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ABSTRACT

We investigate behaviors and performance of a supply chain, in which a supplier uses buy-
back contracts to transact with a retailer under stochastic market demand. We compare ex-
ante versus ex-post buyback pricing—the supplier decides the buyback price before demand
realization in the former, but after demand realization in the latter. Theoretical analyses pre-
dict that the retailer order quantity and the supply chain efficiency are lower under ex-post
buyback pricing. However, in experiments with human subjects playing both the supplier
and retailer, we observe the opposite: the retailer order quantity and the supply chain effi-
ciency are significantly higher under ex-post buyback pricing. Several behaviors are found
significant. First, the supplier exhibits weaker advantageous fairness concern under ex-ante
buyback pricing than under ex-post buyback pricing. Second, the supplier over-weights the
buyback cost under the former, but under-weights (reciprocates) under the latter. Third, the
retailer’s fairness concern is weaker under the latter. Fourth, the retailer exhibits trust behav-
ior with the supplier under the latter. These drivers lead to less rejection and higher order
quantity under ex-post buyback pricing than under ex-ante buyback pricing. Our results
shed light on how human behaviors change with the decision timing and benefit supply
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chain performance.

1. Introduction

The buyback contract is popular in supply chain
management, which specifies a wholesale price plus
a buyback price between a supplier and a retailer
(Cachon & Lariviere, 2005; Jokar & Hosseini-
Motlagh, 2020; Yue & Raghunathan, 2007). The
buyback price is implemented by the supplier to
buy back the products that the retailer has ordered
at the beginning of a selling season but has not sold
at the end of it. When the market demand is sto-
chastic, the buyback is of great value to the retailer
in case of leftover inventory. As the retailer can
always sell back the unsold products, the buyback
reduces the retailer’s cost of being stuck with too
much leftover inventory. Hence, the retailer may
order more from the supplier when the buyback is
offered than when it is not offered. By offering the
buyback, the supplier aligns the interest of the
retailer with the supply chain, and by properly set-
ting buyback prices, it can coordinate the sup-
ply chain.

The buyback price can be decided ex ante,
namely, before the uncertain market demand is real-
ized. When the ex-ante buyback price is set, the
amount of leftover inventory is not known to both
the supplier and the retailer because the uncertain
demand has not been realized. The ex-ante buyback
price has been used in the distribution of books,

magazines, newspapers, music records, computers,
greeting cards, and pharmaceuticals. For example,
Viking Press was the first book publisher to use ex-
ante buyback contract in 1932, and IBM Personal
Computer Co. and Borland, Inc. were also reported
to use the ex-ante buyback contracts (Padmanabhan
& Png, 1995). This contract has been studied both
theoretically and experimentally in existing literature
(Cachon, 2003; Katok & Wu, 2009).

The buyback price can also be decided ex post,
namely, after the uncertain demand is realized.
When the ex-post buyback price decision is made,
the amount of leftover inventory is known to both
the supplier and the retailer. Thus, the buyback
price decision is contingent on the realized demand
and/or the realized leftover inventory. For example,
Helper and Henderson (2014) reports that Toyota
Inc. does not specify some payments explicitly to
their long-term suppliers in the contract ex-ante,
but clarify them ex-post to share the benefit of the
result; this is called “governance by trust” and is
one of the reasons that Toyota Inc. took market
share away from General Motor Inc. Recently, it is
also reported that many suppliers decide buyback
price contingent on the retailers’ severe overstocks
that are caused by COVID-19 pandemic (Legal-
Service-Network 2020). Contingent decisions are
called “wait-and-see” solutions in the literature of
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stochastic decision-making
Louveaux, 2011).

We mainly focus on the long-term partnership
between suppliers and retailers. Managing and
maintaining long-terms supplier partnerships are of
vital importance to supply chain management. In
the automobile industry in Japan, companies prefer
to enter into long-term relationships with suppliers,
which are regarded as the reason for their success
(Helper & Henderson, 2014). Syncee Inc. addresses
that a long-term supplier relationship has many
advantages for enterprises, such as lower purchase
price and quality guarantee (Racz, 2018). Hence, we
adopt fixed matching to explore the supply chain
performance with a long-term partnership between
suppliers and retailers. Moreover, the method of ex-
post pricing can play a role under the long-term
partnership rather than the short-term partnership.
If random matching is adopted to simulate the
short-term partnership, the advantage of ex-post
decision-making may not be highlighted.

Decision-makers may be affected by individual
biases and social preferences, resulting in decisions
different from theoretical predictions (Kunc et al.,
2016; White et al., 2020). In the long-term relation-
ship, we mainly focus on social preferences such as
fairness, trust, and reciprocity as they are most rele-
vant to the decisions of suppliers and retailers under
buyback contracts. Fairness is a social preference
that negative affects a party’s utility when it receives
an unfair share of the benefits in a transaction with
other parties. It has been shown to affect decisions
in several supply chain settings (Cui et al., 2007;
White et al., 2020). Trust behavior can be under-
stood through the trust game (Berg et al.,, 1995), in
which a first mover decides whether to send money
for a second mover to investment, then the second
mover decides how much money to send back to
the first mover. It is an act of trust for the first
mover to send money to the second mover in hope
of getting a return because the second mover has no
obligation to send any money back to the first
mover. Reciprocity is the act of voluntarily repaying
a trusting move at a later point in time
(Gunnthorsdottir et al., 2002). If the second mover
gives back money to the first mover, it exhibits
reciprocal cooperation (Isoni & Sugden, 2019).

We can show that the ex-ante buyback contract
performs better than the ex-post buyback contract
in theory. However, in supply chain game settings,
the experimental results usually deviate from the
theoretical predictions because of human decision-
making behaviors (Katok & Pavlov, 2013).
Therefore, we conduct an experimental study to
compare these two types of buyback prices in a sup-
ply chain game that is played between a supplier

(Birge &

and a retailer with a long-term partnership. In the
supply chain game with ex-ante buyback pricing,
first the supplier decides a wholesale price and a
buyback price, then the retailer decides an order
quantity, and last market demand realizes. In the
game with ex-post buyback pricing, the only differ-
ence is that the supplier decides a buyback price
after observing the demand realization and the left-
over inventory. Both parties are played by human
subjects in the experiment. Our study aims to
answer the following research questions: (1) How
do the ex-ante and the ex-post buyback contracts
perform in the supply chain game in a long-term
partnership? (2) What are the partners’ decision
behaviors that drive the performance differences
between these two buyback contracts?

The theoretical analysis predicts that the ex-ante
buyback contract performs better than the ex-post
buyback contract for the supply chain and the sup-
plier, but worse for the retailer. However, our
experimental results show that the ex-ante buyback
contract performs worse than the ex-post buyback
contract for both the retailer and the supplier, and
thus for the supply chain. By developing behavioral
models to fit the experimental data, we find that
human behavioral preferences of reciprocity and
advantageous fairness are the main drivers of the
performance differences between these two buyback
contracts. The ex-post buyback price induces trust
of the retailer and higher reciprocity of the supplier,
thus the ex-post buyback price better aligns the
interest of the supply chain parties. Our results
imply that in practice where most decisions are
made by supply chain managers, the ex-post buy-
back pricing is a viable alternative to the ex-ante
buyback pricing.

2. Literature review

Studies on supply chain contracts are vast. As we
experimentally examine the supply chain perform-
ance of ex-ante and ex-post buyback pricing in buy-
back contracts, our research contributes to the
studies of ex-ante buyback pricing in supply chain
settings and the studies of ex-post decision-making
in operations management. Besides, our study is
also related to the experiments with fixed matching
between supply chain parties.

