

ever, when f p t ≥ p p − c p , the platform can obtain more profit from

product sales in the third-party store than the self-run store. As

such, the platform may have more incentive to offer trade-in re-

bate payment with CC than GC, regardless of whether M c / M g ≥ λB 

holds. 

Notably, in common sense, when the platform obtains more

profit from product sales in the third-party store than the self-

run store, he will close the self-run store. However, this case may

not always be true in practice. According to seller central of Ama-

zon.com, referral fee percentages for different products sold by

third-party stores are 6%, 8%, 12%, 15%, 16%, 20% and 45%, respec-

tively, where 15% is the referral fee percentage for most product

categories [38] . It can be further derived from 2016 Annual Re-

port of Amazon.com that, its operating margin in 2016 is equal to

2.985% [39] . As such, it can be inferred that, Amazon.com may ob-

tain more unit product sales profit from the third-party stores than

the self-run store on average. In practice, B2C platforms may also

consider the scale issue when deciding whether to close self-run

stores or not. On the one hand, although the unit product sales

profit of the self-run store is lower than that of the third-party

store, if its sales scale is sufficiently large, the platform may still

obtain relatively large profit from the self-run store. On the other

hand, two different stores on the platform can attract more con-

sumers to enter into the platform than only one third-party store.

This may lead to more product sales, and thus more profitability

for the platform. 

To better illustrate Theorem 1 , we apply a numerical exam-

ple by setting x p = 0 . 9 , x t = 0 . 85 , p p = 0 . 3 , p t = 0 . 29 , c p = 0 . 27 ,

θ = 0 . 5 , v = 0 . 1 , τ= 0 . 5 , M g = 500 , and increasing f and M c from

zero to 0.2 and 500 to 10 0 0, respectively. The platform’s profits un-

der models GCB and CCB regarding f and M c are depicted in Fig. 1 .

Fig. 1 shows that, when f < 0.1034(i.e., f p t < 0 . 03 = p p − c p ),

M c < 625.813 and M c / M g < λB , the platform gains more profit un-
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b
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er model GCB (white grid area) than that under model CCB (black

rid area); otherwise, he obtains more profit under model CCB

han model GCB. Note that, λB varies with f . In particular, when

f = 0 , M c = 625 . 813 and λ̄B = 1 . 252 . 

Theorem 1 characterizes the choice of trade-in rebate mode and

ssociated conditions. What payment can offer a larger rebate? The

ollowing proposition answers this question. 

roposition 1. When f p t < p p − c p , p GCB ∗
r > p C C B 

∗
r ; otherwise,

p GCB ∗
r ≤ p C C B 

∗
r . 

Proposition 1 shows that, when f p t < p p − c p , the optimal

rade-in rebate under model GCB is larger than that under model

CB; otherwise, the former is not larger than the latter. When

f p t < p p − c p , per unit product sales from the self-run store can

ead to more profit for the platform than from the third-party

tore. In such a context, when using GC, the platform is better

ff offering a relatively large rebate. This can increase product de-

and, and thus can lead to more profit for the platform, which

ay compensate for possible loss incurred by offering a high re-

ate. When implementing CC, some trade-in consumers may buy

roducts from the third-party store. This results in a lower to-

al profit than that under model GCB. Thus, the platform may

as less incentive to provide a higher trade-in rebate. This insight

an partly explain why JD.com can provide a higher rebate (i.e.,

650 CNY) for iPhone 6s plus than that of GOME.com.cn (i.e., 3150

NY) (see JD.com and GOME.com.cn). In contrast, when the condi-

ion f p t ≥ p p − c p holds, the platform may have more motivation

o provide a higher trade-in rebate under model CCB than under

odel GCB. 

According to the findings in Theorem 1 and Proposition 1 , we

nd that when f p t < p p − c p , if M c / M g < λB , GC is better for both

he platform and consumers; otherwise, CC is better for the plat-

orm but worse for consumers than GC. However, when f p t ≥
p p − c p , CC is typically better for both the platform and consumers.

In practice, the platform may determine the optimal trade-in

ebate by trade-offing its revenue and actual residual values of

sed products. An interesting finding below states this formally. 

roposition 2. Under model GCB, when p p − c p ≥ v , p GCB ∗
r ≥ v ; oth-

rwise, p GCB ∗
r < v . Similarly, under model CCB, when ᾱ( p p − c p ) +

(1 − ᾱ) f p t ≥ v , p C C B 
∗

r ≥ v ; otherwise, p C C B 
∗

r < v . 

Note that, p p − c p is the net profit generated from per unit

ew product sales from the self-run store under model GCB,

nd ᾱ( p p − c p ) + (1 − ᾱ) f p t can be seen as the average profit

btained from per unit new product sales under model CCB.

roposition 2 indicates that, when per unit new product sales

rofit is relatively large, i.e., not less than v , the optimal trade-
usiness-to-consumer platform with dual-format retailing model, 
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n rebate is larger than or equal to actual residual value of the

sed product ( v ); otherwise, it is less than v . The rationale for

his is intuitive and summarized as follows. When per unit prod-

ct sales profit is relatively large, the platform is better off offer-

ng a large trade-in rebate. Providing such rebate can attract more

onsumers to conduct trade-ins, and this can increase demand and

hus can generate more profit to cover the loss caused by paying a

arge rebate. In contrast, when per unit product sales profit is rel-

tively small, the platform has less incentive to provide a large re-

ate. This proposition indicates that, when the platform’s unit sales

rofit (or average unit sales profit) is larger than the used product’s

ctual residual value, the platform is willing to endure temporary

oss by providing a relatively high trade-in rebate. 

