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Abstract

We study a dyadic supply chain with firms following the Rawlsian principle of
fairness and examine its impact on chain performance and firms’ profits. Differ-
ent from the inequality-aversion model in the distributional fairness literature, the
participants with the Rawlsian fairness concern maximize the profit of the disad-
vantageous party according to their own fairness criteria. Our results show that
the Rawlsian principle adopted by individual firms can achieve not only fairness
but also Pareto efficiency. By studying both push and pull supply chains, we find
that what matters is the decision sequence between the manufacturer and the re-
tailer. The fair-minded Stackelberg follower can induce the Stackelberg leader, no
matter fair-minded or not, to offer a coordinating wholesale price. The chain co-
ordination can be achieved only if the follower is not too demanding (i.e., it does
not demand an excessively high portion of chain profit according to its fairness
criterion). Additionally, a win-win outcome can be achieved, provided the follower
is not too humble. All else being equal, the win-win region is larger with a higher
demand uncertainty. Last but not least, we compare our results with those under
the inequality-averse fairness model on a push supply chain and find that the pa-
rameter ranges of coordination and win-win are wider when the participants follow
the Rawlsian principle of fairness.

Key words: supply chain management; fairness; the Rawlsian principle; win-win;

1 Introduction

Since increasingly more enterprises attach greater importance to establishing stable and
healthy supply chain relationships, fairness is widely observed in the interactions of supply
chain partners. Li-Ning, China’s largest sportswear corporation, spent more than 2,000
billion dollars to back dead stocks from its downstream distributers. Wens, a top 5-ranked
poultry company in the world, offered all upstream farmers with a bottom guaranteed
income, and provided raw materials and free techniques to them (Hu, 2016). Similarly,
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Starbucks announced on its official website that Starbucks Global Farmer Fund had
been founded to loan money to farmers who need support in agronomy, restoration, and
infrastructure. The company also shared free planting techniques and donated coffee
trees to upstream coffee farmers (Real and Percell, 2018). We find that all these firms
help their partners to increase profits if the latter’s profits are low.

Motivated by these cases, we introduce the Rawlsian utility which follows the Rawlsian
principle into the supply chain context. The Rawlsian principle (Rawls, 1971) is one of
the well-established fairness criteria in welfare economics. It measures a society’s welfare
according to the utility of the individual at a disadvantage. This principle is widely used
to capture fairness in solving social welfare problems (Hey and Lambert, 1980; Yaari,
1981), network design and scheduling problems. Allalouf and Shavitt (2004) adopt the
Rawlsian utility to account for a combined problem of multi-path routing and bandwidth
allocation. Agnetis et al. (2019) investigate the concept of “price of fairness” in resource
allocation and study both Rawlsian and proportionally fair solutions in a two-agent single-
machine scheduling problem. These papers study how the central planner fairly allocates
resources or arranges working procedures following the Rawlsian principle. In contrast,
this paper is the first to our knowledge to apply this principle to individual decisions in
the supply chain context. In our model, the firm with the Rawlsian utility maximizes the
payoff of the party at a disadvantage according to its own fairness criterion, as the above
cases unveiled.

In recent years, fairness has drawn great attention in the area of operations man-
agement and supply chain management. Cui et al. (2007) are the first to study fairness
in supply chain by adopting the inequality-aversion model to describe fairness. This
model originates from the distributive fairness literature in economics. Afterward, the
inequality-aversion model is experimentally tested to describe human being’s fairness be-
havior at an aggregated level, but it fails at the individual level (Blanco et al., 2011;
Katok et al., 2014). Due to the heterogeneity of people’s preferences for fairness, which
may range from utilitarian to Rawlsian to perfectly selfish (Andreoni and Miller, 2002),
there is a need of research on other types of fairness preference. The participants with
Rawlsian fairness try to improve the profit of the party they perceive at a disadvantage,
and hence, they either maximize their own profits or the counterparties’ profits. How-
ever, inequity-averse participants may impair the counterparties’ profits in their efforts
to achieve fairness.

Our paper attempts to explore the Rawlsian preference from the following aspects.
First, how does the Rawlsian preference of fair-minded participants affect the supply chain
performance and individual profitability? In particular, can chain coordination and win-
win be achieved? If so, when? Second, how do the supply chain characteristics, such
as demand uncertainty and the decision sequence of supply chain partners, influence the
results? To examine the impact of the decision sequence, we study both a push supply
chain and a pull supply chain, in which the manufacturer’s and the retailer’s decision
sequences and their relative power are different. In a push supply chain, manufacturers
charge wholesale prices and only produce the quantities that retailers pre-order, thereby
leaving all inventory risk to retailers. This is analogous to the relationships between a
large-scale manufacturer and its distributors in the Li-Ning’s example above. Similar
cases can also be found in the automaker-dealer relationships. However, in a pull supply
chain, manufacturers decide production quantities without knowing retailers’ orders, and
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retailers place orders in the selling season, leaving inventory risk to manufacturers. Pull
supply chains are widely observed between small suppliers and branded manufacturers
or companies such as Wens and Starbucks in the above cases. Since both types of supply
chains are common in practice, we examine whether the effects of the Rawlsian preference
are consistent in both chains.

Our results show that the role of manufacturer or retailer does not matter and what
matters is the decision sequence between the two parties. Supply chain coordination can
be achieved if and only if the Stackelberg follower is not too demanding. Conditional on
this, win-win is realized if the follower is not too humble. We also conduct a numerical
study to examine the impact of demand variability on supply chain performance. Our
results show that the win-win region expands with the increase in demand uncertainty.
Moreover, we compare our results with those in Cui et al. (2007) and find that under both
Rawlsian and inequity-aversion preferences, supply chain performance highly depends on
the follower’s equity parameter. The parameter ranges achieving coordination or win-win
are wider if the participants are Rawlsian than if they are inequality averse.

The remainder of this paper is organized as follows. In Section 2, we provide a
literature review. Sections 3 and 4 study the effects of Rawlsian fairness in a push and a
pull supply chain, respectively. We provide a summary of our main findings in Section 5.
In the Appendices are the proofs of some propositions and important equations.

2 Literature review

Our paper applies the Rawlsian principle to a decentralized supply chain. There are three
streams of literature related to our paper.

An enormous body of economics literature discusses fairness and its impact on player
decisions and performance. Distributive fairness relates to division of benefits and bur-
dens among a group where each person has its own ideal division that he/she feels fair
(Frazier et al., 1988). There are two major types of models in this realm. One is the
inequity-aversion model assuming that people pursue fairness due to aversion of profit
inequality (Fehr and Schmidt, 1999). Consequently, people may act in a jealous man-
ner by damaging others’ profits when they perceive unfair outcomes. The other is the
social welfare preference model in which fair-minded people care about social surplus
and are keen to help the players at a disadvantage (Charness and Rabin, 2002; Charness
and Grosskopf, 2001; Andreoni and Miller, 2002). This literature has contrasting ex-
perimental findings with the inequity-aversion theory by indicating that people are more
concerned with increasing social welfare than reducing wealth difference. Bolton and Ock-
enfels (2000) show by experiments that many subjects sacrifice own interests to prevent
unequal outcomes. Charness and Rabin (2002) show by experiments that few subjects
sacrifice money to reduce inequality by lowering other subjects’ payoffs. Furthermore,
participants may even sacrifice for those who are richer than themselves if such sacrifice
is efficient and inexpensive. Andreoni and Miller (2002) interpret the players who equal-
ize payoffs to be pursuing social welfare preference rather than inequity aversion. The
authors point out that inequity-aversion preference shows jealousy or spite and that only
a minority of subjects has such preference. By revealing the individual heterogeneity on
fairness, they demonstrate the importance of addressing fairness on the individual level.
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Intention-based fairness is another kind of fairness in which people like to help those who
help them and hurt those who hurt them (Rabin, 1993). Similarly, a peer-induced fair-
minded person perceives fairness by comparing its payoff with others (Campbell, 1999;
Clark and Oswald, 1996). The Rawlsian fairness considered in this paper is more related
to distributive fairness, and its key feature is the introduction of the Rawlsian principle
(Rawls, 1971) in individuals’ decision making.

The second stream is the papers discussing fairness in supply chains. As is pointed out
in the previous section, distributive fairness is the main type of fairness in this stream.
Cui et al. (2007) study the inequity-aversion fairness in a supply chain and show that the
profit-maximizing manufacturer can coordinate the chain with a constant wholesale price
if the retailer is sufficiently averse to the profit inequality. They discuss both the unilateral
case (only the retailer is fair-minded) and the bilateral case (both the manufacturer and
the retailer are fair-minded). The results show that chain coordination can be realized in
the unilateral fairness case and becomes harder in the bilateral case. The authors point
out that conflicting fairness standards can be a source of frictions in channel interactions.
Although inequity-averse participants behave fairly by punishing profit inequalities, their
punishments on disadvantageous and advantageous inequality have different impacts on
both participants’ profits. When at a disadvantage, they decrease counterparties’ payoffs
to shorten the wealth gap. When the counterparties are at a disadvantage, however,
inequity-averse participants will not decrease their own profits. Cui et al. (2007) have been
further generalized from the linear demand function to a nonlinear demand function by
Demirag et al. (2010) and from deterministic demand to a newsvendor model with random
demand by Wu and Niederhoff (2014). Wu and Niederhoff (2014) find that the conditions
for coordination under inequity-aversion preferences require that the retailer must care
as much or more about the supplier’s payoff as his own when he faces advantageous
inequity. That is, the supply chain coordination conditions under inequity aversion are
quite restrictive.

