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ABSTRACT

This paper investigates the contracts and the naartufer’s pricing strategies in a single-manufa@uand single-
retailer supply chain in which the retailer showsequity aversion to his monetary payoffs. We devalaitility
model for the retailer considering his inequity-ese effects and analyze its influences on supplginch
coordination and the manufacturer’s decision makimgler different cases. In particular, three caaes discussed
in our paper, the manufacturer provides the retaddow, high and extreme high wholesale price, ander which
we study their influences on the supply chain cioatibn schemes, i.e., the constant wholesale prmetract
(CWPC), linear quantity discount contract (LQDC)darevenue sharing contract (RSC). Based on abawdies,
the manufacturer will set his pricing strategy tetekrmine his globally optimal payoff. Our analysseals that (i)
on a supply chain with an inequity-averse retaikdf,the CWPC, LQDC and RSC can coordinate the rchdien
the manufacturer sets a low-pricing strategy; (iiien a high-pricing strategy is made, only the LQ®Gth the
CWPC and RSC fall in this case) can coordinatestiingply chain, but only when the retailer shows Inequity
aversion; (iii) the CWPC LQDC and RSC all fail to coordinate the supply iohahen an extreme-high pricing
strategy is made by the manufacturer; (iv) for th@nufacturer, the LQDC and RSC show better prefifggmance
than that of the CWPC; (v) the retailer can benflitn the supply chain by manipulating his expmssif inequity
aversion..
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INTRODUCTION

How should a supply chain achieve coordinationthintraditional supply chain that agents are se#rested and
they only care their own monetary payoffs, i.eeythmaximize their respective expected profits, vl supply
chain can be coordinated by some contracts if mmtggcan achieve higher payoffs by unilaterallyial&vg from

equilibrium. While this approach is appealing, d@rtiors an important weakness. The member on thglysapain

may show fairness concern, so such a personal imehanay influence the equilibrium or even break Ror

example, a retailer may feel inequity when his ntanepayoff is lower than the manufacturer’'s, ared rhay

disagree in principal to cooperate when he achieveery low monetary payoff. Supposing such behamiay

affect each firm’s decision making, how will thenfis behave? Furthermore, how to coordinate thelgughain

when considering such behavior?

This paper studies the contracts and manufactupeicgg decisions in a serial supply chain witleananufacturer
and one retailer. Consumer demand is certain asddwerse correlation with retail price. In ourdstuthe retailer
is inequity-averse and pursues both of his mongiaypff and the equity of profit distribution oretlsupply chain.
For the manufacturer, there are three pricing esias, low, high and extreme-high pricing, can menby him,
and under which we will investigate their influeaaen the supply chain coordination schemes. Spatifi three
well known contracts, the constant wholesale pemetract (CWPC), linear quantity discount contr@edDC) and
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revenue sharing contract (RSC), will be investidate our paper. Finally, the manufacturer will & optimal
pricing strategy to maximize his globally payoff.

The firms play a Stakelberg game in the supply rchiaat the manufacturer first sets his pricingtegg to the
retailer and then the retailer decides the retédlepto the consumers. Both of them play a Nashlibgum (each
firm maximizes its object assuming the other plaghooses its equilibrium strategy.). Thus, the nfecturer
makes his optimal pricing decision given the retasl behavior, and therefore neither firm has atemtive to
deviate unilaterally from the equilibrium.

To well investigate the influences of the retaddriequity aversion on the manufacturer’s decismaking, we built
a baseline case without inequity aversion. Obviguslich a baseline case is same to that in théitraal supply
chain. Then we consider the inequity scenario ifclvkhe retailer shows inequity aversion to his stany payoff.
Unlike traditional supply chain, after incorporafithe inequity aversion into the retailer’'s objeetifunction we
find some interesting results that (i) on a supgigin with an inequity-averse retailer, all the C8YR.QDC and
RSC can coordinate the chain when the manufacseatera low-pricing strategy; (i) when a high-pnigistrategy is
made, only the LQDC (both the CWPC and RSC fathis case) can coordinate the supply chain, but whien
the retailer shows low inequity aversion; (i) ta&VPC LQDC and RSC all fail to coordinate the supplyioha
when an extreme-high pricing strategy is made lgyttanufacturer; (iv) the manufacturer can achievegaer
profit by using the LQDC or RSC than that of CWPRE) the retailer can benefit from the supply chain
manipulating his expression of inequity aversion.