We next examine the impacts of the main market parameters,

.e., v, x p , x t , p p and p t on the optimal trade-in rebates and achieve

he following proposition. 

roposition 3. The monotonicity of the optimal trade-in rebate is

haracterized as 

(a) Both p GCB ∗
r and p C C B 

∗
r increase with v ; 

(b) When f p t < p p − c p , p C C B 
∗

r increases (decreases) with x p ( x t ) ;

otherwise, p C C B 
∗

r decreases (increases) with x p ( x t ) ; 

(c) When f p t < p p − c p − 2 τ ᾱ, p C C B 
∗

r decreases with p p ; other-

wise, p C C B 
∗

r increases with p p . 

(d) When f p t ≥ p p − c p + 2 τ (1 − ᾱ) f , p C C B 
∗

r decreases with p t ;

otherwise, p C C B 
∗

r increases with p t . 

Proposition 3 shows the optimal trade-in rebate monotonicity.

ince actual value of residual value v can be seen as the revenue

enerated from traded-in products, when v increases, the platform

an gain more profit from trade-ins. Thus, the platform may have

ore incentive to provide a higher rebate. Furthermore, such a

igher rebate may lead to a higher demand, and this leads to more

ales profit for the platform. Similar results are also found in tradi-

ional trade-in related studies, e.g., Ray et al. [1] , Yin et al. [16] and

esai et al. [40] . Proposition 3 (a) is intuitive and can be supported

y the practice. Residual values of kitchen appliances such as dish-

asher and oven are typically small, and these products are less

ncluded in trade-in programs for purchasing their new generation

roducts [16] . However, we can widely observe that trade-in pro-

rams are offered by almost all major retailers for smartphones

uch as iPhones due to their relatively high residual values [41] .

hese two evidences partly suggest that, used products with rela-

ively low residual values are usually offered relatively low trade-in

ebates, and vice versa. 

Note that, in Proposition 3 (b), x p and x t are the quality levels

r consumer initial valuations of the products sold by the self-

un store and the third-party store, respectively, which can im-

rove consumers utilities. When f p t ≤ p p − c p , the platform can

ain more per unit product sales profit from the self-run store than

he third-party store. As x p increases, product demand of the self-

un store increases, the platform has more incentive to increase

he trade-in rebate to further expand product demand, and thus

o pursue more profit. However, as x t increases, product demand

f the third-party store goes up, and that of the self-run store de-

reases. In this circumstance, the platform will reduce the trade-in

ebate so as to obtain more profit through trading in used prod-

cts. In contrast, when f p t > p p − c p , the platform can gain more

er unit product sales profit from the third-party store than the

elf-run store. In such a case, as x p ( x t ) increases, product demand

f the third-party store decreases (increases), thus the platform

ill reduce (increase) the trade-in rebate. 

Proposition 3 (c) shows that, when f p t < p p − c p − 2 τ ᾱ, which

eans that the platform obtain much less profit from the third-

arty store than the self-run store, the optimal trade-in rebate de-

reases with product price p p regarding the self-run store. How-
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b
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ver, when the condition does not hold, the optimal trade-in re-

ate increases with product price p p . As p p increases, product de-

and of the self-run store decreases while that of the third-party

tore increases, which may reduce the platform’s total profit. In

his case, the platform will reduce the rebate value to obtain more

rofit from trading-in used products. Otherwise, the platform’s to-

al profit increases when p p goes up. The platform may increase

he trade-in rebate to entice more replacement consumers to con-

uct trade-in transactions. 

Proposition 3 (d) shows that, when f p t ≥ p p − c p + 2 τ (1 − ᾱ) f ,

hich indicates that the platform obtains much more profit from

he third-party store than the self-run store, the optimal trade-in

ebate decreases with product price p t . However, when the con-

ition is not satisfied, the optimal trade-in rebate increases with

 t . This finding is similar to that in Proposition 3 (c), and thus the

llustration is omitted. 

By examining the impacts of v, x p , x t , p p and p t on the plat-

orm’s profit, we have the following conclusion: 

roposition 4. The monotonicity of the platform’s profit is character-

zed as 

(a) 
∏ GCB ∗

p and 
∏ C C B ∗

p increase with v ; 

(b) when f p t < p p − c p , 
∏ C C B ∗

p increases (decreases) with x p ( x t ) ;

otherwise, 
∏ C C B ∗

p decreases (increases) with x p ( x t ) ; 

(c) When f p t < p p − c p − 2 τ ᾱ, 
∏ C C B ∗

p decreases with p p ; other-

wise, 
∏ C C B ∗

p increases with p p . 