Ho and Su (2009) and Ho et al. (2014) apply the peer-induced fairness to a supply chain
structure that contains a single supplier and two retailers. The core difference between
the two papers is the model of supplier-retailer interaction, which is an ultimatum game
in Ho and Su (2009) and a pricing game in Ho et al. (2014). Under different games, the
profit comparison of the two retailers are reversed in the equilibrium, which indicates
the importance of context in considering fairness concerns. Similar to these papers,
participants in our model also have their own equity standards, which are referred to as
fairness criteria. In contrast, we focus on the participants who are Rawlsians, i.e., they
pursue fairness by following the Rawlsian principle.

Chen et al. (2017) consider a dyadic supply chain in which the participants make
commitments to guarantee the counterparties’ bottom lines of profitability. The results
show that win-win can be achieved under mutual commitments, which can be interpreted
as reciprocality. Similar to this literature, the participants in our paper also care about the
counterparties’ profits. However, the key difference is that we focus on the participants’
fairness behaviors while mutual commitments are attributed to altruistic behaviors.

In recent years, empirical studies have shown that the impacts of a contract type
on supply chain efficiency are not consistent with what the theory predicts (Schweitzer
and Cachon, 2000; Katok and Wu, 2009). Katok and Wu (2009) find by experiments
that buy-back contract and revenue-sharing contract do not result in the same supply
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chain performance, although they are equivalent in mathematics. The difference, which is
attributed to the bounded rationality in their study, can be reduced by education. Follow-
up studies reconcile the difference of contract efficiency between theory and experiment by
individuals’ fairness concern and conduct experiments to test the hypotheses (Niederhoff
and Kouvelis, 2016; Katok and Pavlov, 2013; Qin et al., 2016). They provide experimental
evidences for that individuals with fairness concern tend to be altruistic other than spiteful
in supply chain interactions. Therefore, it is meaningful to study Rawlsian fairness in
supply chain models. One stream of empirical literature investigates suppliers’ fairness
concern under full information. Niederhoff and Kouvelis (2016) consider five between-
subject treatments underlying different demand distributions. They show that suppliers
with a high degree of fairness concern try to approach their ideal allocations of channel
profits in their decision making. One interesting finding is that although there exist
highly spiteful suppliers who may hurt supply chain performance, few subjects have
motivations to act upon such preference. Niederhoff and Kouvelis (2019) examine the
effects of suppliers’ fairness concern as well as risk preference under both wholesale price
and revenue sharing contracts. They conclude that choices of contract structure should
not solely rely on theoretical results, but also incorporate decision makers’ behavioral
preferences.

Another stream of empirical literature focuses on fairness concern with incomplete
information. In Katok and Pavlov (2013), retailers’ fairness concern could be private
information. They find under the minimum-order-quantity contract that while retailers
care deeply about fairness, only a minimal evidence of fairness concern is found from
suppliers. Suppliers under complete information always extract more profits than under
asymmetric information. Suppliers’ fairness concern is only reflected in the case where
they offer a little bit more profits to human retailers than to computers. Katok et al.
(2014) extend the previous study to wholesale-price contract and find that the equilib-
rium is robust against the asymmetric information of retailer’s fairness concern. They
estimate retailer’s equity parameter γ and interestingly find that retailer’s equitable profit
turns out to be lower than supplier’s profit. They also find that supply chain performance
under wholesale-price contract is very sensitive to γ. Qin et al. (2016) study the role of
private production-cost information in fairness models. They show that under private
information, retailers’ fairness concern is suppressed since they cannot observe the coun-
terparties’ profit information. Nevertheless, suppliers still show fairness concern possibly
due to altruism.

The third stream is the literature on decentralized supply chains. We use the models in
Lariviere and Porteus (2001) and Cachon (2004) as benchmarks without fairness concern.
Both papers demonstrate efficiency loss due to double marginalization (Spengler, 1950)
in a newsvendor setting. Lariviere and Porteus (2001) study a push supply chain (i.e.,
selling to the newsvendor) with the supplier as the Stackelberg leader. Cachon (2004)
proposes a pull supply chain in which the retailer is the Stackelberg leader that proposes
the wholesale price and the manufacturer decides the production quantity. We introduce
the Rawlsian fairness concern to the two models and study the fairness impacts on both
types of supply chains.
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3 Push supply chain

Consider a two-tier supply chain in which a retailer (she) sources goods from a manufac-
turer (he) with marginal production cost c and then sells goods in the final market with
fixed price p. We introduce Rawlsian fairness into a “push” supply chain (Lariviere and
Porteus, 2001) in this section and study its impact.

3.1 Model description

Before discussing the Rawlsian fairness in the push supply chain, we repeat some standard
assumptions and results in Lariviere and Porteus (2001). The manufacturer (“M” for
short), as a Stackelberg leader, first decides the wholesale price w charged to the retailer
(“R” for short) to maximize his profit πM . Given w, the retailer orders q units to maximize
her profit πR. The retailer’s demand ξ is stochastic with a continuous and differentiable
cumulative distribution function (CDF) F (·) and a positive probability density function
(PDF) f(·). Denote the complementary CDF as F̄ (·) and the inverse CDF as F−1(·). The
generalized failure rate is g(q) = qf(q)/F̄ (q). Assume F (·) is of increasing generalized
failure rate (IGFR), i.e., g(q) increases in q. All the parameters including c, p, and
F (·) are assumed to be common knowledge. The retailer’s expected profit is πR(w, q) =
pE[min{ξ, q}]−wq = pS(q)−wq where S(q) =

∫ q
0
F̄ (x)dx, and the manufacturer’s profit

is πM(w, q) = (w − c)q. For simplicity, we assume that the salvage value of the unsold
goods is zero. Relaxing this assumption will not change the results. The retailer’s best
response given w is q1(w) = F−1((p− w)/p). Anticipating the retailer’s best response, the
manufacturer optimizes “w”. The resulting equilibrium wholesale price is w0 = pF̄ (q0)
and the equilibrium order quantity, q0, satisfies F̄ (q0)(1 − g(q0)) = c/p. Denote the
manufacturer’s, the retailer’s, and the chain profit in the decentralized supply chain as
π0
M = πM(w0, q0), π0

R = πR(w0, q0), and π0
C = π0

M +π0
R, respectively. The maximum chain

profit, or the coordinating chain profit, denoted as π∗, is achieved at the coordinating
quantity, q∗ = F−1((p− c)/p); correspondingly, π∗ = p

∫ q∗
0
F̄ (x)dx−cq∗. Throughout the

paper, the push supply chain where both the manufacturer and the retailer are profit-
maximizers is referred to as the “traditional” push supply chain.

In the Rawlsian fairness model, fair-minded participants maximize the profit of the
disadvantageous according to their own fairness criteria. A fair-minded manufacturer’s
utility function is

uM = min{πM , µπR},

where µ > 0 is the manufacturer’s equity parameter and µπR is his equitable outcome.
When πM < µπR, he feels at a disadvantage and when πM > µπR, he feels at an advantage.
Only when πM = µπR does the manufacturer achieve his fairness criterion. Rewrite this
criterion as πM

πM+πR
= µ

1+µ
, which indicates the manufacturer’s ideal portion of chain profit

allocated to himself. A larger µ means that the manufacturer believes he should share
more chain profit.

Denote µ0 = π0
M/π

0
R as the ratio of the manufacturer’s equilibrium profit to the

retailer’s in the traditional push supply chain. If µ ≤ µ0, the manufacturer “humbly”
concedes that he should share a portion of chain profit no larger than what he receives
in the traditional push chain. If µ > µ0, the manufacturer is “demanding” and believes
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that he deserves a larger profit share than in the traditional case. The notation in the
push supply chain is listed in Table 1.

Table 1: Summary of Notation

Symbol Description: TCC (resp. TDC) = traditional centralized (resp. decen-
tralized) chain

πM manufacturer’s profit
πR retailer’s profit
q∗ optimal order quantity in the TCC
π∗ optimal chain profit in the TCC
w0 manufacturer’s wholesale price at equilibrium in the TDC
q0 retailer’s order quantity at equilibrium in the TDC
π0
M manufacturer’s profit at equilibrium in the TDC
π0
R retailer’s profit at equilibrium in the TDC
π0
C the TDC profit at equilibrium
µ0 ratio of the manufacturer’s profit to retailer’s at equilibrium in the TDC
γ0 ratio of the retailer’s profit to manufacturer’s at equilibrium in the TDC

Under the Rawlsian utility function, maximizing the manufacturer’s utility uM is
equivalent to maximizing the smaller value between the manufacturer’s profit and his
equitable outcome (which is linear to the retailer’s profit). That is, the manufacturer’s
utility is determined by the profit of the party at a disadvantage from the manufacturer’s
perspective.