After Pasternack (1985) takes the lead in research
on buyback contracts, scholars conduct theoretical
research on the assumption that retailers and manu-
facturers are not profit-maximizers; instead, they
exhibit risk preference (Tran et al, 2018; Wang
et al., 2021), mental accounting (Liu et al. 2020) and
fairness concern (Qin et al., 2021). The buyback
contracts are also studied by experiments under
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The supplier decides:
the wholesale price w

Demand realizes

the buyback price b
f i3
1 1
The retailer decides: The profits of both
the order quantity q parties are determined

Figure 1. The sequences of events under the ex-ante buyback pricing.

ex-ante buyback pricing. Katok and Wu (2009) con-
duct experiments of the buyback contract in a sup-
ply chain game setting where either the supplier or
the retailer, but not both, is played by a human sub-
ject and the other party is played by a computer.
The results show that buyback contracts perform
better than wholesale price contracts. Becker-Peth
et al. (2013) investigate retailers’ decision behaviors
under a series of buyback contracts, and show that
the retailer’s order quantities deviate from the theor-
etical prediction, and the behavioral drivers of this
result are mental accounting, loss aversion, and
anchoring effect. The supplier’s decision behaviors
are studied by Zhang et al. (2016) under the buy-
back contract, and are compared with those under
the revenue-sharing contract, in human-to-computer
experiments (the human suppliers play with the
computerized retailers). The result shows that due
to the loss-aversion bias, the supplier is worse off
with the buyback contract than with the revenue-
sharing contract for high-profit margin products,
but is indifferent between the two contracts for low-
profit margin products.

Ex-post decision making is studied extensively in
stochastic programming literature and is referred as
“wait-and-see” strategy, by which capacity decisions
(Birge & Louveaux, 2011), pricing decisions (Ku &
Chang, 2012), and scheduling decisions (Hur et al.,
2021) are made after random demand or other ran-
dom parameters are realized. Ex-post decision mak-
ing is also studied and practiced in supply chain
management. The inventory replenishment decisions
are made after observing early demand information
on fashion products to reduce the mismatch cost
between supply and demand in determining initial
and replenishment order quantities (Fisher et al,
2001). Production decisions are made after observ-
ing demand realization to achieve mass customiza-
tion (Zipkin, 2001). In an empirical study on
general contract by Scott et al. (2020), some contract
terms are better not explicitly specified ex-ante but
determined ex-post because these explicit terms are
not enforceable by law. Recent experimental studies
of the supply chain contract focus on the supply
chain performance and decision preferences. For
example, Zhao et al. (2019) conduct fixed-matching
experiments of a revenue-sharing contract under a
VMI setting, in which the retailer has the option to
decide another revenue-sharing percentage ex-post

in addition to an ex-ante revenue-sharing percent-
age. They conduct human-to-human experiments
and find that the supply chain performance is sub-
stantially improved because the ex-post revenue-
sharing percentage effectively mitigates the supplier’s
fairness concerns.

There are relative few experimental studies that
are based on fixed matching. Ozer et al. (2011)
study the demand information sharing game in a
two-echelon supply chain under fixed and random
matching. They find that fixed matching leads to
higher channel efficiency than random matching.
Hyndman et al. (2014) experimentally compare the
outcome of the capacity selection game that two
manufacturers simultaneously choose the capacity
under fixed and random matching. They observe a
“first-impressions” bias, which lowers the average
profits under the fixed matching. Wu (2013) con-
ducts fixed-matching experiments under the whole-
sale price, buyback and revenue-sharing contracts,
with the retailer’s ordering decisions limited to zero,
minimum demand, or the optimal quantity. The
results show that the retailer exhibits fairness and
reciprocity.

In this study, we explore the contract of ex-ante
and ex-post buyback pricing by an experimental
study, examine behavioral preferences that are
induced by these two buyback pricing strategies,
and analyze how the preferences affect the efficien-
cies of supply chain performance. We provide
experimental evidence to show the effectiveness of
the ex-post buyback pricing. We identify social pref-
erences of the supplier and the retailer under both
contracts, and elaborate their impacts through
behavioral models. Therefore, we provide valuable
insights for the supply chain managers to make bet-
ter use of buyback contracts in practice.

3. Standard theory

The supply chain in our study consists of a single
retailer and a single supplier. The supplier produces
products at a unit cost ¢, and the retailer sells them
to the market at a unit price p. Market demand D is
stochastic following a cumulative distribution func-
tion F(-). The supplier transacts with the retailer
under a buyback contract in a Stackelberg game,
where the information of cost, price, and market
demand is assumed to be public and known to both
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parties. The buyback pricing can be determined by
the supplier either ex-ante or ex-post, namely,
before or after the stochastic demand realization.

3.1. Ex-ante buyback pricing

Under ex-ante buyback pricing, the sequence of
events is shown in Figure 1 for the game between
the supplier and the retailer. First, the supplier
offers a wholesale price w and a buyback price b
(naturally, 0 < b < w < p). Second, the retailer pla-
ces an order of quantity g and pays the supplier wq.
Third, market demand realizes; if the realized
demand d is higher than g, all products are sold to
the market; otherwise, the retailer has leftover
inventory (q—d)” = max(q—d,0), and the supplier
buys back it by paying the retailer b(g—d).

We start with the retailer’s optimal ordering deci-
sion. The retailer’s profit is as follows:

(g, d) = pmin(q,d)—wq + b(q—d)", (1)

where the first term is the sales revenue from the
market, the second is the ordering cost paying to
the supplier, and the last is the buyback payment
from the supplier. The retailer chooses a quantity to
maximize the expected profit Ep[ngr(g, D)]. The opti-

mal order quantity is F~! (%) when b<w <p. If

w < b<p, the retailer has an arbitrage opportunity
to buy as many products as possible in order to
return them for a profit. If w=>5 = p, the profit of
the retailer is always 0, that is, it is indifference to
the order quantity decision. The optimal order
quantity is given by:

F1 p—w , ifb<w <p;
g (w, b) = Pt
AV +o00, ifw=>b<p;
arbitrary value, ifw=b=p,
(2)
where the subscript A denotes ex-ante buyback pric-
ing case.

We now proceed to solve the supplier’s decision
problem. Given a retailer’s order quantity g, the
supplier’s profit is as follows:

ns(w, b, q,d) = (w—c)qg—b(qg—d)", (3)

where the first term is wholesale income, and the
second term is leftover inventory buyback cost. By
backward induction, the retailer use the optimal
order quantity; hence, the supplier’s expected profit
is Ep[ns(w,b,q}(w,b),D)]. Denote the optimal
wholesale price by wj and the optimal buyback
price by b}.

According to Pasternack (1985) and Lariviere
(1999), the equilibrium is wj — p, b} — p and

q; = F*I(*l%). The supplier, as the first mover in

the game, sets both the wholesale price and the ex-
ante buyback price close to the market price to obtain
the largest proportion of the supply chain profit. This
eliminates the double marginalization; hence, the
retailer’s order quantity is equal to the one that maxi-
mize the supply chain profit. However, at this equilib-
rium solution the retailer obtains the minimum
proportion of the supply chain profit, i.e., zero.

3.2. Ex-post buyback pricing

Under ex-post buyback pricing, the sequence of
events is the same as under ex-ante buyback pricing,
except that the buyback price b is decided by the
supplier after the market demand is realized and the
leftover inventory is observed. Hence, the game con-
sists of three decision stages in sequence: the sup-
plier decides wholesale price w, the retailer decides
order quantity g, and last, the supplier decides ex-
post buyback price b. We solve the equilibrium of
this game again by backward induction.

The decision problem in the third stage is for the
supplier to decide the optimal ex-post price as follows:

max {(w—c)q—b(g—d)"}, 4)

where (w—c)q is the wholesale income, and b(g—d) "
is the buyback payment to the retailer after observing

demand realization d. As (q—d)" is always nonega-
tive, the optimal ex-post buyback price is

bp(w,q,d) =0, (5)

that is, a profit maximizing supplier sets the ex-post
buyback price to be zero, and the subscript P
denotes ex-post buyback pricing case.