(d) when f p t ≥ p p − c p + 2 τ (1 − ᾱ) f , 
∏ C C B ∗

p decreases with p t ;

otherwise, 
∏ C C B ∗

p increases with p t . 

Proposition 4 (a) shows that, as v increases, the platform’s prof-

ts under both models GC and CCB also increase. This is intuitive

nd can be supported by Proposition 3 (a). According to Warman

42] , trade-ins for “few months old” smart phones increased 44%

f traded-in smart phones in 2013, which indicates that trade-in

ervice significantly boosts new product sales. This evidence can

irectly support this result. 

Proposition 4 (b) shows that, the platform does not always ben-

fit from offering high-quality products in its self-run store and

he third-party store. The rationale of this proposition is similar to

roposition 3 (b), and thus omitted here. Similarly, the illustrations

f Proposition 4 (c) and (d) are also omitted here. 

It is noteworthy that, τ in this study can be used to repre-

ent the degree of competition between the self-run store and the

hird-party store, which may directly influence the optimal trade-

n rebate decisions and the platform’s profits. To characterize these

mpacts, we have the following proposition: 

roposition 5. The impacts of τ on the platform’s optimal trade-in

ebate and profit are as follows: 

(a) When x p − p p ≥ x t − p t , if f p t < p p − c p , both p C C B 
∗

r and
∏ C C B ∗

p decrease with τ ; otherwise, both p C C B 
∗

r and 
∏ C C B ∗

p in-

crease with τ ; 

(b) When x p − p p < x t − p t , if f p t < p p − c p , both p C C B 
∗

r and
∏ C C B ∗

p increase with τ ; otherwise, both p C C B 
∗

r decrease with τ . 

Proposition 5 shows the effect of the competition between the

elf-run store and the third-party store on the platform’s optimal

rade-in rebate and profits as well as associated conditions. The

ondition x p − p p ≥ x t − p t means that the product valuation re-

arding product quality and price of the self-run store is larger

han that of the third-party store. When this condition holds, if

f p t < p p − c p , the self-run store will have some market advantages

ver the third-party store. In this case, as τ goes up, the compe-

ition between both stores reinforces and product demand of the

elf-run store decreases and thus profit goes down. Accordingly,
usiness-to-consumer platform with dual-format retailing model, 

https://doi.org/10.1016/j.omega.2018.01.004


8 K. Cao et al. / Omega 0 0 0 (2018) 1–12 

ARTICLE IN PRESS 

JID: OME [m5G; January 17, 2018;3:51 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P  

o

c  

t  

b  

h  

d  

d  

d  

f  

d  

t  

p  

l  

m  

t  

e  

f  

t  

m  

C  

v  

u  

M

 

e  

f  

c

P  

o  

m

 

t  

m  

C  

i  

 

 

f  

s  

m  

m  

d  

u  

p  

m  

 

b  

k  

p  

d  

s  

h  

e

 

a  

 

M  

r  

C

 

M  
the platform may reduce the trade-in rebate to obtain some profit

from trading-in used products in order to counteract the loss gen-

erated from the decrease in product demand. By contrast, the plat-

form’s profit and the optimal trade-in rebate will increase with τ .

When the condition x p − p p < x t − p t is satisfied, the case is con-

trary to that when x p − p p ≥ x t − p t holds, and we omitted here. 

4.2. Extended scenario 

In this scenario, the platform exerts trade-in efforts to en-

tice more replacement consumers to trade-in products. Similar to

Theorem 1 , we have the following finding: 

Remark 1. When f p t < p p − c p and M c / M g < λE , GC outper-

forms CC; otherwise, CC outperforms GC, where λE = [2 mθA 

2 −
β2 M c ( A 

2 − B 2 )] / (2 mθB 2 ) . 

Note that, Remark 1 is almost the same as Theorem 1 ex-

cept the threshold λE = [2 mθA 

2 − β2 M c ( A 

2 − B 2 )] / (2 mθB 2 ) . This

remark further enforces the adaptability of Theorem 1 . 

In general, sales effort s can help to capture more market share,

and thus may obtain more profit. Is this true in the trade-in trans-

actions on B2C platforms? What impact of the trade-in efforts im-

poses on the optimal trade-in rebate? The following findings for-

mally answer these questions. 

Proposition 6. When launching trade-in efforts, p GCB ∗
r > p GCE ∗

r and

p C C B 
∗

r > p C C E 
∗

r , while 
∏ GCB ∗

p < 

∏ GCE ∗
p and 

∏ C C B ∗
p < 

∏ C C E ∗
p . 

Proposition 6 shows that the optimal trade-in rebate without

launching trade-in efforts is larger than that launching trade-in ef-

forts, whereas the optimal profit of the platform without exerting

trade-in effort s is less than that exerting trade-in effort s. If the

platform exerts trade-in efforts, replacement consumers can obtain

more utilities from trade-in service, and more consumers will par-

ticipate in trade-in transactions. Inevitably, launching any trade-in

effort s will incur some particular costs. In such a context, the plat-

form may reduce the trade-in rebate in order to counteract the

costs associated with trade-in efforts. Nevertheless, trade-in efforts

can help to increase trade-in product demands under both GC and

CC payment modes, respectively. This, on the one hand, may off-

set the decrease in trade-in product demand caused by trade-in

rebate reduction under each payment mode. On the other hand,

when trade-in rebate goes down, the platform can obtain more

profit from trade-in used products. 