Similarly, the fair-minded retailer’s utility function is given by

uR = min{πR, γπM},

where γ > 0 is the retailer’s equity parameter and γπM is her equitable outcome. As γ
increases, the retailer’s ideal chain profit allocation to herself, γ

1+γ
, also increases. Denote

γ0 = 1/µ0, which is the ratio of the retailer’s equilibrium profit to the manufacturer’s
in the traditional push supply chain. The retailer is “humble” when γ ≤ γ0 and is
“demanding” when γ > γ0.

3.2 A neutral manufacturer selling to a fair-minded retailer

Consider the setting where the retailer is fair-minded but the manufacturer is neutral,
denoted for short by “(neutral M, fair-minded R)”. We first examine the sign of πR−γπM .
Taking the derivative with respect to q, we obtain

∂(πR − γπM)

∂q
= pF̄ (q)− (1 + γ)w + γc,

which is decreasing in q, and thus, πR − γπM is concave in q. If p ≤ (1 + γ)w − γc,

then ∂(πR−γπM )
∂q

≤ 0. That is, πR − γπM is decreasing in q. Since (πR − γπM)|q=0 = 0,
πR− γπM ≤ 0, and then uR = πR. Thus, the retailer’s problem is identical to that in the
traditional setting and the optimal order quantity is q1(w) = F−1(p−w

p
).
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If p > (1 + γ)w − γc, then πR − γπM is maximized at q = q̄(w) = F−1(p−(1+γ)w+γc
p

).

Thus, πR − γπM increases in q for q < q̄(w) and decreases for q ≥ q̄(w). Since (πR −
γπM)|q=0 = 0, there exists a q0(w) > q̄(w) such that πR = γπM at q0(w), πR ≥ γπM for
q ≤ q0(w), and πR ≤ γπM for q ≥ q0(w).

When q ≤ q0(w), uR = γπM = γ(w − c)q. Since uR is linearly increasing in q,
arg maxq≤q0(w) uR = q0(w). That is, once the retailer aims to maximize the manufacturer’s
profit, it will choose a quantity as large as possible so that the boundary condition
πR = γπM holds at q0(w), i.e., the retailer achieves her fair outcome. When q ≥ q0(w),
uR = πR, which is concave and maximized at q0(w)∨ q1(w). Combining the two intervals
of q, we derive the retailer’s best response function as follows:

qf (w) = max{q0(w), q1(w)}. (1)

To solve the manufacturer’s problem, we first derive the retailer’s inverse best response
curve. The inverse of q0(w) and q1(w) are w0(q) = pS(q)+γcq

(1+γ)q
and w1(q) = pF̄ (q), respec-

tively. After some analysis, as provided in the appendix, equation (1) can be rewritten
as

wf (q) =

{
w1(q), 0 < q ≤ q̂,

w0(q), q ≥ q̂,
(2)

where q̂ satisfies I1(q̂) = 0 with I1(q) = p
∫ q

0
S(q) + γcq − (1 + γ)pqF̄ (q).

Based on the retailer’s inverse fair response function, the neutral manufacturer max-
imizes his profit by choosing q,

max
q

πM(q) =

{(
pF̄ (q)− c

)
q, 0 < q ≤ q̂,

1
1+γ

(pS(q)− cq), q > q̂.
(3)

When q ≤ q̂ (or equivalently w ≥ ŵ = pF̄ (q̂)), the retailer maximizes her own profit.
Therefore, the manufacturer’s profit function is the same as that in the traditional push
chain. Thus, the local optimal point to maximize πM(q) given q ≤ q̂ is q̂∧q0. When q > q̂
(or equivalently w < ŵ), the retailer achieves her fairness goal, i.e., πR = γπM . Thus,
when the manufacturer chooses q to maximize his own profit, the supply chain profit is
also maximized. That is, the local optimal point for πM(q) given q > q̂ is q̂ ∨ q∗ = q∗ (it
has been shown that q̂ < q∗ always holds).

Based on the results for the two intervals of q ≤ q̂ and q > q̂, we find that the
manufacturer’s optimal induced quantity relies on the relative magnitude of q̂ and q0. If
q̂ ≤ q0, then the optimal quantity to induce is q∗. If q̂ > q0, the optimal quantity to
induce is either q0 or q∗, depending on which leads to a larger profit for the manufacturer.
At quantity q∗, the manufacturer earns 1/(1+γ) portion of the coordinated chain’s profit.
When γ is small enough, the manufacturer’s profit is sufficiently large so that it is larger
than the profit earned by inducing quantity q0. Therefore, by defining γ̃ = π∗/π0

M − 1,
we have the following proposition.

Proposition 1 For the push supply chain with a neutral manufacturer and a fair-minded
retailer, the equilibrium order quantity and wholesale price (qf , wf (qf )) are: (i) (q0, w0)
if γ > γ̃; (ii) (q∗, w0(q∗)) and (q0, w0) if γ = γ̃; and (iii) (q∗, w0(q∗)) if γ < γ̃.
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For the retailer with γ > γ̃, the manufacturer earns less than the traditional profit,
π0
M , if the chain profit is allocated according to the retailer’s fairness criterion. Thus,

he has no incentive to charge a wholesale price lower than ŵ for the retailer to achieve
her fairness criterion. As a result, the manufacturer’s optimal solution is to charge the
traditional wholesale price w0 and induce the quantity q0. For the retailer with γ < γ̃,
the manufacturer earns more than π0

M by setting the wholesale price at w0(q∗). Note that
at w0(q∗), the chain coordinating quantity q∗ is induced, and furthermore, the retailer’s
fairness criterion is achieved, i.e., πR = γπM . Since both the chain profit and the manu-
facturer’s fixed proportion of it are maximized, w0(q∗) is the optimal wholesale price to
charge for the manufacturer. Correspondingly, the manufacturer and the retailer earn
1/ (1 + γ) and γ/ (1 + γ) portion of the coordinated chain profit π∗, respectively. As γ
increases, w0(q∗) decreases and the manufacturer’s profit also decreases. For the retailer
with γ = γ̃, the manufacturer earns exactly π0

M if he charges the wholesale price w0(q∗)
that induces the coordinating quantity q∗. In this case, both w0(q∗) and wd are optimal
solutions to the manufacturer, and there are two equilibria.

Proposition 1 indicates that the neutral manufacturer is always willing to reduce the
wholesale price to induce the coordinating quantity q∗, if the fair-minded retailer is not
too demanding. Otherwise, the equilibrium is the same as that in the traditional setting.

By comparing the push supply chain with the fair-minded retailer with the traditional
supply chain, we find the win-win condition in the following proposition.

Proposition 2 Compared to the firms’ profits in the traditional push supply chain, the
retailer’s Rawlsian fairness can improve both the manufacturer’s and her profits when
γ̄ < γ < γ̃, where γ̄ = π0

R/(π
∗ − π0

R).

Proposition 2 indicates that a neutral manufacturer and a fair-minded retailer can
achieve the win-win outcome if and only if the retailer pursues fairness with a moderate
degree. If the retailer is too demanding (γ > γ̃), the manufacturer prefers to induce the
traditional quantity, and no one is better off compared to the traditional setting. If the
retailer is too humble (γ < γ̄), the retailer is worse off even though both the manufacturer
and the supply chain performance are improved.

Figure 1 demonstrates how the equilibrium firms’ and chain profits change with γ.
When γ̃ ≤ 1 (Figure 1(a) and (b)), the retailer’s profit can never exceed the manu-

facturer’s even if she is fair-minded. Otherwise (Figure 1(c)), she can earn a larger profit
than the manufacturer does if γ is within an intermediate range, i.e., γ ∈ (1, γ̃). Since the
manufacturer always captures the majority of π0

C for many common distributions of the
demand in the traditional case (Lariviere and Porteus, 2001), the fairness concern on the
retailer side provides her a dominant position on chain profit allocation if γ̃ could be larger
than 1. Noting that γ̃ = π∗/π0

M − 1, γ̃ > 1 implies that π0
M/π

∗ < 1/2. Numerical study
in Lariviere and Porteus (2001) shows that, under the gamma distribution, π0

M/π
∗ < 1/2

is possible if the CV of the demand goes beyond 1 across all cost structures (c/p). That
is, γ̃ can exceed 1 if the CV of the demand is large enough. In the meanwhile, π0

M/π
0
C is

always larger than 1/2. This result is consistent with ours in Figure 2 in that γ̃ is larger
than 1 when the CV of the demand is larger than 0.6 under the normal distribution.