Moving one-step back, the decision problem in
the second stage is for the retailer to decide the
optimal order quantity maximizing its expected
profit as follows:

max {Ep[p min(¢, D)—wq + bj(w.4.D) (D) "]

=Ep [p min(qg, D)—wq] h
(6)
where the last equality follows from by = 0. The
optimal order quantity is given by

ait) =5 (1), o)

We are back to solve the decision of w made by
the supplier in the first stage as follows:

max. { B (w-)g5(0)-6300.4”(). D) g5(0)-D))

0<w<p

oo (59}

(8)



where the last equation is obtained by substituting
qp and b} with their expressions. By first order con-
dition, w}, satisfies the following equation

dF! (Pﬂ

717) 4 ! (p—_w> =0. 9)
p

dw

(w=c)

The equilibrium (w}, b}, g5) means that when the
supplier and the retailer maximize the profit, the ex-
post buyback price is zero. Consequently, the game
is similar to one under the wholesale price contract,
which is studied in Davis et al. (2014). Under the
equilibrium, the wholesale price w* is greater than ¢
and smaller than p. Hence, there is double marginal-
ization in the supply chain. The order quantity in

equilibrium is smaller than the quantity F_I(P%C>

that maximizes the supply chain profit.

3.3. Comparison

Based on the assumption of profit maximization,
the equilibrium analysis provides theoretical predic-
tions. We compare them under the ex-ante and the
ex-post buyback pricing.

First, we compare the order quantity and its
implication on supply chain efficiency. The retailer’s

equilibrium order quantity is g, = F! (‘%) under

the ex-ante buyback pricing and g} :F_l(}%%>

under the ex-post buyback pricing. Because the opti-
mal wholesale price w} is always larger than unit
cost ¢, the order quantity g5 under the ex-post buy-
back pricing is smaller than g}, under the ex-ante
buyback pricing. The supply chain profit is maxi-
mized when the order quantity is F1 (1%), hence,

a supply chain efficiency of 100% is achieved under
the ex-ante buyback pricing. However, a supply
chain efficiency of less than 100% is achieved under
the ex-post buyback pricing because g5 < g}.
Second, let’s compare the supplier profit, which
is determined by wholesale price and buyback price
decisions. The equilibrium ex-post buyback price is
0, hence, the supplier’s profit under ex-post buyback
pricing is equivalent to its profit under ex-ante buy-
back pricing with contract (w},0). Under ex-ante
buyback pricing, for every given W, we can always

find a contract (W,b(#)) that maximizes the sup-

plier profit. The buyback price b(#) is as follows
(see the proof in Appendix A):

2
A 0, c<w Sp—; C;
b(w) = { 3w—p—2c p+2c (0
————D> w> .
p+w—2 3

Because contract (# = wh, b(w})) results in a
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supplier profit no smaller than contract (w},0)
does, and the former contract is dominated by the
contract (w}, b%}), the supplier profit is higher under
ex-ante buyback pricing than that under ex-post
buyback pricing.

Lastly, we compare the retailer profit. It is almost
0 under ex-ante buyback pricing, but larger than
zero under ex-post buyback pricing because wj <p.
Hence, the retailer profit is smaller under the for-
mer than that under the latter.

As a summary, in theory, the order quantity and
the supplier chain efficiency are higher under ex-
ante buyback pricing than those under ex-post buy-
back pricing, and so is the supplier profit; however,
the retailer profit is lower under ex-ante buy-
back pricing.

4, Experimental implementation and
data analysis

We design human-to-human experiments where
human subjects play both the supplier and the
retailer in the supply chain game under buyback
contracts. We adopt a between-subjects experimen-
tal design: one group for ex-ante buyback pricing
and the other for ex-post buyback pricing.

4.1. Experimental implementation

In our experiment setting, demand D is uniformly
distributed on [50,150]. The unit market price of
the retailer is p =120, while the unit cost of the sup-
plier is ¢=30. Under the ex-ante buyback pricing,
the equilibrium is w* — 120, b* — 120, g* — 125.
With this equilibrium, the supply chain efficiency is
100%. We employ this equilibrium as a benchmark
in analysis, because it can be reached only when no
behavioral factors exist in the game. Under ex-post
buyback pricing, the equilibrium is w* = 105, g* =
62.5 and b* =0 (see proofs in Appendix B). With
this equilibrium, the supply chain efficiency
is 70.24%.

We recruited 134 subjects who study in the field
of science and engineering in a major university,
with 33 pairs for ex-ante buyback pricing and 34
pairs for ex-post buyback pricing in the experi-
ments. One subject could only participate in one
treatment. We coded the experimental program
using oTree systems (Chen et al., 2016).

Before the experiment starts, subjects were given
a ten-minute introduction to the newsvendor prob-
lem and the buyback contract. In the introduction,
they were explained on value ranges of decisions,
and they were also informed of all parameter values
to ensure the information assumptions consistent
with the theoretical model. To make sure that all
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Table 1. Comparison between the ex-ante buyback pricing
and the ex-post buyback pricing.

Ex-ante buyback

Ex-post buyback

pricing pricing

Sample size 33 34
Wholesale price 87.22[11.65]* 83.52[10.23]
Buyback price 43.61[28.42] 47.56[34.60]*
Order Quantity 81.14[36.63] 94.46[23.22]**
Normative order quantity 98.89[22.59]F** 80.40[8.53]
Quantity = 0(%) 7.29 1.06
Leftover 11.74[20.53] 13.66[20.75]*
Stockout 30.40[36.07]*** 19.00[25.13]

3895.00[1958.72] 4285.36[1441.26]*
1999.29[1587.33] 2577.20[1632.59]**

74.85[36.49] 87.14[30.16]***
*p-value < 0.1; ¥*p-value < 0.01; ***p-value < 0.001.

Supplier's profit
Retailer’s profit
Efficiency

subjects understand the basic setting, we asked them
to do three exercises. After the exercises, a briefing
of optimal solutions was given to further enhance
understanding of the underlying problem. At the
beginning of the experiment, each subject was ran-
domly and anonymously paired with another to
play the roles of a retailer or a supplier. The experi-
ment ran 50 rounds of repeated games. Their roles
and partnership remained fixed over all rounds. At
the end of each round, both parties could observe
each other’s profits. The experiment lasted for about
75min. At the end of the experiments, the subjects
received performance-based payments. The perform-
ance was measured by the total credits, and monet-
ary was the only incentive offered. Most subjects
received a payment that was about three times the
local standard hourly wage.

4.2. General results

We collect 3350 decisions (33 pairs x 50 rounds in
ex-ante buyback pricing and 34 pairs x 50 rounds
in ex-post buyback pricing) and analyze the decision
behaviors of subjects. Because the data under the
ex-ante buyback pricing exhibit time effect, we fol-
low the approach in Zhang et al. (2019) to use the
stable data of the last 25 rounds for analysis of sta-
ble decision behaviors. (Appendix C provides in
detail the time effect analysis using all experimental
data.) Table 1 provides descriptive statistics of both
pricing schemes, including the supplier’s decisions
of the wholesale and buyback prices, the retailer’s
ordering decisions, and the supply chain efficiency.
Before we test the statistical differences, we aggre-
gated the data by pairs to arrive at independent
observations. We applied the t-test to the observa-
tions of the wholesale price, order quantity, norma-
tive order quantity, the supplier’s, and the retailer’s
profit, because they pass the Shapiro-Wilk normality
test. Meanwhile, we applied Mann-Whitney test to
the observations of the buyback price, leftover,
stockout, and supply chain efficiency, for they do
not pass the Shapiro-Wilk normality test.