By examining the impact of trade-in effort s on the optimal de-

cisions in the extended scenario, an interesting finding is achieved:

Proposition 7. When exerting trade-in efforts, e GCE ∗ ( e C C E 
∗
) increases

with M g (M c ), while p GCE ∗
r ( p C C E 

∗
r ) decreases with M g (M c ). 

Proposition 7 shows that, regardless of whether under GC pay-

ment model or CC payment mode, the optimal level of trade-in ef-

forts increases with the potential market size, whereas the optimal

trade-in rebate decreases with it. As the potential market size in-

creases, the platform has more motivation to launch more trade-in

effort s to entice more replacement consumers to conduct trade-in

transactions. When trade-in effort level increases, the correspond-

ing cost goes up. Thus, the platform may reduce the trade-in rebate

to cut down some loss. This in turn can generate more profit from

the used products trade-in transactions. This proposition means

that the potential market size in the extended scenario has some

negative effect on the optimal trade-in rebate value, which is not

found in the basic scenario. 

We next compare the optimal trade-in effort levels under GC

and CC payment modes, and have the following conclusion: 
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b

Omega (2018), https://doi.org/10.1016/j.omega.2018.01.004 
roposition 8. When f p t < p p − c p and M c / M g < λE 1 , e 
GCE ∗ > e C C E 

∗
;

therwise, e GCE ∗ ≤ e C C E 
∗
, where λE1 = A/B − M c β2 (A − B ) / (2 mθB ) . 

Similar to those in Theorem 1 , the two conditions f p t < p p −
 p and M c / M g < λE 1 have the same implications except that the

hreshold λE 1 is different from λ̄B . Proposition 8 shows that, when

oth the conditions hold, the platform under CC payment mode

as less incentive to launch more trade-in effort s than that un-

er GC payment mode. However, when one of these two con-

itions is not satisfied, the platform may exert more effort s un-

er CC payment mode than that under CC payment. The reasons

or this proposition are summarized as follows. When both con-

itions f p t < p p − c p and M c / M g < λE 1 hold, the platform can ob-

ain a higher sales profit from the self-run store than the third-

arty store, and the potential market size regarding GC is not much

ess than that of CC. In this case, the platform under GC payment

ode will have more incentive to launch a higher trade-in effort

han under CC payment mode to improve its profitability, and thus

 

GCE ∗ > e C C E 
∗
. However, when f p t < p p − c p does not hold, the plat-

orm will obtain more sales profit from the third-party store than

he self-run store. In such a circumstance, even if the potential

arket size regarding GC payment is not much less than that of

C payment (i.e., M c / M g < λE 1 ), the platform may have less moti-

ation to exert more trade-in effort under GC payment mode than

nder CC payment mode. Similar result comes when the condition

 c / M g < λE 1 is not satisfied. 

As the optimal trade-in rebate decisions are influenced by the

ffort levels, we then investigate which mode (GC or CC) can of-

er a higher trade-in rebate. This is characterized by the following

onclusion. 

roposition 9. When f p t < p p − c p or M c / M g > λE 2 , p C C E 
∗

r < p GCE ∗
r ;

therwise p C C E 
∗

r ≥ p GCE ∗
r , where λE2 = [(2 m 

2 θ2 + M g M c b 
4 )(B − A ) +

θb 2 M g (2 A − B )] / [ mθb 2 M g (2 B − A )] . 

Proposition 9 shows, when f p t < p p − c p or M c / M g > λp , the op-

imal trade-in rebate under model GCE is larger than that under

odel CCE; otherwise, the optimal trade-in rebate under model

CE is larger than that under model GCE. Unlike Proposition 1 ,

n the extended scenario, any one of the two conditions holds,

p C C E 
∗

r < p GCE ∗
r , and only when both the conditions are not satisfied,

p C C E 
∗

r ≥ p GCE ∗
r . When the condition f p t < p p − c p holds, the plat-

orm can obtain more unit product sales profit from its self-run

tore than the third-party store. The platform may capture more

arket share by offering a higher trade-in rebate under GC pay-

ent mode; while under CC payment mode, the platform may re-

uce trade-in rebate in order to obtain more profit from trading in

sed products. When M c / M g > λE 2 , potential market size under CC

ayment mode is sufficiently larger than that under GC payment

ode. According to Proposition 6 , a large M c will lead to a small

p C C E 
∗

r , and a small M g can result in a large p GCE ∗
r . However, when

oth conditions do not hold, which means that the potential mar-

et size is not sufficiently large and the platform will get less unit

rofit from the self-run store than that of the third-party store un-

er CC payment mode compared to under GC payment mode. In

uch a context, the platform may have more incentive to offer a

igher trade-in rebate to increase trade-in demand, and thus gen-

rate more profit. 