Figure 1 also shows that both the retailer’s and chain’s profits drop at γ = γ̃. This
is due to the switch from the chain coordinating equilibrium to the traditional decentral-
ized equilibrium. That is, when the retailer is too demanding with a very high equity
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(a) γ̃ < 1 (b) γ̃ = 1

(c) γ̃ > 1

Figure 1: The equilibrium profits of fair-minded R, neutral M and the chain

parameter, she can never align her interests with the manufacturer’s.
To better understand how the demand uncertainty affects the chain efficiency and

the win-win region, we conduct a numerical study by considering the truncated normal
demand distribution, NT (µ, σ2), with the negative part truncated. To study the impact
of demand variability, we fix c = 5, p = 20, and the mean of demand at 100, and only
adjust the CV of the demand distribution for all possible values of γ. The results are
shown in Figure 2.

Figure 2 shows that the γ ∼ CV region can be divided into two parts by the curve
γ̃(CV ), one with the equilibrium order quantity q0 and the other the coordinating quan-
tity q∗. The win-win region (γ̄ < γ < γ̃) always exists even with a very low demand
variability.

With the increase in the CV, the win-win region expands. For a wide range of demand
variability, γ̃ < 1 holds. That is, mostly a humble retailer can incentivize a neutral
manufacturer to choose q∗. However, as the demand uncertainty increases to a sufficiently
high level, it is possible that the manufacturer still provides a demanding retailer with q∗

by tolerating the consequence that the retailer will share a larger portion of total profit.
Thus, the retailer, as a follower, may reverse her relative position with the manufacturer
from weak to strong if the demand is sufficiently uncertain.

3.3 A fair-minded manufacturer selling to a neutral retailer

We now consider another setting with a fair-minded manufacturer and a neutral retailer,
denoted by “(fair-minded M, neutral R)”. Substituting the retailer’s inverse best response
function w(q) = pF̄ (q) into the retailer’s and the manufacturer’s profits, respectively, we
obtain π̄R(q) = p

∫ q
0
F̄ (x)dx − pqF̄ (q) and π̄M(q) = pqF̄ (q) − cq. Knowing this, the
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Figure 2: Impact of demand variability and retailer’s equity parameter on push chain
performance

fair-minded manufacturer chooses q to maximize its utility,

uM(q) = min{πM , µπR} =

{
µπ̄R(q), q ≤ q̂0,

π̄M(q), q > q̂0,
(4)

where q̂0 is the unique solution to π̄M(q) = µπ̄R(q) for q > 0. When 0 < q < q̂0, duM/dq =
µpqf(q) > 0; that is, uM increases in q. When q > q̂0, duM/dq = pF̄ (q)(1− g(q))− c; in
this case, uM is unimodal with the maximum point q = q0. Therefore, the manufacturer’s
optimal solution is qf = q̂0 ∨ q0. By further analysis, we have the following proposition.

Proposition 3 For the push supply chain (fair-minded M, neutral R), the unique equi-
librium (qf , wf ) is (q̂0, w0(q̂0)) if µ ≤ 1/γ0, and (q0, w0) otherwise. If qf = q̂0, then
q̂0 > q0, the manufacturer’s equilibrium profit πfM ≤ π0

M and the retailer’s equilibrium
profit πfR ≥ π0

R.

Recall that µ0 = 1/γ0 = π0
M/π

0
R. Proposition 3 indicates that only a humble man-

ufacturer may influence the chain performance when facing a neutral retailer. For any
wholesale price above c , the retailer will always choose a quantity below q∗ to maximize
her own profit. Thus, channel coordination cannot be achieved in this case. Only a
humble manufacturer (µ ≤ 1/γ0) will reduce the wholesale price to induce q̂0, which is
greater than q0, to meet his fairness criterion. Although a greater quantity leads to a
larger pie of market demand, the humble manufacturer is worse off.

Comparing the results with those in Proposition 1 for the push supply chain with a
neutral manufacturer and fair-minded retailer, it can be found that the retailer’s fairness
concern is more effective than the manufacturer’s in two aspects: a) The fair-minded
retailer can achieve her fairness criterion as long as she is not too demanding. In other
words, it is not necessary for the retailer to be humble to improve supply chain per-
formance. However, the manufacturer’s fairness concern takes effect only when he is
humble. b) Supply chain coordination and win-win are possible when only the retailer
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is fair-minded, but are impossible when only the manufacturer is fair-minded. Facing a
fair-minded retailer, the neutral manufacturer may coordinate the supply chain by charg-
ing an appropriate wholesale price. Furthermore, win-win outcomes are guaranteed if the
retailer’s fairness parameter γ is moderate. However, the manufacturer’s fairness concern
can only improve the retailer’s profit at the expense of his own and thus win-win would
never happen.

3.4 Both the manufacturer and the retailer fair-minded

So far, we have considered the unilateral fairness concern by either the manufacturer or
the retailer. In this section, we address the bilateral case in which both players are fair-
minded, denoted for short by “(fair-minded M and R)”. Since each fair-minded player has
his/her own fairness criterion, the difference between their ideal allocations of chain profit
plays an important role in chain interactions. The retailer with an equitable outcome γπM
considers γ

1+γ
as the ideal profit allocation to herself. However, the manufacturer with

an equitable outcome µπR considers 1
1+µ

as the ideal allocation of chain profit to the

retailer. The difference between γ
1+γ

and 1
1+µ

, referred to as the conflict over the ideal

profit allocation to the retailer, is equal to µγ−1
(1+γ)(1+µ)

. By symmetry, the conflict over

the ideal profit allocation to the manufacturer (i.e., manufacturer’s ideal allocation to
himself minus the retailer’s ideal allocation to the manufacturer) is the same. Therefore,
we call a supply chain with µγ ≤ 1 as a “harmonious” supply chain since both players
are “humble” by deeming that the profit allocation to himself/herself is overestimated by
the counterparty in a fairness sense. In contrast, a supply chain with µγ > 1 is regarded
as an “acrimonious” supply chain in that both “demanding” players think that the profit
allocation to himself/herself is underestimated by the counterparty.

The fair-minded retailer’s inverse best response function is still given in equation (2),
based on which the fair-minded manufacturer chooses q to maximize the following utility
function,

uM(q) = min{πM , µπR} =

{
min{π̄M(q), µπ̄R(q)}, 0 < q ≤ q̂,
θ

1+γ
(pS(q)− cq), q > q̂,

where θ = min{µγ, 1}, π̄R(q) and π̄M(q) are given right before equation (4), and q̂ is
given right below equation (2). Recall that when induced quantity q ≤ q̂, the retailer
maximizes her own profit; when q > q̂, the retailer achieves her fair criterion, i.e., πR =
γπM . Solving the above problem, we derive the equilibrium in Proposition 4. Define
γ̂(µ) = π∗/π̄M(q̂0) − 1, where q̂0 is the unique solution to π̄M(q) = µπ̄R(q) given the
retailer is a traditional profit maximizer. It can be shown that γ̂(µ) decreases in µ.

Proposition 4 For a push supply chain with fair-minded M and R, the equilibria are
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Figure 3: The equilibriums for the push chain (fair-minded M and R)

given by

(qf , wf ) =



(q0, w0), if µ > 1/γ0 & γ > γ̃;

(q∗, w0(q∗)) & (q0, w0), if µ > 1/γ0 & γ = γ̃;

(q∗, w0(q∗)), if µ > 1/γ0 & γ < γ̃,

or if µ ≤ 1/γ0 & γ < γ̂(µ);

(q∗, w0(q∗)) & (q̂0, w0(q̂0)), if µ ≤ 1/γ0 & γ = γ̂(µ);

(q̂0, w0(q̂0)), if µ ≤ 1/γ0 & γ > γ̂(µ).

Furthermore, when γ ∈ (γ̄, γ̃), both the manufacturer and the retailer obtain larger profits
than in the traditional case, i.e., win-win is achieved.

Figure 3 provides a clear picture of the equilibria for different values of µ and γ.
When µ > 1/γ0, the manufacturer by no means reduces the wholesale price out of his
own fairness concern since his ideal allocation of chain profit to himself is larger than
that in the traditional case. In other words, he actually acts as a neutral decision maker.
For γ ≤ γ̃, the retailer’s fairness concern can align the manufacturer’s interest with that
of the whole chain (referred to as retailer-driving effect) and thus the supply chain is
coordinated. The equilibrium is then divided into two regions by γ = γ̃ as Proposition 1
shows.

When µ ≤ 1/γ0, the manufacturer is intrinsically willing to lower the wholesale price
regardless of the retailer’s fairness concern (referred to as self-driving effect). Thus, the
wholesale price in equilibrium is no larger than w0(q̂0). Facing such a manufacturer, even a
very demanding retailer (γ > γ̂(µ)) may order q̂0 instead of q0, and the chain profit is split
according to the manufacturer’s fairness criterion. That is, the self-driving effect reduces
the manufacturer’s profit from π0

M to π̄M(q̂0). Furthermore, it increases the upper bound
of the coordination region from γ̃ to γ̂(µ). Therefore, the equilibrium is divided into two
regions by γ = γ̂(µ). For γ < γ̂(µ), the supply chain is coordinated. For γ > γ̂(µ), the
retailer-driving effect is ineffective and the induced equilibrium order quantity is q̂0. For
γ = γ̂(µ), there are two equilibria, q∗ and q̂0, under which the manufacturer earns the
same profit.