By comparison, we first observe that the
experimental results significantly deviate from the
theoretical equilibrium under both contracts. Under
ex-ante buyback pricing, because the retailer makes
the order quantity decision after the supplier offers
the wholesale price and the buyback price, we use
the actual decisions of wholesale prices and buyback
prices to predict the order quantity according to Eq.
(2). For every pair of given experimental data
(w, b), the predicted optimal order quantity on
average is 98.89 (the standard deviation is 22.59).
The experiment average order quantity 81.14 is sig-
nificantly less than the prediction (single-sided
t-test, t = —3.29,p < 0.001). The supply chain effi-
ciency of 74.85% is significantly lower than the pre-
diction of 100% (one-sample Mann-Whitney
test, V.= 0,p <0.001).

Under ex-post buyback pricing, the prediction of
the optimal order quantity with experimental data
according to Eq. (7) is 80.40 (the standard deviation
is 8.53). The observed order quantity 93.53 is sig-
nificantly larger than the prediction of 80.40 (single-
sided t-test, t =4.99,p <0.001). The supply chain
efficiency of 87.14% is significantly higher than the
theoretical prediction of 70.24% (one-sample Mann-
Whitney test, V = 594, p < 0.001).

We further compare the general performance
under ex-ante buyback pricing with that under ex-
post buyback pricing. The most remarkable result is
as follows. The order quantity under ex-ante buy-
back pricing is significantly lower than that under
ex-post buyback pricing (single-sided t-test,
t = —2.77,p<0.01), and so is the supply chain effi-
ciency (Mann-Whitney test, W = 299,p < 0.001).
This result is counter-intuitive. Moreover, the profits
of both the supplier and the retailer are significantly
higher under ex-post buyback pricing than those
under ex-ante buyback pricing.

4.3. Behaviors under ex-ante buyback pricing

To better understand the decision biases and social
preferences of the subjects under the ex-ante buy-
back pricing, we analyze the behaviors of suppliers
and retailers respectively.

First, the suppliers’ wholesale prices are mostly
distributed between 70 and 110 (about 87.94%), as
shown in Figure 2(a). Suppliers tend to offer a
wholesale price that is not too high relative to the
theoretically predicted value of 120. Two reasons may
contribute to the deviation. The suppliers may exhibit
advantageous fairness concern when they receive bet-
ter outcomes than the retailers and decrease the
wholesale price (Van Den Bos et al.,, 2006), or they
may worry that high wholesale prices lead to retailers’
non-cooperation behavior, namely, rejection. These



04— : . . —

Frequency
o o
N w

e
=

=il

0 20 40 60 80 100 120
Wholesale price

(a) Distribution of Wholesale Prices

JOURNAL OF THE OPERATIONAL RESEARCH SOCIETY 1217

0.2

0.151

Frequency
o

0.05

[ B

0 20 40 60 80 100 120
Buyback price

(b) Distribution of Buyback Prices

Figure 2. Distribution of wholesale prices and buyback prices under ex-ante buyback pricing.

behaviors are examined later through behavior mod-
els. Figure 2(b) shows the distribution of the buyback
price, which is simultaneously decided with the
wholesale price. The distributions of the wholesale
price and the buyback price indicate that the suppli-
ers make noisy decisions.

Figure 3 shows the relationship between the
wholesale price and the buyback price for each pair.
The triangles represent the average value of the
actual buyback prices with the corresponding whole-
sale price; the line represents the theoretical buyback
price that maximizes the supplier’s profit according
to Eq. (10) with the assumption that the retailer acts
as the optimal response. This theoretical buyback
price is higher than most of the observed buyback
price. This result can be explained by mental
accounting effect that human decision-makers are
sensitive to the sources of cash flow (Becker-Peth
et al, 2013; Thaler, 1985). In our case, suppliers
have two sources of cash flows, wholesale income
and leftover inventory buyback cost. When they
give a higher weightage to the buyback cost than
that to the wholesale income, the buyback price is
lower than that when they give equal weightage.

Second, the retailers’ average order quantity
decreases with the wholesale price, as shown in
Figure 4(a). Note that the number of 0-quantity
decisions increases when the wholesale price is
above 75. The Pearson correlation coefficient
between the ratio of 0-quantity and the wholesale
price is 0.971 (Pearson correlation test, p <0.01)
when the wholesale price is discretized with a step-
size of ten. This implies that observing a higher
wholesale price, retailers more likely give up their
profits and punish their partner suppliers. The deci-
sions of 0-quantity indicate the retailers’ fairness
concern rather than other decision biases such as
loss aversion or risk aversion because the retailers
can order the minimum realized demand of 50 to
make a certain profit. Figure 4(b) plots the observed

order quantity versus the predicted optimal order
quantity, showing that the retailer subjects mostly
order less than the predicted. Moreover, the order
quantity is scattered. The ordering decisions with a
large variance result in more stockout and more
leftover inventory costs, leading to a low supply
chain efficiency. These decision-making fluctuations
indicate that the retailers make noisy decisions.

4.4. Behaviors under ex-post buyback pricing

The suppliers’ wholesale prices mostly fall between
70 and 100 (about 88.41%), as shown in Figure 5.
The wholesale prices mainly determine the supply
chain profit allocation, because buyback prices do
not affect profit allocation except when there is left-
over inventory. A higher wholesale price means a
higher supplier profit share and a lower retailer
profit share; hence, the suppliers avoid asking high
wholesale prices that may result in retailers’ nonco-
operation, i.e., rejection.

The retailers decide order quantities after receiv-
ing the wholesale prices. In Figure 6, every dot rep-
resents actual order quantity, every triangle is the
average order quantity with the corresponding
wholesale price, and the solid line denotes the theor-
etical optimal order quantity according to Eq. (7).
The number of 0-quantity decisions increases with
the wholesale price. The Pearson correlation coeffi-
cient between the ratio of 0-quantity and the whole-
sale price is 0.780, but their correlation is not
significant (Pearson correlation test, p <1). Similar
to the ex-ante buyback pricing, the existence of 0-
quantity decisions indicates that retailers give up
their profits and punish their partner suppliers who
offer them unfair wholesale prices. It is also a sign
of fairness concern.

Davis et al. (2014) conducted experiments to
study the push contract, whose equilibrium is simi-
lar to the ex-post buyback pricing except b* = 0.
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Their observed quantity is lower than the theoretical
prediction. However, in our experiment, we observe
the opposite—the retailers’ order quantities are
higher than the theoretical prediction. This is
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(b) Order Quantity with Respect to Optimal Order Quantity

because there is no inventory buyback in their case;
but in our case, the retailers trust the suppliers to
buyback the leftover inventory, and they form a

belief of b(>0) on the possible buyback price. Based

on this belief, they order g* = F! (ﬂ), which is
p—b

higher than the theoretical

of g =F! (P*TW)

Under the ex-post buyback contract, buyback
pricing is meaningful only when there is leftover
inventory. According to Table 1, the average ex-post
buyback price is 46.76, which is significantly more
generous than 0. It is analog to trust game (Cox,
2004). We analyze the impact of the wholesale price
and the leftover inventory on the ex-post buyback
price by the linear regression; Table 2 shows the
results. There is a significant positive correlation
between the ex-post buyback price and the whole-
sale price. The suppliers with a larger profit share
offer higher buyback prices, which can be viewed as
a reward to the retailers’ trust in suppliers.
Interestingly, the correlation coefficient between the
buyback price and the leftover inventory is also

prediction
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Table 2. Regression results of the ex-post buyback price.

Variables Wholesale price Leftover

Intercept R-square F-statistic

Estimate 1.383**%(0.157) 0.294**%(0.077)

—75.053%*%(13.324) 0.192 44 45F*

*p-value < 0.1; **p-value < 0.01; ¥**p-value < 0.001.

significantly positive. The more the leftover inven-
tory is, the more the suppliers share the leftover
inventory cost, which encourages the retailers to
order more quantities.