To better illustrate Proposition 9 , we present a numerical ex-

mple as follows. To this end, we set x p = 0 . 9 , x t = 0 . 85 , p p = 0 . 3 ,

p t = 0 . 29 , c p = 0 . 25 , θ = 0 . 5 , v = 0 . 1 , τ= 0 . 1 , β = 0 . 1 , m = 50 and

 g = 500 , and increase f and M c from zero to 0.4 and 500 to 10 0 0,

espectively. The optimal trade-in rebate under models GCE and

CE regarding f and M c are depicted in Fig. 2 . 

Fig. 2 shows that, when f ≤ 0.1724 (i.e., f p t ≤ 0 . 05 = p p − c p ),

 c ≤ 883.8 and M c / M g ≤λE 2 , the optimal trade-in under model CCE
usiness-to-consumer platform with dual-format retailing model, 

https://doi.org/10.1016/j.omega.2018.01.004


K. Cao et al. / Omega 0 0 0 (2018) 1–12 9 

ARTICLE IN PRESS 

JID: OME [m5G; January 17, 2018;3:51 ] 

Fig. 2. The optimal trade-in rebate under models GCE and CCE regarding f and M c . 
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s larger than that under model GCE (white grid area); otherwise,

he optimal trade-in under model GCE is larger (black grid area). 

.3. Further extension 

In this sub-section, we will examine the impact of redemption

ate with respect to gift card (GC) on the optimal decisions and

rofits of the platform. Due to some practical reasons, e.g., loss of

ards and expiration of cards, redemption rate regarding gift card

ay be less than 100% [43] . In this regard, some consumers may

edeem only part of the card’s full value, while others may not use

he gift card at all. Notably, in online retailing settings, the expi-

ation of gift cards may not occur. For instance, Amazon.com’s gift

ards are always effective, and JD.com allows consumers to redeem

heir gift cards’ values during future 36 months. These evidences

uggest that consumers may have enough time and more chances

o redeem their gift cards in future purchases. Nevertheless, con-

umers may still lose their cards for unexpected reasons. Unlike

ift card, cash coupon is always offered by online retailers with

lectronic forms and never expires. Consequently, the redemption

ate of cash coupon can be regarded as 100%, while that of gift

ard may be less than 100%. 

Generally speaking, consumers may not consider that they will

ot use or lose gift cards when making decisions on trade-in trans-

ctions. Furthermore, in practice, even if some consumers lose

heir gift cards, they may also come to platform to buy products.

ence, the redemption rate may have no effects on trade-in prod-

ct and product demand, but will have impact on the platform’s

rofit. Following Khouja et al. [43] and Zhang et al. [44] , we as-

ume that the redemption rate of gift card γ ( γ ∈ (0, 1]). Thus, γ D g 

onsumers will redeem their gift cards, while the remaining con-

umers (1 − γ ) D g will not use their cards. Based on Eq. (5) , when

is considered, the profit function takes the form (model GCBR):

CBR ∏ 

p 

( p r ) = D g (v − p r ) + D g ( p p − c p ) + (1 − γ ) D g p r . (13)

Note that, the first two terms are the same as those in Eq. (5) .

he third term indicates that the offered trade-in rebates are not

edeemed, and thus can be regarded as an additional source of

rofit for the platform. 

Similarly, when the trade-in effort s are taken into account,

ased on Eq. (10) , the platform’s profit function is formulated as
Please cite this article as: K. Cao et al., Optimal trade-in strategy of b

Omega (2018), https://doi.org/10.1016/j.omega.2018.01.004 
model GCER) 

CER ∏ 

p 

( p r , e ) = D 

E 
g (v − p r ) + D 

E 
g ( p p − c p ) + (1 − γ ) D 

E 
g p r − m e 2 / 2 . 

(14) 

According to the platform’s profit functions defined in

qs (13) and (14) , we can easily obtain the optimal decisions and

rofits, and the results are also presented in Table 2 . 

By examining the impact of γ on the optimal trade-in rebates,

rade-in effort s and profit s, we find that our major findings and in-

ights remain unchanged when the redemption rate is considered.

evertheless, we find that there exist certain effects of γ on the

ptimal trade-in rebates (i.e., p GCB R ∗
r and p GCE R ∗

r in the absence of

nd presence of trade-in effort s, respectively), trade-in effort level

 e GCE R ∗ ) and profits. Hence, we have the following proposition: 

roposition 10. The effects of the redemption rate on the optimal de-

isions and profits are characterized as 

(a) p GCB R ∗
r and p GCE R ∗

r decrease with γ ; 

(b) e GCE R ∗ increases with γ ; 

(c) 
∏ GCB R ∗

P and 
∏ GCE R ∗

P decease with γ . 

Proposition 10 (a) shows that the optimal trade-in rebates de-

rease with the redemption rate regardless of whether or not con-

idering trade-in effort s. As γ increases, more consumers will re-

eem their gift cards, and the platform’s profit derived from unre-

eemed GC values (i.e., (1 − γ ) D g p r ) decreases. In such a case, the

latform may accordingly reduce the optimal rebate to counteract

his loss. 