Comparing Figure 3 with the results in the case where only the retailer considers
fairness, we find that, when the manufacturer is also fair-minded, the range of γ that
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coordinates the supply chain is widened from γ ≤ γ̃ to γ ≤ γ̂(µ) if µ ≤ 1/γ0. Within this
region, both parties’ fairness jointly influences the chain performance, and the retailer
has the ability to split the chain profit according to her own fairness criterion. When
µ ≤ 1/γ0 and γ > γ̂(µ), only the manufacturer’s fairness affects the supply chain since
the retailer is too demanding. According to Proposition 3, both the retailer and the
chain profits arise whereas the manufacturer’s decreases in this case. The figure also
demonstrates that a harmonious supply chain (γ ≤ 1/µ) can always be coordinated.

To conclude our consideration for push supply chains in this section, we summarize
our findings in the following two theorems.

Theorem 1 A fair-minded retailer with moderate fairness criterion, i.e., γ ∈ (γ̄, γ̃), can
always induce the manufacturer, no matter he is fair-minded or not, to offer a wholesale
price that not only coordinates the push supply chain but also achieves win-win.

When γ < γ̃, the manufacturer is always willing to offer the coordinating wholesale
price due to the retailer-driving effect. Influenced by this effect, the chain profit is al-
located to both participants according to the retailer’s fairness criterion. Furthermore,
γ > γ̄ guarantees that the retailer can earn more profits than she does in the traditional
case.

The Rawlsian principle has been widely used to capture fairness in solving social
welfare problems, and typically there exists a tradeoff between fairness and social welfare,
i.e., fairness is pursued at the expense of social welfare (Hey and Lambert 1980, Yaari
1981). By introducing the Rawlsian principle into a decentralized supply chain setting,
we surprisingly find that this principle has remarkable impacts on the game between two
decision makers. Interestingly, individuals’ fairness and social welfare are not necessarily
a tradeoff, as stated in the following theorem.

Theorem 2 In a push supply chain, when the Rawlsian principle is adopted by individual
decision makers other than a central planner, not only may it bring fairness but also social
welfare improvement.

4 Pull supply chain

In the above study of a push supply chain, we find that the retailer’s fairness concern
has a more profound effect than the manufacturer’s fairness concern. In this section, we
study a pull supply chain to examine whether such results are robust under a setting
with contrasting relative power between the manufacturer and the retailer.

4.1 Model description

Cachon (2004) proposes a pull supply chain in which the downstream retailer becomes
the Stackelberg leader who proposes a wholesale price w to the upstream manufacturer,
and the manufacturer is the follower who decides the production quantity q. After de-
mand realization, the retailer orders the needed products from the manufacturer. All
assumptions about the random demand are the same as in the push chain. The man-
ufacturer’s expected profit is π̃M(w, q) = wS(q) − cq and the retailer’s expected profit
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is π̃R(w, q) = (p − w)S(q) with S(q) =
∫ q

0
F̄ (x)dx. For a given w, the manufacturer’s

best response is q̃1(w) = F̄−1(c/w), which can be rewritten as w = c/F̄ (q). Anticipating
this, the retailer decides the wholesale price w. Instead of working with w, we derive the
retailer’s optimal quantity to induce at the manufacturer by substituting w = c/F̄ (q) into
π̃R(w, q). The resulting optimal production quantity that maximizes π̃R(w, q), q̃0, satisfies
pF̄ (q̃0)− cf(q̃0)S(q̃0)/F̄ 2(q̃0) = c. The corresponding wholesale price w̃0 = c/F̄ (q̃0).

Denote π̃0
M and π̃0

R as the manufacturer’s and the retailer’s optimal profit in the tra-
ditional decentralized pull supply chain, respectively. Moreover, the optimal production
quantity in a centralized chain, q̃∗, is equal to F̄−1(c/p). Thus, the maximum chain profit
is π̃∗ = pS(q̃∗) − cq̃∗. Similar to the previous section, we denote µ̃0 = π̃0

M/π̃
0
R. µ ≤ µ̃0

(resp. γ ≤ 1/µ̃0) indicates that the manufacturer (resp. the retailer) is humble, and
otherwise, the manufacturer (resp. the retailer) is demanding.

4.2 A neutral retailer buying from a fair-minded manufacturer

As a fair-minded decision maker, the manufacturer chooses the production quantity by
maximizing the following utility function (please see the details in the appendix),

max
q
uM = min{π̃M , µπ̃R}

=

{
wS(q)− cq, w ≤ µp+c

1+µ
, or q ≥ q̃0(w) and w > µp+c

1+µ
,

µ(p− w)S(q), q < q̃0(w) and w > µp+c
1+µ

,
(5)

where q̃0(w) satisfies π̃M = µπ̃R. For w ≤ µp+c
1+µ

, π̃M ≤ µπ̃R holds; hence, uM = π̃M ,

which is shown in the Appendix to be unimodal with its peak achieved at q = q̃1(w). For
w > µp+c

1+µ
, π̃M ≤ µπ̃R if q ≥ q̃0(w), and π̃M > µπ̃R otherwise. When q < q̃0(w), uM = µπ̃R

is increasing in q. When q ≥ q̃0(w), uM = π̃M is unimodal. Combining the above two
cases, we derive the manufacturer’s optimal choice as q̃0(w) ∨ q̃1(w). For tractability,
we work with the manufacturer’s inverse best response as follows (see the Appendix for
details):

w(q) =

{
w1(q), q ≤ q̃,

w0(q) ∨ w1(q), q > q̃,
(6)

where w1(q) = c/F̄ (q) and w0(q) = cq
(1+µ)S(q)

+ µp
1+µ

.
Anticipating the manufacturer’s inverse best response, the neutral retailer chooses w,

or equivalently q, to maximize her own profit,

π̃R(q) = (p− w)S(q) =

{
pS(q)− cS(q)

F̄ (q)
, 0 < q ≤ q̃,

1
1+µ

(pS(q)− cq), q > q̃.
(7)

After some calculation, we obtain the following equilibrium results. Define µ̃′0 =
π̃∗/π̃0

R − 1.

Proposition 1′ In a pull supply chain with a fair-minded manufacturer and a neutral
retailer, the equilibria (qf , wf ) are (q̃∗, w0(q̃∗)) if µ < µ̃′0, (q̃∗, w0(q̃∗)) and (q̃0, w̃0) if
µ = µ̃′0, and (q̃0, w̃0) if µ > µ̃′0.
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If the optimal quantity qf = q̃∗, the supply chain is coordinated, the manufacturer’s
optimal profit is πfM = π̃∗

1+γ
, and the retailer’s optimal profit is πfR = γπ̃∗

1+γ
. If the optimal

quantity qf = q̃0, both the manufacturer and the retailer obtain the same profits as in
the traditional case.

Interestingly, the results in Proposition 1′ are similar to those in Proposition 1 in terms
of the result structure. That is, the fair-minded follower manufacturer in a pull supply
chain plays a similar role to the fair-minded follower retailer in a push supply chain.
With this observation, it is not difficult to understand that the underlying intuition
behind Proposition 1′ is also similar to that under Proposition 1, and hence, we omit the
discussion. Next, we check the win-win conditions. Define µ̄0 = π̃0

M/(π̃
∗ − π̃0

M).

Proposition 2′ Compared to the firms’ profits in the traditional pull supply chain, the
manufacturer’s Rawlsian fairness can improve both firms’ profits when µ̄0 < µ < µ̃′0.

The above result is again similar to Proposition 2 for a push supply chain. These
results indicate that a fair-minded Stackelberg follower can always motivate a neutral
Stackelberg leader to offer a coordinating wholesale price as long as the follower is not too
demanding. The win-win regions, γ̄ < γ < γ̃ for a push supply chain and µ̄0 < µ < µ̃′0 for
a pull supply chain, imply that both players’ profits can be improved if only the follower
pursues a moderate fairness (neither too humble nor too demanding).

Similar to our earlier study on push supply chains, we conduct a numerical study to
examine the effects of demand uncertainty on the chain efficiency and the win-win region.
We also use the truncated normal demand distribution, NT (a, b2), and fix c = 5, p = 20,
the mean of demand at 100, and only adjust the CV of the demand distribution for all
possible values of µ. The results are illustrated in Figure 4.
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Figure 4: Impact of demand variability and manufacturer’s equity parameter on pull
chain performance

Similar to the pattern in Figure 2, Figure 4 shows that the µ-CV region can be divided
into two parts by the curve µ̃′0(CV ), one with the equilibrium order quantity q̃0 and the
other the coordinating quantity q̃∗. The win-win region (µ̄0 < µ < µ̃′0) always exists even
with a very low demand variability. In the pull supply chain, the win-win region also
expands with the increase in the CV. The only difference is that the expansion speed of
the win-win region is lower in the pull chain than that in the push chain.
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4.3 A fair-minded retailer buying from a neutral manufacturer

We then consider the case where the retailer is unilaterally concerned with fairness in a
pull supply chain. Given the neutral manufacturer’s inverse best response w(q) = w1(q),
the retailer chooses the quantity to induce to maximize her utility,

uR = min{π̃R(q), γπ̃M(q)} =

{
γπM(q), q ≤ q̃0,

πR(q), q > q̃0,

where πR(q) = pS(q)− cS(q)

F̄ (q)
, πM(q) = cS(q)

F̄ (q)
− cq, and q̃0 satisfies πR(q) = γπM(q). Since

πM(q) is increasing in q and πR(q) is unimodal with its maximum achieved at q̃0, the
equilibrium quantity that maximizes uR is qf = q̃0 ∨ q̃0. By comparing q̃0 with q̃0, we
have the following proposition.