Furthermore, we explore the dynamics of trust
and reciprocity between the supplier and the
retailer. First, for each pair we identify the round
when the retailer first trusts the supplier (i.e., order-
ing more than normative prediction of quantity),
and the round when the supplier first reciprocates
the retailer (i.e., paying an ex-post buyback price
higher than normative prediction of zero). We find
that the retailer’s trust happens in round one for 24
pairs out of 34, and the supplier’s reciprocity hap-
pens also in round one for 23 pairs among the 24.
Second, using the experimental data, we apply the
Granger non-causality test (Dumitrescu & Hurlin,
2012) to relationship between the order quantity, a
measure of trust, and the ex-post buyback price, a
measure of reciprocity. The testing results show that
the higher order quantity causes the higher ex-post
buyback price and vice versa. Appendix D provides
more details of the dynamics of the trust and the
reciprocity. The positive reinforcement between
these two behaviors leads to the result that the ex-
post buyback pricing performs much better than the
normative prediction and even better than the ex-
ante buyback pricing.

4.5. Comparison of behaviors

To help understand the observation that the ex-ante
buyback pricing performs worse than the ex-post

buyback pricing, we compare the supply chain part-
ners’ behaviors.

4.5.1. Behavior of the supplier

The wholesale price is significantly higher under ex-
ante buyback pricing than that under ex-post buy-
back pricing (single-sided t-test, t=1.64, p <0.1).
The main difference lies in the proportion of whole-
sale prices above 110 between the two contracts, as
shown in Figures 2(a) and 5. In the ex-ante buyback
pricing, the proportion is 3.41% higher than that of
the ex-post pricing (ex-ante: 4.12%, ex-post: 0.71%).
Under the ex-ante buyback pricing, the wholesale
price and the buyback price are proposed together;
the suppliers view the buyback price as a compensa-
tion already committed to the retailers, thus, they
ask a relatively high wholesale price. However,
under the ex-post buyback pricing, the suppliers do
not commit a buyback price, thus, they ask a rela-
tively lower wholesale price.

The buyback price is significantly lower under
the ex-ante buyback pricing than that under the ex-
post buyback pricing (Mann-Whitney test, W =726,
p<0.05). In the ex-ante case, when the suppliers
decide the buyback price, they face the leftover
inventory uncertain, and may view uncertain buy-
back costs as losses; they offer a low buyback price
to control the losses. However, in the ex-post case,
when the suppliers decide the buyback price, the
leftover inventory is certain, and they may consider
the buyback pricing as an opportunity to share the
retailers’ realized cost; thus they offer a high buy-
back price. The timing of buyback pricing decision
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changes the way that the suppliers account for the
buyback cost; this behavior can be characterized by
mental accounting effect.

4.5.2. Behavior of the retailer

In the retailers’ decisions of order quantity, the pro-
portion of 0-quantity is more significantly correlated
with the wholesale price under ex-ante buyback
pricing than wunder ex-post buyback pricing
(Pearson correlation coefficient of 0.971 versus
0.780). This implies that more retailers choose rejec-
tion under ex-ante buyback pricing than under ex-
post buyback pricing when they face high (unfair)
wholesale prices.

The order quantity under ex-ante buyback pric-
ing has a larger variance than that under ex-post
buyback pricing. The different variances may result
in different leftover inventory and stock-out. The
leftover inventory of 11.74 under ex-ante buyback
pricing is less than that of 13.66 under ex-post buy-
back contract (Mann-Whitney test, W =445.5,
p <0.1); while, the stock-out of 30.39 is significantly
larger under the former than that of 19.00 under
the latter (Mann-Whitney test, W =906.5, p < 0.05).
This significantly large stock-out contributes to the
lower supply chain efficiency under ex-ante buy-
back pricing.

The decision behaviors result in different supply
chain profit allocations and different profits for the
suppliers and the retailers. The average suppliers’
profit share of the supply chain is 66.08% under ex-
ante buyback pricing but 62.45% under ex-post buy-
back pricing. However, due to a higher supply chain
efficiency, we observe that both the suppliers’ and
the retailers’ profits are higher under ex-post buy-
back pricing than those under ex-ante buyback pric-
ing (suppliers’ profit: single-sided t-test, t=1.50,
p <0.1; retailers’ profit: single-sided t-test, t=2.82,
p <0.01). Therefore, the ex-post buyback pricing
should be welcomed by both parties more than the
ex-ante buyback pricing.

5. Behavioral model

Our experimental results show that mental account-
ing effect may explain the supplier’s buyback price
decision, and fairness concern may explain the
retailer’s 0-quantity decision. In this section, we use
quantitative methods to explore how the mental
accounting effect and fairness concern affect the
supply chain efficiency. Furthermore, we make an
in-depth analysis as to why the ex-post buyback
pricing performs better than the ex-ante buy-
back pricing.

5.1. Model description

We incorporate the mental accounting effect and
advantageous fairness concern in the supplier’s util-
ity, and the mental accounting effect and disadvan-
tageous fairness concern in the retailer’s. We also
use the quantal response equilibrium (QRE) model
(McKelvey & Palfrey, 1995) to capture humans’ ran-
dom choice that is shown by noisy decisions in the
experimental data. As the decisions are random var-
iables in QRE model, we use capital letter to denote
them for their corresponding deterministic deci-
sions: W for w, B for b, and Q for q.

5.1.1. Behavioral models of ex-ante
back pricing

We first model the retailer’s utility function and
decision. Considering the mental accounting and
fairness concern, the retailer has the following utility
function:

Ur(q) = Ep[pmin(q, D) — wq + 7zb(q—D)" — a(ms—mzr) "],
(11)

where yr denotes the retailer’s mental accounting
effect on buyback income. According to Chen et al.
(2013), mental accounting describes that individuals
mentally estimate the transactions based on factors
such as time or an uncertain event before making
evaluations. In our case, the retailer mentally esti-
mates the income from inventory buyback, which is
an uncertain event contingent on demand realiza-

buy-

tion. The disutility of a(ms—nz)" = o max(ms—7g,0)
is due to the retailer’s fairness concerns (Cui et al,,
2007), and mg and my follow Egs. (3) and (1),
respectively. If the supplier’s profit is higher than
the retailer’s, the retailer incurs disutility and
reduces the order quantity. According to the QRE
model, the order quantity decision—a function of
the wholesale price and the buyback price—follows
the probability distribution as below:

exp (Ur(4:)/Br)
> exp (Ur(q;)/Br)’

where g; and q; are possible values of the order
quantity, and parameter Sy characterizes the
bounded rationality of the supplier (Su, 2008). A
subject would be more rational with the decrease of
Pr. If fr — 0, the subject exhibits perfect rational-
ity, while if fr — oo, the choice of the subject is
completely random.

We proceed to model the supplier’s utility func-
tion and decision. The supplier faces stochastic
demand, as well as the stochastic quantity decision
of the retailer. Its expected utility is as follows:

Us(w, b) = Eq[Ep[(w — ¢)Q(w, b) — 75b(Q(w.b)—D) "

— M(ms—mg) "],

prob(Q(w b) = q;) = (12)

(13)



where parameter 7g characterizes the mental
accounting effect of the retailer (Chen et al., 2013)
and A measures the advantageous fairness concern
(Cui et al., 2007). Hence, the supplier may treat the
buyback value differently. According to the QRE
model, the supplier’s decision is random and follows
the distribution below:

ro — w.B=b) = exp (Us(wi b))/ Bs)
prob(W = w;, B = b;) = S5 exp (Us(o b) /B
(14)

where (w;, b;) and (wy, b)) are possible decision val-
ues, and parameter [ characterizes the bounded
rationality of the supplier which has the same prop-
erty as the retailer’s fig.