Proposition 10 (b) shows the optimal trade-in effort level in-

reases with the redemption rate. When γ increases, according to

roposition 10 (a), the optimal trade-in rebate decreases. This will

ead to decrease in trade-in demand. To cover this loss, the plat-

orm may launch more trade-in effort s to entice more consumers

o conduct trade-in transactions. 

Proposition 10 (c) shows that, the platform’s optimal profit is

ecreasing in the redemption rate regardless of whether consid-

ring trade-in effort s or not. When the ret ailer does not launch

rade-in efforts, the optimal trade-in rebate decreases with γ
 Proposition 10 (a)). The platform may incur profit loss caused by

he reductions from both unredeemed gift cards and trade-in de-

and. Therefore, the platform is not beneficial when γ increases.

hen launching trade-in efforts, although the platform will exert

ore trade-in efforts to increase trade-in demand, trade-in effort

osts will accordingly increase. This will further reduce the plat-

orm’s profit. This proposition suggests a counterintuitive finding

hat the redemption rate has certain negative effect on the plat-

orm’s profit, which is similar to that found in Zhang et al. [44] ,

ut contrary to that found in Khouja et al. [43] . 

. Conclusions 

B2C platforms are increasingly adopting trade-in programs to

ntice consumers to make more purchases. Some platforms such as

mazon.com and JD.com conduct their transactions relying heav-

ly on dual-format retailing model, which includes self-run stores

nd third-party stores. These platforms may offer their trade-in re-

ates with GC or CC. GC and CC are used toward product purchases

rom self-run stores and both stores, respectively. In such a circum-

tance, it is important for platforms to determine whether to offer

rade-in rebates with GC or CC, and then the optimal trade-in re-

ates. To entice more consumers to conduct trade-in transactions,

latforms may exert trade-in related sales effort s on the platform.

hus, it is also important to identify the impact of trade-in effort s
usiness-to-consumer platform with dual-format retailing model, 
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on the optimal decisions regarding trade-in strategy. Since the re-

demption rate regarding gift card may be less than 100%, we fur-

ther consider this issue in the analysis. 

To address the aforementioned issues, we consider a B2C plat-

form owning a self-run store and hosting a third-party store, and

these two stores sell two imperfect substitute new products on-

line. We focus on consumers who have the same category of used

durable products with the same residual values. Used products

may not be in the same category as new products, and may not

be bought from the platform early. We develop theoretical models

to examine the optimal trade-in strategy and associated decisions

for the platform. 

Some important findings and management insights are summa-

rized as follows. 

• When the platform gains more per unit product sales profit

from the self-run store than the third-party store and con-

sumers are not sufficiently willing to use CC, GC is better for

the platform. Otherwise, CC benefits the platform. In general,

the better choice of payment also benefits consumers. One ex-

ception is that, when the platform gains more per unit product

sales profit from the self-run store than the third-party store,

the choice of CC may hurt consumers accompanied by a rela-

tively low rebate. 
• Interestingly, the platform may set a relatively large trade-in re-

bate (i.e., larger than actual residual value) for used products

when unit new product sales profit is larger than the actual

residual value of used products, and vice versa. 
• The platform does not always benefit from offering products

with high quality and low selling price in both the self-run

store and the third-party store, and also the market competi-

tion between both stores. 
• Launching trade-in effort s leads to a lower trade-in rebate but

a higher profit for the platform. When exerting trade-in effort s

on the platform, potential market size has a positive effect on

the effort level but negative effect on the trade-in rebate value.

The platform does not always launch more effort s and offer a

higher rebate under GC payment mode than under CC payment

mode. In particular, when per unit product sales profit from

the self-run store is sufficiently large and potential market size

under CC payment mode is not sufficiently large, the platform

may exert more effort s under GC payment model than under

CC payment mode. Interestingly, when only one of these two

conditions holds, the platform will offer a higher trade-in re-

bate under GC payment mode than under CC payment mode. 
• When the redemption rate of gift card is taken into consider-

ation, we find that the optimal trade-in rebate decreases with

the rate, while the optimal trade-in effort level increases. Coun-

terintuitively, a higher redemption rate of gift card may hurt

the platform, and vice versa. 

There are some possible extensions of this study. First, we have

not considered consumer trade-in costs including both shipping

cost or mailing fee and psychological cost such as time investment.

These costs may influence consumer behaviors for trading-in used

products. Our models may generate different results when these

costs are considered. Second, competition between two or more

platforms may occur when they offer trade-in programs simulta-

neously. Thus, it is interesting to examine the optimal decisions in

a competitive market. These issues can be seen as important ex-

tensions in future studies. 
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ppendix A 

roof of Theorem 1. By comparing the platform’s profits under

odels GCB and CCB, we have 
∏ C C B ∗

p / 
∏ GCB ∗

p = ( M c / M g )[ ̄α( p p −
 p ) + (1 − ᾱ) f p t + v ] / ( p p − c p + v ) 2 . 