Proposition 3′ In a pull supply chain with a neutral manufacturer and a fair-minded
retailer, the equilibrium (qf , wf ) is (q̃0, w0(q̃0)) if γ ≤ 1/µ̃0, and (q̃0, w̃0) otherwise. When
qf = q̃0, we must have q̃0 > q̃0, πfM ≤ π̃0

M and πfR ≥ π̃0
R.

The above results are similar to those in the push chain with a fair-minded manufac-
turer and a neutral retailer in Proposition 3. Building upon the results in Propositions 3
and 3′, we find that, when facing a neutral follower, the fair-minded leader’s fairness con-
cern plays a role only when it is humble, i.e., it requires a portion of chain profit not larger
than the portion it earns in a traditional neutral supply chain. When the fair-minded
leader’s fairness plays a role, it improves the follower’s profit at the expense of the leader
itself. Therefore, the leader’s unilateral fairness concern can never lead to win-win for
both parties.

4.4 Both the manufacturer and the retailer fair-minded

We further explore the impact of the bilateral fairness concern in the pull supply chain.
Anticipating the manufacturer’s fair best response w(q) = w0(q) in equation (6), the fair-
minded retailer chooses the quantity to induce q by charging the corresponding wholesale
price to maximize the following utility,

uR = min{π̃R, γπ̃M} =

{
min{γπM(q), πR(q)}, q ≤ q̃,
θ

1+µ
(pS(q)− cq), q > q̃.

Solving the above problem, we have the equilibria in the following proposition. Define
µ̂0(γ) = π̃∗/πR(q̃0)− 1.

Proposition 4′ For a pull supply chain with a fair-minded manufacturer and retailer,
the equilibria are given by

(qf , wf ) =



(q̃∗, w0(q̃∗)), if γ ≤ 1/µ̃0 & µ < µ̂0(γ),

or if γ > 1/µ̃0 & µ < µ̃′0;

(q̃0, w̃0), if γ > 1/µ̃0 & µ > µ̃′0;

(q̃∗, w0(q̃∗)) & (q̃0, w̃0), if γ > 1/µ̃0 & µ = µ̃′0;

(q̃0, w0(q̃0)), if γ ≤ 1/µ̃0 & µ > µ̂0(γ);

(q̃∗, w0(q̃∗)) & (q̃0, w0(q̃0)), if γ ≤ 1/µ̃0 & µ = µ̂0(γ).
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Furthermore, when µ ∈ (µ̄0, µ̃
′
0), both the manufacturer and the retailer obtain larger

profits than in the traditional case, i.e., win-win is achieved.

Figure 5 illustrates the equilibrium order quantity in Proposition 4′. Interestingly,
Figure 5 for the pull supply chain has the same pattern as Figure 3 for the push supply
chain, except that the manufacturer (resp. retailer) in the push supply chain plays a
similar role to the retailer (resp. manufacturer) in the pull supply chain. This will be
elaborated further in the next section.
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Figure 5: Impacts of the equity parameters on the pull supply chain performance

To conclude this section, we summarize our findings on pull supply chains in the
following two theorems similar to Theorems 1 and 2.

Theorem 1′ A fair-minded manufacturer with moderate fairness criterion, i.e., µ ∈
(µ̄0, µ̃

′
0), can always induce the retailer, no matter she is fair-minded or not, to offer a

wholesale price that not only coordinates the pull supply chain but also achieves win-win.

Theorem 2′ In a pull supply chain, when the Rawlsian principle is adopted by individual
decision makers other than a central planner, not only may it bring fairness but also social
welfare improvement.

In comparison between Theorem 1 and Theorem 1′, we find that what matters is not
the role of manufacturer or retailer, but the decision sequence between the two parties.

5 Conclusions and discussions

As observed at the end of the preceding section, what matters in the interaction with the
fairness concern is the supply chain structure, i.e., who are the Stackelberg leader and
follower. The Stackelberg follower’s fairness concern has a deeper impact on the supply
chain performance than that of the leader. A follower with a moderate fairness criterion
can always motivate the leader, regardless of being neutral or fair-minded, to set a lower
wholesale price that not only coordinates the supply chain but also achieves a win-win
outcome. However, the leader’s fairness concern alone will sacrifice his own profit to the
benefit of the follower, and hence win-win is impossible. In short, we have the following
theorem.
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Theorem 3 The fairness concern from the follower is necessary for a push or pull supply
chain to achieve coordination or win-win. On the other hand, double marginalization can
be eliminated only when the follower aligns her interest with that of the leader.

If the demand follows a uniform distribution with support [a, b], our results are similar
to those under deterministic demand with demand function D = a − bp. Then we can
compare our results with those in Cui et al. (2007) in Table 2.

Table 2: Result comparison between Cui et al. (2007) and this paper

Cui et al. (2007) This paper

Neutral M &
fair-minded R

For any γ, win-win is impossi-
ble if retailer’s disadvantageous
inequity parameter β ≤ 1/2;

Win-win is achieved if and only if
1/3 < γ < 1.

when β > 1/2, the range of γ for
win-win is no wider than 1/3 <
γ < 1 (or win-win region is a sub-
set of 1/3 < γ < 1).

Fair-minded
M & R

Harmonious supply chain (µγ <
1) is not always coordinated;

Harmonious supply chain is al-
ways coordinated;

coordination condition in “neu-
tral M, fair-minded R” is the nec-
essary but not sufficient condi-
tion of chain coordination in “fair-
minded M and R”, i.e., chain co-
ordination becomes harder when
manufacturer is also fair-minded;

coordination condition in “neu-
tral M, fair-minded R” is the
sufficient but unnecessary condi-
tion of chain coordination in “fair-
minded M and R”, i.e., chain co-
ordination becomes easier when
manufacturer is also fair-minded;

for any γ, win-win is conditional
on not only the retailer’s but also
the manufacturer’s inequity pa-
rameters.

win-win is achieved if and only if
1/3 < γ < 1.

We can see from Table 2 that under both fairness preferences, Rawlsian and inequality-
averse, the performance of a push supply chain in terms of supply chain coordination
and win-win is highly related to the retailer’s equity parameter γ. Both supply chain
coordination and win-win are easier to achieve under the Rawlsian preference than under
the inequality-averse preference. The difference is more pronounced if both participants
are fair-minded. To understand the difference, note that individuals with the Rawlsian
preference will make a direct effort to maximize the counterparties’ profits to their fairness
criteria when they feel at an advantage. In contrast, individuals with the inequality-averse
preference make a partial effort in pursuing their fair allocation in the sense that they
also maximize their own profits in reducing the inequity. Cui et al. (2007) point out that
conflicting fairness standards (i.e., fairness criteria in this paper) make chain coordination
harder to achieve under bilateral fairness concern than under retailer’s unilateral fairness
concern. We show that the Rawlsian preference can mitigate or even eliminate such
conflict. A Rawlsian manufacturer sets the profit-maximizing wholesale price when it
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feels at a disadvantage, which does not affect the retailer’s initial fairness judgement
on profit allocation. As a result, reduced supply chain performance due to conflicting
fairness criteria is avoided. On the contrary, under the inequality-averse preference, a
highly spiteful manufacturer may increase the wholesale price, which may turn a retailer
who feels generous in the traditional setting to be a spiteful one and hence result in the
conflict.

Now let us summarize our main findings on both push and pull supply chains in
Table 3, where “leader” and “follower” are abbreviated as “L” and “F”, respectively.
From these findings we make the following four important observations.