5.1.2. Behavioral models of
back pricing

We start with the supplier’s ex-post buyback price
decision in the third stage. With the realized
demand d and the leftover inventory, the supplier’s
utility function is as follows:

Us(b) = wqg—cq—b(q—d)*
+ ab(q—d)t —A(ns—mg) ", (15)

where parameter ¢ and A characterizes the reci-
procity and advantageous fairness concern, respect-
ively. With a bigger ¢ value, the supplier’s optimal
ex-post buyback is higher, that is, more generous.
This can be seen when we substitute the profits 7y
and mg by their expressions, Eq. (15) becomes the
following:

Us(b) = (1-24)wq—(1—2)cq + (o + 24—1)b(q—d)"

ex-post  buy-

+ /p min(q, d).

Moreover, we do not consider mental accounting
here. According to Chen et al. (2013), the supplier’s
decision on the buyback price occurs immediately.

The buyback price decision is a function of the
realized demand, the retailer’s order quantity, and
the supplier’s wholesale price. By QRE model, it fol-
lows the distribution below:

exp (Us(bi)/Bs)
> exp (Us(by)/Bs)’

where b; and b; are possible values of the buy-
back price.

Then, we model the retailer’s decision problem in
the second stage. As the retailer faces stochastic
demand, as well as the supplier’s stochastic buyback
price, its expected utility is as follows:

Ur(q) = Ep[Epp[p min(g, D) — wq
+ &B(w, 4, D)(q—D)" — a(ms—mp) "],
(17)

prob(B(w,q,d) = b;) = (16)
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where B|D denotes the distribution of buyback price
conditional on demand. The buyback price
B(w,q,D) is the retailer’s belief on the supplier’s
buyback price, and it characterizes the retailer’s trust
in the supplier. The retailer’s decision is a function
of the wholesale price and follows the distribution
below:

exp (Ur(qi)/Br)
> exp (Ur(qj)/Br)

Last, we model the supplier’s wholesale price
decision in the first stage. As the supplier faces sto-
chastic demand, stochastic order quantity, and sto-
chastic buyback price, its expected utility is given by

Us(w) = Ep[Eq[Ep|(p,q)[(W — ¢)Q(w)
— 75B(w, Q(w), D)(Q(w)—D)"
— A(ms—mg) " ]]l; (19)

where B|(D,Q) denotes the buyback price distribu-
tion conditional on the demand and order quantity;
parameter 7ys again characterizes the mental
accounting effect. Following the QRE model, the
wholesale price follows the probability distribution
below:

prob(Q(w) = gq;) = (18)

exp (Us(wi)/Bs)
>_; exp (Us(w;)/Bs)

prob(W = w;) = (20)

5.1.3. Maximum-likelihood estimation

We adopt the method of joint estimation (Davis
et al., 2014; Zhao et al., 2019). We use the principle
of maximum likelihood to obtain estimates of four
parameters: the mental accounting 7y, the fairness
concern o, and the bounded rationality fz and fs.
The likelihood function under ex-ante buyback pric-
ing is as follows:

33 50

L(y, o g, Bs|w, b, q) = log HH{PTOb(Wit, bir)
i=1 t=1
* prob(qic(wir bit)) }»
(21)

where wy, b, and g;, are the experimental data of
decisions of the ith subject in the tth round.

The likelihood function under ex-post buyback
pricing is as follows:

34 50

L(y, o, B, Bs|w> g, d, I;) = log H H{prob(w,-t)

i=1 t=1

* prob(gir(wir))

* prob(bi (wir, gie(wir), dir)) }
(22)
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Table 3. Estimated result under ex-ante buyback pricing.
Vs A Bs YR o Br LL BIC

Full 141 036 377.85 1.00 0.05 82817 —5264.95 10,570.19
1 (1) 033 20898 044 0.00 1286.27 —5380.87 10,795.32
2 168 (0) 72446 1.07 027 767.19 —5358.50 10,750.57
3 141 036 377.82 (1) 005 82813 —5264.95 10,563.48
4 137 039 34069 096 (0) 82032 —5268.26 10,570.09
0 (1) (0) 148824 (1) (0) 69759 —5553.56 11,120.56

The italicized numbers in parentheses are the default values.

where wy, q;; and l;,-t are the experimental data of
decisions of the ith subject in the tth round, and d;;
is the realized demand.

5.2. Parameter estimation and value of ex-post
buyback pricing

We name the model that contains all the behavior
parameters as the full model. For comparison, we
also consider sub-models where some parameters
are fixed at their default values. We evaluate the sig-
nificance of the parameters by comparing the likeli-
hood values of the models using the default values
and the full model.

5.2.1. Ex-ante buyback pricing

Table 3 shows the joint estimation results under the
ex-ante buyback pricing. The
accounting yr is not statistically significant, as
shown by comparing the likelihood values of the
full model and Model 3. All other parameters are
statistically significant by comparing the likelihood
values between the full model and sub-models. The
Bayesian information criterion (BIC) value supports
that Model 3 captures the decision behaviors. As it
is difficult to obtain closed-form solutions to the
behavioral models, we resort to numerical analysis
of the behavioral decisions. We numerically study
the sensitivity of the decisions to each statistically
significant behavioral parameter using the estima-
tion results and the behavioral models. In the study,
the parameters are fixed at the estimation values of
Model 3 in Table 3 (i.e., y3 = 1.41, A =0.36, fig =
377.82, o = 0.05, and fiz = 828.13) except the one
under sensitivity study.

The first sensitivity study is on the supplier’s
mental accounting parameter 7g, as plotted in Figure
7. Figure 7(a) shows that an increase of yg has little
impact on the wholesale price, and Figure 7(b)
shows that it causes the buyback price to decrease.
Consegently, the order quantity in Figure 7(c)
decreases in yg. At the estimated value of yg = 1.41,
the supplier over-weights the inventory buyback
costs, which is consistent with Zhang et al. (2016).
This causes the supplier to offer a buyback price
lower than the default case (i.e., y=1). Hence, the
retailer orders less than the default case, which

retailer’s mental

partly explains the supply chain efficiency lower
than the normative prediction.

The second sensitivity study is on the supplier’s
advantageous fairness concern 4, as shown in Figure
8. Figure 8(a) and 8(b) shows the sensitivity of the
wholesale and buyback prices, respectively; both pri-
ces decrease in A. The resulted order quantity in
Figure 8(c) increases in A. As the estimated value
A = 0.36 is higher than the default value of zero, the
advantageous fairness concern of the supplier should
improve the order quantity.

The third sensitivity study is on the retailer’s dis-
advantageous fairness concern parameter o. Figure
9(a) shows that the wholesale price decreases in «,
whereas Figure 9(b) shows that the buyback price is
not sensitive to «. Fairness parameter o affects the
order quantity in two ways. On one hand,
the wholesale price decreases with o, which leads to
the increase of the order quantity. On the other
hand, o directly contributes to the decrease of order
quantity according to the retailer’s utility in Eq.
(11). The combined effect of « on order quantity is
shown in Figure 9(c). When o is small, it decreases
the order quantity; however, when o is big, the
order quantity increases slightly. Nevertheless, the
variation range of order quantity is small because
the supplier adjusts the wholesale price to counter-
balance the retailer’s fairness concern.

5.2.2. Ex-post buyback pricing

Table 4 shows the joint estimation results under the
ex-post buyback pricing. Statistical testing shows
that Model 6 fits the data best, hence, it captures
the significant behaviors under the ex-post buyback
pricing. The significant behaviors are the supplier’ s
reciprocity o, advantageous fairness concern /, and
the retailer’s mental accounting yg, but not the sup-
plier’ s mental accounting ys and the retailer’ s fair-
ness concern «. We numerically study the sensitivity
of the decisions to each statistically significant
behavioral parameter using the estimation results
and the behavioral models. In the study, the param-
eters are fixed at the estimation values of Model 6
in Table 4 (i.e., 0=022, A=044, s =
328.05, yp = 0.89, and fi = 321.98) except the one
under sensitivity study.