For ease of notations, set A = p p − c p + v , B = ᾱ( p p − c p ) + (1 −
¯ ) f p t + v and λB = A 

2 / B 2 . Since M c / M g ≥ 1, it is easy to verify

hat, when the conditions f p t < p p − c p and M c / M g < λB hold,
 C C B ∗
p / 

∏ GCB ∗
p < 1 . Otherwise, 

∏ C C B ∗
p / 

∏ GCB ∗
p ≥ 1 . 

roof of Proposition 1. By comparing the optimal trade-in rebates

nder models GCB and CCB, we have p CC B ∗
r − p GC B ∗

r = (1 − α)[ f p t −
(p p − c p )] / 2 . It is easy to verify that, when f p t < p p − c p holds,

p GCB ∗
r > p C C B 

∗
r ; otherwise, p GCB ∗

r ≤ p C C B 
∗

r . 

roof of Proposition 2. According to p GCB ∗
r = ( p p − c p + v ) / 2 , we

ave p GCB ∗
r − ν = ( p p − c p − ν) / 2 . Thus, it is easy to obtain that,

hen p p − c p ≥ ν , p GCB ∗
r ≥ ν; otherwise, p GCB ∗

r < ν . The proof for

his proposition under model CCB is similar to that under model

CB, and omitted here. 

roof of Proposition 3. According to the optimal trade-in rebate

nder model GCB as shown in Table 2 , we have ∂ p GC B ∗
r /∂ v = 1 / 2 >

 . Thus, we can conclude that p GC B ∗
r is increasing in v . The proof

or that p C C B 
∗

r is increasing in v under model CCB is similar to that

nder model GCB, and omitted here. 

As for the monotonicity of the optimal trade-in rebate regard-

ng x p and x t under model CCB, we have ∂ p C C B 
∗

r /∂ x p = ( p p − c p −
f p t ) / (4 τ ) and ∂ p C C B 

∗
r /∂ x t = −( p p − c p − f p t ) / (4 τ ) . It is easy to

erify that, when f p t < p p − c p , ∂ p C C B 
∗

r /∂ x p ≥ 0 and ∂ p C C B 
∗

r /∂ x t ≤
 ; otherwise, ∂ p C C B 

∗
r /∂ x p < 0 and ∂ p C C B 

∗
r /∂ x t > 0 . 

As for the optimal trade-in rebate monotonicity regarding p p 
nd p t under model CCB, we have ∂ p C C B 

∗
r /∂ p p = [ f p t − ( p p − c p ) +

 τ ᾱ] / (4 τ ) and ∂ p C C B 
∗

r /∂ p t = [( p p − c p ) + 2 τ (1 − ᾱ) f − f p t ] / (4 τ ) .

t is easy to verify that, when f p t < p p − c p − 2 τ ᾱ, ∂ p C C B 
∗

r /∂ p p < 0 ;

therwise, ∂ p C C B 
∗

r /∂ p p ≥ 0 . However, when f p t ≥ p p − c p + 2 τ (1 −
¯ ) f , ∂ p C C B 

∗
r /∂ p t ≤ 0 ; otherwise, ∂ p C C B 

∗
r /∂ p t > 0 . 

roof of Proposition 4. To prove the monotonicity of

latform’s profits regarding v under models GCB and

CB, we have ∂ 
∏ GC B ∗

p /∂v = M g ( p p − c p + ν) / (2 θ ) ≥ 0 and

 

∏ C C B ∗
p /∂ν = M c [( p p − c p − f p t )( x p − p p − x t + p t ) + τ ( p p − c p + 

f p t + 2 v )] / (4 θτ ) ≥ 0 . Thus, both 

∏ G C ∗
p and 

∏ C C B ∗
p are increasing

n v . 

As for the platform’s optimal profit monotonicity regarding

 p and x t under model CCB, we have ∂ 
∏ C C B ∗

p /∂ x p = M c ( p p −
 p − f p t )[ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] / (2 θ ) and ∂ 

∏ C C B ∗
p /∂ x t =

M c ( p p − c p − f p t )[ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] / (2 θ ) . It is

asy to verify that, when f p t < p p − c p , ∂ 
∏ C C B ∗

p /∂ x p > 0 and

 

∏ C C B ∗
p /∂ x t < 0 ; otherwise, ∂ 

∏ C C B ∗
p /∂ x p ≤ 0 and ∂ 

∏ C C B ∗
p /∂ x t ≥ 0 . 

To prove the platform’s optimal profit monotonicity re-

arding p p and p t under model CCB, we have ∂ 
∏ C C B ∗

p /∂ p p =
 c [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ][ f p t − ( p p − c p ) + 2 τ ᾱ] / (4 τθ ) 

nd ∂ 
∏ C C B ∗

p /∂ p t = M c [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ][( p p − c p ) +
 τ (1 − ᾱ) f − f p t ] / (4 τθ ) . It is easy to verify that, when f p t <

p p − c p − 2 τ ᾱ, ∂ 
∏ C C B ∗

p /∂ p p < 0 ; otherwise, ∂ 
∏ C C B ∗

p /∂ p p ≥ 0 . And

hen f p t ≥ p p − c p + 2 τ (1 − ᾱ) f , ∂ 
∏ C C B ∗

p /∂ p t ≤ 0 ; otherwise,

 

∏ C C B ∗
p /∂ p t > 0 . 