Table 3: Summary of main results under Rawlsian fairness

Chain
coordination Win-win

Follower and
chain profit
improvement
(no win-win)

Same as
traditional
results

Neutral L & push γ ≤ γ̃ γ̄ < γ < γ̃ – γ ≥ γ̃
fair-minded F pull µ ≤ µ̃′0 µ̄0 < µ < µ̃′0 – µ ≥ µ̃′0

Fair-minded L push – – µ ≤ 1/γ0 µ > 1/γ0

& neutral F pull – – γ ≤ 1/µ̃0 γ > 1/µ̃0

Fair-minded push γ ≤ max{γ̃, γ̂(µ)} γ̄ < γ < γ̃ µ ≤ 1/γ0 µ > 1/γ0

L & F & γ ≥ γ̂(µ) & γ ≥ γ̃
pull µ ≤ max{µ̃′0, µ̂0(γ)} µ̄0 < µ < µ̃′0 γ ≤ 1/µ̃0 γ > 1/µ̃0

& µ ≥ µ̂0(γ) & µ ≥ µ̃′0

Firstly, in a two-tier supply chain, the unilateral fairness concern from the Stackelberg
follower has much deeper impact on chain performance than that from the leader. When
the follower is fair-minded, the chain can be coordinated if she is not too demanding (i.e.,
she does not demand a too high portion of chain profit according to her fair criterion),
and win-win can be further achieved if she is not too humble (i.e., she does not demand a
too low portion of chain profit according to her fairness criterion). When only the leader
is fair-minded, however, neither chain coordination nor win-win can be achieved, because
the leader’s profit is always hurt though the chain profit is improved.

Secondly, when the follower is too demanding, the follower will not align its incentive
with the leader’s even when the leader charges the coordinating wholesale price. As
a result, double marginalization occurs and the leader has to raise the wholesale price
sharply to offset the profit loss due to the reduced quantity.

Thirdly, the higher the demand uncertainty is, the larger the win-win region. This
implies that the Rawlsian fairness concern is more likely to benefit the supply chain
performance when the demand uncertainty is high.

Last but not least, when a participant follows the Rawlsian principle, it may motivate
the neutral counterparty to behave in a fair and kind manner, which improves the social
welfare. In social welfare theory, the Rawlsian principle adopted by a central planner will
sacrifice social welfare for the sake of fairness. However, we find that this principle can
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succeed in both fairness and social welfare improvement in a decentralized supply chain
where participants take this principle.

There are experimental results supporting our findings. The empirical works by
Niederhoff and Kouvelis (2016), Katok and Pavlov (2013) and Qin et al. (2016) pro-
vide evidence for that fair-minded suppliers exhibit altruism to human counterparties.
Moreover, our finding that the performance of a push supply chain highly relies on the
retailer’s equity parameter γ is also experimentally supported by Katok et al. (2014).
Given that both participants are fair-minded with inequality-averse preference, Katok
et al. (2014) find that a push supply chain is either coordinated under sufficient fairness
concern or is equivalent to the traditional profit-maximizing situation, if the supplier is
not sufficiently advantageous-inequality averse. It implies that, regardless of the type
of a supplier’s fairness preference, supply chain coordination is achieved only when the
supplier’s fairness is almost equivalent to altruism. Even when individuals are strongly
averse to disadvantageous inequality, Niederhoff and Kouvelis (2016) find that people are
more likely to show generosity than spite. This supports our use of the simpler Rawlsian
utility function to capture fairness concern.

Our work in this paper sheds some light on how fairness preference should be applied
in supply chain interactions. Intuitively, we may take it for granted that the powerful
leader should first show fairness concern over the vulnerable follower. However, our results
show that the leader’s unilateral fairness behavior always reduces his own profit and fails
to achieve chain coordination or win-win. Therefore, the leader should initially seek
for the followers who can align their interests with it. We can find cases in practice that
strong leaders take time to select and foster suppliers by implementing unified production
standards. It is an effective approach to align the followers’ interests with the mutual
benefit.

As to the followers who crave for fair treatments from the leaders, it is crucial for them
to weigh their own values accurately and set reasonable fairness criteria. If the follower’s
equitable portion of chain profit is too high, its fairness preference is ineffective for improv-
ing chain performance or individual profits. In addition, they should reveal their fairness
concern so that the leaders may provide fair contracts. However, in practice, it takes time
for the leader to identify the follower’s fairness preference and adjust their policy, and
hence the vulnerable follower may bear the loss if they take fairness-concerned actions in
advance. Effective communication is needed to overcome this challenge. Fairness cannot
lead to win-win without the followers’ efforts.

In terms of further research, analytically, we may further consider the case where a
firm’s fairness criterion is private information and study how it affects the chain perfor-
mance. The reciprocity can be considered to examine its impact on each participant’s
decision and performance. Moreover, our theoretical results generate several hypotheses
for experimental tests. First, we may choose subjects who are experienced in supply
chain management to examine if the Rawlsian fairness is a better fit for those experts
than other fairness preferences, such as inequality aversion. Second, we could have two
groups of subjects, with respective roles of manufacturers and retailers, and study the
effect of different decision sequences. Then, we swap the roles of the two groups un-
der the same decision sequence to examine whether the decision sequence or the roles
of manufacturer/retailer matter. Third, we vary demand volatility from low to high to
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examine if both the coordination and win-win regions are wider with the increase of
demand uncertainty. Finally, it would be intriguing to investigate whether individuals’
fairness preferences may evolve in the direction of altruism, e.g., from inequality averse
to Rawlsian, through repeated supply chain games, which imply long-term supply chain
relationships.
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Appendix A: Proof of equations

Proof of Equation (2). w1(q) and w0(q) are the inverse functions of q1(w) and q0(w)
in equation (1), respectively. Since dw1/dq = −pf(q) < 0, w1(q) decreases in q. Taking

the first-order derivative of w0(q) with respect to q, we have dw0/dq =
pqF̄ (q)−p

∫ q
0 F̄ (x)dx

(1+γ)q2
.

Thus, dw0/dq ≤ 0 for q ≥ 0, which indicates that w0(q) also decreases in q.
If w ≥ p+γc

1+γ
, q0(w) = 0 < q1(w). Thus, the inverse function of equation (1) is

wf (q) = w1(q) if q ≤ F−1
(
γ(p−c)
(1+γ)p

)
, or wf (q) = w0(q) ∨ w1(q) if q > F−1

(
γ(p−c)
(1+γ)p

)
.

Since w0(q)−w1(q) = I1(q)/(1 + γ)q, we compare w0(q) and w1(q) by examining the
sign of I1(q).

dI1

dq
= −γpF̄ (q) + (1 + γ)pqf(q) + γc = −γpF̄ (q)(1− (1 + γ)g(q)/γ) + γc.

As g(q) is IGFR, there exists a qo that satisfies 1 − (1 + γ)g(qo)/γ = 0. When q ≥ qo,
1 − (1 + γ)g(q)/γ ≤ 0, and thus, dI1(q)/dq > 0. When q < qo, both 1 − (1 + γ)g(q)/γ
and F̄ (q) are positive and decreasing in q. Thus, dI1(q)/dq increases in q. Since dI1

dq
|q=0 =

−γ(p−c) < 0 and dI1
dq
|q=qo = γc > 0, there exists a unique qoo that satisfies dI1(q)/dq = 0.

When q < qoo, dI1(q)/dq < 0 and I1(q) decreases in q; when q > qoo, dI1(q)/dq > 0 and
I1(q) increases in q. Since I1(0) = 0 and

lim
q→+∞

I1 = lim
q→+∞

q · lim
q→+∞

(
p
∫ q

0
F̄ (x)dx

q
+ γc− (1 + γ)pF̄ (q)

)
= γc · lim

q→+∞
q = +∞,

there exists a unique positive q̂ that satisfies I1(q̂) = 0. When F−1
(
γ(p−c)
(1+γ)p

)
< q ≤ q̂,

I1 ≤ 0 so that w0(q) ≤ w1(q); when q ≥ q̂, I1 ≥ 0 so that w0(q) ≥ w1(q). Since

limq→0w0(q) = (p+γc)/(1+γ), w0(q) < w1(q) if q ≤ F−1
(
γ(p−c)
(1+γ)p

)
. Thus, w0(q)∨w1(q) =

w1(q) if q ≤ q̂ and w0(q) ∨ w1(q) = w0(q) otherwise.

Proof of Equation (5). Denote H0(w, q) = π̃M − µπ̃R = (1 + µ)wS(q) − µps(q).
Then ∂H0/∂q = ((1 + µ)w− µp)F̄ (q)− c, which is decreasing in q. If (1 + µ)w− µp ≤ 0,
w ≤ (µp + c)/(1 + µ). In this case, ∂H0/∂q ≤ 0. Since H0|q=0 = 0, H0 ≤ 0, and thus,
π̃M ≤ µπ̃R for all q ≥ 0. If w > (µp + c)/(1 + µ), there exists a q̂(w) that satisfies
∂H0/∂q = 0. When q ≤ q̂(w), ∂H0/∂q ≥ 0; when q > q̂(w), ∂H0/∂q < 0. Thus, there
exists a q̃0(w) that satisfies H0 = 0. When q < q̃0(w), H0 ≥ 0 and thus π̃M ≥ µπ̃R. When
q ≥ q̃0(w), H0 ≤ 0 and thus π̃M ≤ µπ̃R.