The supplier exhibits advantageous fairness con-
cern; its effect on the decisions of the supplier and
the retailer is plotted in Figure 10. The supplier’s
wholesale price decreases in 4, because this behavior
motivates the supplier to reduce the profit difference
between the retailer and itself. The ex-post buyback
price also decreases in A. The resulted retailer s
order quantity increases in /.

The supplier also exhibits another social prefer-
ence: reciprocity with its estimated parameter value
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Table 4. Estimated result under ex-post buyback pricing.

Vs O A Bs VR % Br LL BIC
Full 0.80 0.21 045 360.97 0.90 0.00 322.95 —3963.14 7973.49
1 (1) 022 044 328.05 0.89 0.00 321.98 —3964.15 7968.76
2 015 (0) 053 46353 1.04 0.00 327.54 —3984.71 8009.89
3 000 091 (0) 57796 1.08 0.09 43500 —4123.39 8287.26
4 075 0.16 045 37071 (1) 0.00 327.33 —3966.51 7973.50
5 0.80 021 045 36097 090 (0) 32295 —3963.14 7966.75
6 (1) 022 044 32805 089 (0) 321.98 —3964.15 7962.02
7 (1) 017 044 33052 (1) (0) 32659 —3968.02 7963.02
0 (1) (0) (0) 268361 (1) (0) 439.85 —4443.19 8899.88

The italicized numbers in parentheses are the default values.

g = 0.22. The last two stages under the ex-post buy-
back pricing are analogue to the trust game: The
retailer decides order quantity without knowing the
buyback price in stage two, the supplier decides
buyback price to reward the retailer in stage three.
A higher order quantity in stage two benefits the

supplier, but puts the retailer at the risk of higher
leftover inventory. In stage three, the supplier can
voluntarily compensate the retailer by buying back
the leftover inventory. As shown in Figure 11(a)
and 11(b), reciprocity increases the buyback price,
but has little impact on the wholesale price. As
result, the reciprocity increases the retailer’s order
quantities, as shown in Figure 11(c).

The retailer exhibits significant mental accounting
effect, that is, it weighs the buyback income differently
from the sales income when it makes ordering deci-
sions. Figure 12(a) and 12(b) shows the sensitivity of
the wholesale and buyback prices, respectively. The
wholesale price slightly increases, but the buyback
price slightly decreases. The resulted order quantity
slightly increases, as shown in Figure 12(c).
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Among the three significant behaviors, the advanta-
geous fairness concern and the reciprocity are the main
drivers of the retailer’s order decision, and their com-
bined effects explain why the ex-post buyback price is
significantly larger than the theoretical prediction.

5.2.3. Comparison and value of ex-post buy-
back pricing

We compare the different impacts of supplier
behaviors on decisions under the ex-ante and ex-
post pricing. The advantageous fairness concern
(A =0.44) is stronger under the ex-post buyback
pricing than that (4 = 0.36) under the ex-ante buy-
back price; the supplier under former is more sensi-
tive to profit difference, which leads to a smaller
profit gap.

The supplier’s over-weighting on the buyback
cost lowers the buyback price under the ex-ante
buyback pricing. Under the ex-post buyback pricing
and because of its reciprocity behavior, the supplier
offers a higher buyback price than that under the
ex-ante buyback price. The reciprocity helps induce
the retailer to order a larger quantity.

The retailer exhibits fairness concern under the
ex-ante buyback pricing, but not under the ex-post
buyback pricing. The ex-post buyback pricing shifts
the retailer’s attention from fairness into trust.
Hence, the order quantity is higher under the ex-
post buyback pricing than under the ex-ante buy-
back pricing.

Moreover, fiz of value 321.98 under the ex-post
buyback pricing is smaller than that of 828.13 under



the ex-ante buyback pricing, which might be due to
the less complex setting under ex-post buyback pric-
ing (i.e., only one wholesale price decision in the
first stage of the game). This result implies that the
retailer is more rational under ex-post buyback pric-
ing, hence, its order quantity has a smaller variance.
A larger order quantity with a smaller variance
results in a significantly higher supplier chain effi-
ciency under ex-post buyback pricing than under
ex-ante buyback pricing, consequently both the sup-
plier and the retailer profits are higher as well.

6. Concluding Remarks

We examine, by experimental study, the behaviors
and performance of a supply chain operated under
either ex-ante buyback pricing or ex-post buyback
pricing in a long-term partnership. Under both pric-
ing cases, the supplier exhibits advantageous fairness
concern. However, the fairness concern is stronger
under the ex-post buyback pricing, resulting in a
lower wholesale price. The supplier exhibits mental
accounting bias of over-weighting the uncertain
buyback cost under ex-ante buyback pricing, but
reciprocity under ex-post buyback pricing; hence,
the buyback price is significantly higher under the
latter. The lower wholesale price and the higher
buyback price help induce the retailer to order a
larger order quantity under ex-post buyback pricing.
Furthermore, under ex-post buyback pricing, the
retailer trusts the supplier more, is less concerned
with fairness, and makes decisions more rationally
with less rejection. As a result, comparing with ex-
ante buyback pricing, the supply chain efficiency is
significantly higher under ex-post buyback pricing,
and so are the retailer’ s and the supplier’ s profits.

Due to social preferences and decision biases,
most contracts cannot coordinate the supply chain
in practice. This study demonstrates that ex-post
buyback pricing performs better than ex-ante buy-
back pricing in the presence of behavioral preferen-
ces. For supply chain managers, the buyback
contract based on ex-post buyback pricing is a
viable alternative to the contract based on ex-ante
buyback pricing as ex-post buyback pricing results
in higher profit for both supply chain partners. But
this approach may also have limitations. Our study
points to a few future research directions. First, our
experiment is based on fixed matching, a future
study may investigate the ex-post buyback pricing
based on random matching. Second, our contract
parameters are not adjusted based on the behavioral
preference, another future study may design prefer-
ence-dependent contracts to improve the supply
chain efficiency.
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Appendix A: Proofs: The equilibrium of the
ex-ante buyback pricing for every given
wholesale price w

Supposing that demand follows a uniform distribution on
[D, D], we solve the retailer’s decision problem firstly.

According to Lariviere (1999), the optimal solution of
Eq. (1) is

" «(D-D) +D. (A.1)

p—>b
Let y *I; 7. Then we have ye€[0,1]. That is, w=
p—(p—b)y = yb+ (1—y)p, 0 < b < p. The supplier’s deci-

sion function is as follows.

Maxy> e b>0ms (W, b) = Ep [(w—c)q" (w, b)—b(q—D) "]

= (D= D)y(yb—(1—-y)p—c)
1
+ D(p—(p=b)y—c)= (D—D)by*
(A.2)
Because w < w, we have yb + (1—y)p < w. Then,
p—w -
by <p———,y¢€ —1 (A.3)
y=PTTY { p }
0 b 1
nsa(i ) 2 (D-D)y + Dy > 0 (A4)

The optimal b* will be achieved on the boundary. Hence,
p—w

b =p—"—o. (A.5)
g y

Taking the derivative of y,

87‘[5()/,19 ) — _ — 1 - _

Ty = (D= D)(w—c)=(D=D)py +5 (D= D)(p—)

1,
=5 (D=D)(w=2¢=2py + p)

(A.6)

Making _B”Sgy, &) — 0, we have y* = p—+gvpfzc.