roof of Proposition 5. To prove the impacts of τ on the plat-

orm’s optimal trade-in rebate and profit, we have ∂ p C C B 
∗

r /∂ τ =
usiness-to-consumer platform with dual-format retailing model, 
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[  
( p p − c p − f p t )( x p − x t − p p + p t ) / (4 τ 2 ) and ∂ 
∏ C C B ∗

p /∂τ =
M c [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ]( p p − c p − f p t )( x p − x t − p p + 

p t ) / (4 θτ 2 ) . Thus, we have, when x p − p p ≥ x t − p t , if f p t < p p − c p ,

 p C C B 
∗

r /∂ τ ≤ 0 and ∂ 
∏ C C B ∗

p /∂ τ ≤ 0 ; otherwise, ∂ p C C B 
∗

r /∂ τ ≥ 0 and

 

∏ C C B ∗
p /∂τ ≥ 0 . And when x p − p p < x t − p t , if f p t < p p − c p ,

 p C C B 
∗

r /∂ τ > 0 and ∂ 
∏ C C B ∗

p /∂ τ > 0 ; otherwise, ∂ p C C B 
∗

r /∂ τ ≤ 0 and

 

∏ C C B ∗
p /∂τ ≤ 0 . 

roof of Remark 1. The proof of this remark is similar to that of

heorem 1 , and thus omitted here. 

roof of Proposition 6. Based on the platform’s optimal deci-

ions and profits as reported in Table 2 , we have p GCE ∗
r − p GCB ∗

r =
M g β2 ( p p − c p + v ) / (4 mθ − 2 M g β2 ) < 0 , 

p C C E 
∗

r − p C C B 
∗

r = −M c β
2 [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] / 

(4 mθ − 2 M c β
2 ) < 0 , 

CE ∗∏ 

p 

−
GCB ∗∏ 

p 

= M g ( p p − c p + v ) 2 [1 / (4 θ − 2 M g β
2 /m ) − 1 / (4 θ )] > 0 , 

 C E ∗∏ 

p 

−
C C B ∗∏ 

p 

= M c [ ̄α( p p − c p ) + (1 − ᾱ) f p t + v ] 2 

× [1 / (4 θ − 2 M g β
2 /m ) − 1 / (4 θ )] > 0 . 

Thus, this proposition can be directly obtained. 

roof of Proposition 7. To prove the impacts of parameters M g 

n the trade-in rebate and trade-in effort s under model GCE, we

ave ∂ p GCE ∗
r /∂ M g = −( p p − c p + v ) β2 mθ/ (2 mθ − M g β2 ) 2 < 0 and

 e GCE ∗/∂ M g = 2 p GCE ∗
r / (2 mθ − M g β2 ) > 0 . 

The proof for this proposition under model CCE is similar to

hat under model GCE, and thus omitted here. 

roof of Proposition 8. Based on the optimal trade-in effort

s shown in Table 2 , we have e GCE ∗ − e C C E 
∗ = M g [2 mθβ(A −

 M c / M g ) + M c β3 (B − A )] / [(2 mθ − M c β2 )(2 mθ − M g β2 )] . Thus,

hen f p t < p p − c p and M c / M g < λE 1 , e GCE ∗ − e C C E 
∗

> 0 ; otherwise,

 

GCE ∗ − e C C E 
∗ ≤ 0 , where λE1 = A/B − M c β2 (A − B ) / (2 mθB ) . 

roof of Proposition 9. Based on the optimal trade-in

ebate as reported in Table 2 , we have p C C E 
∗

r − p GCE ∗
r =

 g [(B − A )(2 m 

2 θ2 / M g − mθβ2 ) + mθβ2 A − mθβ2 (2 B − A ) M c / M g ] . 

hus, when f p t ≥ p p − c p and M c / M g ≤λE 2 , p C C E 
∗

r − p GCE ∗
r ≥ 0 ;

therwise, p C C E 
∗

r − p GCE ∗
r ≤ 0 , where λE2 = [(B − A )(2 m 

2 θ2 / M g −
θβ2 ) + mθβ2 A ] / [ mθβ2 (2 B − A )] . 

roof of Proposition 10. To examine the impacts of the redemp-

ion rate on the optimal trade-in rebate, trade-in effort and the

latform’s profit, we have 

 p GCB R ∗
r /∂ γ = −( p p − c p + v ) / (2 γ 2 ) < 0 , 

 p GCE R ∗
r /∂ γ = −( p p − c p + v )[ M g 

2 β4 γ 2 + 2 θm (θm − M g β
2 γ )] / 

[ γ 2 (2 θm − M g β
2 γ ) 2 ] < 0 , 

∂ e GCE R ∗/∂γ = M g 
2 β3 ( p p − c p + v ) / (2 θm − M g β

2 γ ) 2 > 0 , 

∂ 
GCB R ∗∏ 

P 

/∂γ = −M g ( p p − c p + v ) 2 / (4 γ 2 θ ) < 0 and 

∂ 
GCE R ∗∏ 

P 

/∂γ = −M g m ( p p − c p + v ) 2 (θm − M g β
2 γ ) / 

2 2 2 
[ γ (2 θm − M g β γ ) ] < 0 . 
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