Proof of Equation (6). When 0 ≤ q ≤ F̄−1
(

(1+µ)c
(µp+c)

)
, the inverse best response is

w1(q). When q > F̄−1
(

(1+µ)c
(µp+c)

)
, the inverse best response is w1(q) ∧ w0(q). dw0(q)/dq =

c(S(q) − qF̄ (q))/(1 + µ)S2(q). Since d(S(q) − qF̄ (q))/dq = qf(q) ≥ 0 and S(q) −
qF̄ (q)|q=0 = 0, S(q)− qF̄ (q) ≥ 0. Thus, w0(q) is increasing in q. Since w1(q) = c/F̄ (q) is
also increasing in q, the inverse function of q

0
(w) ∨ q̃1(w) is w0(q) ∧ w1(q). Let

w0(q)− w1(q) =
cqF̄ (q) + µpS(q)F̄ (q)− c(1 + µ)S(q)

(1 + µ)S(q)F̄ (q)
=

L1(q)

(1 + µ)S(q)F̄ (q)
.
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Note that dL1(q)/dq = µpF̄ 2(q)(1− L0(q))− cµF̄ (q), where

L0(q) =
cqf(q)

µpF̄ 2(q)
+
S(q)f(q)

F̄ 2(q)
. (8)

The first term on the right-hand side of equation (8) is cqf(q)

µpF̄ 2(q)
= cg(q)

µpF̄ (q)
, which is increasing

in q since g(q) is increasing in q. The second term on the right-hand side of equation (8)
is also increasing in q (Cachon, 2004, Lemma 1). Thus, L0(q) is increasing in q. Since
L0(0) = 0, ∃ q̃o satisfies L0(q̃o) = 1. When q ≥ q̃o, L0 ≥ 1, and thus, dL1(q)/dq < 0.
When q < q̃o, 0 < L0 < 1. Both µpF̄ 2(q)(1−L0) and cµF̄ (q) are positive and increasing

in q > 0. Setting µpF̄ 2(q)(1−L0)

cµF̄ (q)
≥ 1 leads to F̄ (q)(1−L0) ≥ c/p. Since 0 ≤ F̄ (q)(1−L0) ≤ 1

for 0 ≤ q ≤ q̃o, there exists a q̃oo that satisfies F̄ (q)(1−L0) = c/p. Note that F̄ (q)(1−L0)
decreases in the given interval of q. As a result, when 0 ≤ q ≤ q̃oo, F̄ (q)(1 − L0) ≥ c/p,
and thus, dL1(q)/dq ≥ 0. When q > q̃oo, F̄ (q)(1 − L0) < c/p, and thus, dL1(q)/dq < 0.
Since L1(0) = 0, there exists a q̃ > 0 that satisfies L1(q) = 0. When q ≤ q̃, L1(q) ≥ 0 so
that w1(q) ≤ w0(q). When q > q̃, L1(q) < 0 so that w0(q) ≥ w1(q). Similar to that in

equation (2), it can be proved that w1(q) ≤ w0(q) if 0 ≤ q ≤ F̄−1
(

(1+µ)c
(µp+c)

)
.

Appendix B: Proofs of propositions

Proof of Proposition 1. Denote π̄R(q) = p
∫ q

0
F̄ (x)dx−pqF̄ (q) and π̄M(q) = pqF̄ (q)−

cq. Thus, I1(q) can be written as I1(q) = π̄R(q) − γπ̄M(q). Note that π0
R = π̄R(q0) and

π0
M = π̄M(q0). Intuitively, I1(q0) ≥ 0 if γ ≤ π0

R/π
0
M and I1(q0) < 0 if γ > π0

R/π
0
M .

According to the properties of I1(q) in the proof of equation (2) in Appendix A, q̂∧q0 = q̂
if γ ≤ π0

R/π
0
M , and q̂∧ q0 = q0 otherwise. As a result, the local extreme point for q ≤ q̂ is

determined. When q > q̂, I1(q∗) = π∗ > 0. Thus, q∗ > q̂ must hold and the local extreme
point is q̂ ∨ q∗ = q∗. Therefore, the shape of πM(q) in equation (3) is determined by the
relationship of γ and π0

R/π
0
M : a) When γ ≤ π0

R/π
0
M , q̂ ≤ q0, and thus qf = q∗; b) When

γ > π0
R/π

0
M , q0 < q̂. Thus, the optimal uM is πM(q0) ∨ πM(q∗). Since πM(q0) = π0

M and
πM(q∗) = π∗/(1+γ), qf = q∗ if γ < π∗/π0

M−1, qf = q0 if γ > π∗/π0
M−1, and qf = q∗ and

qf = q0 are both equilibria if γ = π∗/π0
M − 1. Since π0

R/π
0
M < π∗/π0

M − 1, by combining
cases a) and b), the proposition is proved.

Proof of Proposition 2. For γ < γ̃, πfM = π∗/(1 + γ) and πfR = γπ∗/(1 + γ). Thus,
πfM is decreasing while πfR is increasing in γ > 0. The inequality πfM > π0

M leads to
γ < π∗/π0

M − 1 = γ̃. The inequality πfR > π0
R leads to γ > π0

R/(π
∗ − π0

R) = γ̄. Therefore,
the win-win region is γ̄ < γ < γ̃.

Proof of Proposition 3. Denote I2(q) = µπ̄R − π̄M . It can be rewritten as I2(q) =
µ(π̄R− 1

µ
π̄M) , where the term in the bracket has a similar form as I1(q) = π̄R−γπM . Thus,

I2(q) has the similar property that there must exist a q̂0 > 0 that satisfies I2(q̂0) = 0.
When q ≤ q̂0, I2(q) ≤ 0. When q > q̂0, I2(q) > 0. As a result, q̂0 ∨ q0 = q̂0 if π0

M > µπ0
R

and q̂0 ∨ q0 = q̂0 if π0
M < µπ0

R.
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Proof of Proposition 4. If µγ ≤ 1, I1(q̂) = 0 ≥ µI2(q̂) so that q̂ ≤ q̂0. Thus,
uM is unimodal and attains the maximum at qf = q∗. If µγ > 1, q̂ < q̂o. When
0 < q ≤ q̂, the local extreme point is q̂0 ∨ q0. When q > q̂, the local extreme point is
q∗. If µ > π0

M/π
0
R, q̂0 ∨ q0 = q̂0. In this case, the optimal uM is uM(q0) ∨ uM(q∗). Since

uM(q0) = π0
M and uM(q∗) = π∗/(1 + γ), the equilibria are identical to those where only

the retailer is fair-minded (See the proof of Proposition 1 in Appendix B). If µ ≤ π0
M/π

0
R,

the optimal uM is uM(q̂0) ∨ uM(q∗). qf is thus q̂0 or q∗, which maximizes uM . Since
q̂0 satisfies I2(q̂0) = µπ̄R(q̂0) − π̄M(q̂0) = 0, ∂I2(q)/∂q > 0 must hold for q > qoo > q̂0.
Since ∂I2(q)/∂µ > 0, we then have dq̂0/dµ = −(∂I2(q)/∂µ)/(∂I2(q)/∂q) < 0. Thus, q̂0

decreases in µ. Since uM(q̂0) = π̄M(q̂0) decreases in q̂0 due to q̂0 > q0, uM(q̂0) increases
in µ. Let u(q̂o) = u(q∗). We have γ̂(µ) = π∗/π̄M(q̂0) − 1. Thus, γ̂ decreases in µ.
Especially when µ = π0

M/π
0
R, q̂0 = q0 and thus γ̂ = π∗/π0

M − 1. As a result, if γ < γ̂,
uM(q̂0) < uM(q∗) so that qf = q∗; if γ = γ̂, uM(q̂0) = uM(q∗) so that qf = q∗ and qf = q̂0

are both equilibria; otherwise, uM(q̂0) > uM(q∗) so that qf = q̂0.

Proof of Proposition 1′. Denote πR(q) = pF̄ (q)S(q)−cS(q)

F̄ (q)
, πM(q) = cS(q)−cqF̄ (q)

F̄ (q)
and

L2(q) = πR(q)− 1
µ
πM(q). Note that

L1(q) = (1 + µ)S(q)F̄ (q)(w0(q)− w1(q)) = (1 + µ)S(q)F̄ (q)

(
cq + µpS(q)

(1 + µ)S(q)
− c

F̄ (q)

)
= (cq + µpS(q))F̄ (q)− c(1 + µ)S(q)

= µF̄ (q)

(
pF̄ (q)S(q)− cS(q)

F̄ (q)
− cS(q)− cqF̄ (q)

µF̄ (q)

)
= µF̄ (q)L2(q).

Thus, the sign of L2(q) is identical to that of L1(q). Since L2(q̃) = 0 (see the proof
of equation (6) in Appendix A), q̃0 ∨ q̃ = q̃ if µ > π̃0

M/π̃
0
R and q̃0 ∨ q̃ = q̃0 otherwise.

Thus, the shape of π̃R(q) in equation (7) is determined by the relationship between µ and
π̃0
M/π̃

0
R. The rest proof of finding the optimal q for π̃R(q) is similar to that in the proof

of Proposition3 1 in Appendix B.
Proofs of Propositions 2′–4′ are similar to those of Propositions 2–4, and thus are

omitted.
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