If y* > PI_TW’ we have
2 W—2 W—p—2
_ 2p—i— C,W* :w’y*:p—i-w C,b* _ 3w 7p Cp.
3 2p p+w—2c

(A7)

Table C.1. Pearson’s production-moment correlation.
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If y* < W, we have
5 e
w<pJ; Cw—my =L 0 (A8
To sum up, the equilibrium is as follows.
If w>2%, the equilibium is w"=w, b* =

3w—p—2c (W 2c)(D-D)+p(D+D) | __ p2
pv—2c pq % i If c<w <55~ the
equilibrium is w* = w, b* =0, ¢* = W.

Appendix B: Proofs: The equilibrium of the
ex-post buyback pricing

Supposing that demand follows a uniform distribution on
[D, D], we solve the retailer’s decision problem firstly.
According to Sec. 3.2, b*=0 and q* = F! (;%W .
Thus, g* =2 £+(D-D) +D.
The suppher s decision problem is transformed as
follows.

MaXy>yw>Ts(w) = Ep [(w—c)q*]
= (w0 (D-D) +D). (B
Taking the derivative of w,
Ons(w) _p2wH C(D_Q) +D. (B2)
Bw
Making <5 ans =0, we have w* = %.
Ifw> %, we have
If w< %, we have
Wi g = PTDEWD (B.4)

p

Appendix C: Time effect

With all data, we test the time effect by using Pearson
correlation analysis of the decisions and time (i.e., round),
and the result is shown in Table C.1 below. Under ex-
ante buyback pricing, wholesale price exhibits statistically
significant time trend (i.e, p-value < 0.5), but buyback
price and order quantity do not. Under ex-post buyback
pricing, we observe the same result.

However, the time trend effect is not significant for all
decisions in both buyback cases when we test the effect
using the data of the last 25 rounds, as also shown in
Table C.1. Because our research objective is to understand
the stable decision behaviors in the one short game, we
use the last 25 rounds of stable decisions to estimate the
behavioral parameters; the estimation results and their

Ex-ante buyback pricing

Ex-post buyback pricing

Wholesale Buyback Order Wholesale Buyback Order
price price quantity price price quantity

All the Coeffcient —0.064 0.000 0.048 0.063 0.127 0.034
data p-value 0.009 0.146 0.050 0.009 0.057 0.157
Data of the Coeffcient —0.066 0.052 0.056 —0.014 0.011 —0.015
last 25 round p-value 0.057 0.134 0.109 0.674 0.834 0.671
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Table C.2. Comparison between the ex-ante buyback pricing and the ex-post buyback pricing.

All data Data in the last 25 round

Ex-ante buyback pricing Ex-post buyback pricing Ex-ante buyback pricing Ex-post buyback pricing
n 1650 1700 825 850
Wholesale price 87.90[7.59]** 83.09[7.96] 87.22[11.65]*** 83.52[10.23]
Buyback price 40.39[20.72] 46.76[28.91]*** 43.61[28.42] 47.56[34.60]*
Order quantity 79.52[22.07]** 93.53[13.19] 81.14[36.63] 94.46[23.22]***
Normative order quantity 97.29[31.22]%** 80.76[8.34] 98.89[22.59]*** 80.40[8.53]
Quantity = 0(%) 8.18 1.29 7.29 1.06
Leftover 10.51[7.44] 12.03[19.12] 11.74[20.53] 13.66[20.75]*
Stockout 30.99[16.68]*** 18.50[8.21] 30.40[36.07]*** 19.00[25.13]
Supplier’s profit 3904.63[1225.96] 4313.07(713.98]* 3895.00[1958.72] 4285.36[1441.26]***
Retailer’s profit 1991.25[758.01] 2661.00[778.52]*** 1999.29[1587.33] 2577.20[1632.59]***
Efficiency 74.87(17.44] 88.56[7.81]*** 74.85(36.49] 87.14[30.16]***

*p-value < 0.1; ¥*p-value < 0.01; ***p-value < 0.001.

implications are updated accordingly in Subsec. 5.2. The
estimates are very close to those of using all the data in
Table C.2, and their qualitative implications are not dif-
ferent from those obtained using all the data.

Appendix D: The causation between the
order quantity and the ex-post
buyback price

Using all experimental data, we analyze the development
of trust and trustworthiness (i.e., reciprocity) behavior
over time per pair, and then examine the causal relation-
ship between the higher order quantity and higher ex-
post buybacks in the ex-post buyback case.

First, we analyze when trust and reciprocity behaviors
start per pair by comparing the observed decisions with
the normative theory predictions. The retailer shows trust
behavior if its order quantity is higher than prediction of
the normative theory Eq. (7) in Sec. 3.2. The supplier
shows trustworthiness behavior if its ex-post buyback
price is higher than zero, which is the normative predic-
tion. Table D.1 below shows the starting round of trust
and reciprocity. In 24 pairs out of 34, the retailers start to
trust suppliers in the first round, and among the 24 pairs,
23 suppliers show reciprocity. In the pairs without reci-
procity, the retailers no longer trust suppliers in the next
few rounds. In ten pairs, the suppliers first show

Table D.1. The start round of trust and reciprocity.

trustworthiness, and then the retailers trust suppliers in
the following rounds. In all other pairs except pair no. 24,
the retailers start trust first, which is followed by the sup-
plier’s trustworthiness.

Second, we examine the causal relationship between
the retailer’s trust and the supplier’s trustworthiness. We
apply the concept of Granger causality (Granger, 1969),
which is a statistical test of causality based on prediction.
If X Granger-causes Y, then past values of X should con-
tain information that helps predict Y above and beyond
the information contained in past values of Y alone. We
use the Granger non-causality test (Dumitrescu & Hurlin,
2012) to check the causal relationship between the order
quantity and the ex-post buyback price. We choose the
optimal number of period lags by Bayesian information
criterion for the tests. Two hypotheses are tested using
the experimental data. The first is that the ex-post buy-
back price does not Granger-cause the order quantity.
This hypothesis is rejected because the testing shows Z =
10.842 and a p-value less than 0.05; hence, the ex-post
buyback price does Granger-cause the order quantity at
least one group. The second hypothesis is that the order
quantity does not Granger-cause the ex-post buyback
price. It is also rejected because the testing shows Z =
3.062 and a p-value less than 0.05; therefore, the data
supports that the higher order quantity Granger-causes
the high prior ex-post buyback price.

Group 1 2 3 4 5 6 7 8 9
When the trust starts 1 1 1 1 1 1 1 1 1
*The difference 833 16.67 25 40.83 16.67 26.67 20 25 16.67
When the reciprocity starts 1 1 1 1 1 1 1 1 1
Ex-post buyback price 20 80 20 50 15 30 20 10 30
Group 10 1 12 13 14 15 16 17 18
When the trust starts 1 1 1 1 1 1 1 1 1
The difference 5 8.3 12.5 6.67 12.5 30.83 16.67 25 75
When the reciprocity starts 8 1 1 1 1 1 1 1 1
Ex-post buyback price 60 10 20 13 10 25 5 20 80
Group 19 20 21 22 23 24 25 26 27
When the trust starts 1 1 1 1 1 1 2 2 2
The difference 12.5 16.67 325 15 12.5 25 18.33 25 25
When the reciprocity starts 1 1 1 1 1 49 1 8° 6°
Ex-post buyback price 10 40 60 15 5 1 10 10 1
Group 28 29 30 31 32 33 34

When the trust starts 3 3 3 4 5 12 27

The difference 25 28.33 16.67 25 25 25 8.33

When the reciprocity starts 1 1 1 1 1 8° 1

Ex-post buyback price 8 5 20 10 20 60 37

The difference between the experimental order quantity and the normative order quantity according to Eq. (7) in the round that the retailer first

exhibits trust.

®The round number is also the first time when there is leftover inventory.
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