The remainder of the paper is structured as follote literature review in Section 2, and then thedel

description in Section 3. In the Section 4 we bailbaseline case of manufacturer’s pricing stragegvithout
considering the retailer's inequity aversion, areknt the Section5 incorporates the inequity aversign

manufacturer’s decision making. In the final Sett®we summarize the results and point out therdutesearch
directions.

LITERATURE REVIEW

This paper is closely related to supply chain comibn management and behavioral economic. Supp&in
coordination has been a major issue in supply cresaarch. We refer the readers to [1] for a revidwcheme is
said to coordinate the supply chain if the setupfdy chain optimal actions is Nash equilibriune, ,i.no firm has a
profitable unilateral deviation from the set of plypchain optimal actions. Lots of well known catts have been
proved to coordinate the supply chain, such asn@eharing, quantity discount, buy-back, wholegaiee. The
constant wholesale price contract is the simplastwhile is generally considered a non-coordinatiogtract [2].
Another simple contract, the quantity discount cactf which can be used to coordinate a supplynchéth one
manufacturer and one retailer supply chain and kvisdeneficial to a seller [16]. The quantity @isot contract
has been wildly used in supply chain managemersuli®ein [17] address the problem of determinirgyeébhonomic
order quantities for the retailer, given a quantitycount schedule set by the supplier. Resul{d 7h provided a
quantity discounts schedule to coordinate the sugiphin with multiple independent retailers. Resudt[4] using a
linear quantity discount schedule to coordinatestiygply chain after demand disruption.

In the traditional supply chain literature, muchre$earch assume that manager’s choices are med#éymational
decision-makers who are self-interested and theyoamly care their own monetary payoffs while reskain
behavioral economics considers people’s behavtordecision making.

The potential applications of behavioral economiarnanagerial decisions have attracted an increasimgunt of
attention from the academic community. Such as Resu [11] who builds a model considering the aomsr

overconfidence to explain the use of flat rates latel fees in rental markets, and teaser ratesams| Results in
[13] modify the Salop model of price competitionthwidifferentiated products in their paper and assuhat

consumers are loss aversion. Results in [18] ptesemodel of product-line design that considetimg context
effects. Results in [11] built a model considerthg consumer overconfidence to explain the usdabfrétes and
late fees in rental markets, and teaser rates amsld-ewer researchers study such issue from tpeieah point,

such as results in [7] who survey the empiricatience from the field to explain why individuals @de from the
standard model in behavioral economics and theh bottheir paper emphasize consumer analysis inaitk
outside the lab. Results in [12] consider the psiahy of consumer in their marketing models. Resifdt [8]

explore the question of how a rational agent (wleth profit-maximizing firm or a mechanism designeould

want to contract with dynamically inconsistent aigefResults in [21] explore the consequences ofentgg non-
salient information when making such inferencesising e-bay data for DVD auctions.
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As inequity aversion plays an important role in @leping and maintaining channel relationships, soesearch
papers address related issues. Results in [20%tigeges the procedural inequity aversion to erplely “people
are nice to those who are nice to them and puhissetwho are not”. Results in [9] builds a modekbysidering
the distributive inequity aversion and incorporgtpeople’s aversion to inequity. Results in [14adiss how peer
induced inequity aversion might limit price discimation, account for low variability in CEO competisn, and
explain pattern bargaining. Results in [6] consitler peer-induced price inequity aversion into aleh@f price
competition. Results in [5] consider the inequityesion on channel members’ decision making inasibms
involving choices on both investments and prices.

Coordinating a supply chain with inequity aversisione of the most important issues in supply cleaiordination
management and which has attracted few researcigesition and shown some interesting results. IResu[3]

incorporate the concept of inequity aversion iroaventional dyadic channel to investigate how irygaversion
may affect channel coordination and they find tthet manufacturer can use a simply constant wh@&esate
contract to coordinate this channel. Results irf] fX@end the results of [3] to other nonlinear dachéunctions.
Results in [3] made a significant contribution twarporate the concept of fairness concern into ciennel
coordination issue, while there are some probldmsils be analyzed deeply. First, in their papezythummarize
the conditions under which the CWPC can coorditlagesupply chain, while they do not study the iefloes of
inequity aversion to other important schemes, sagkh.QDC and RSC. Second, the influences of theleeta
inequity aversion to contracts can be summarizedkrnmteresting and meaningful conclusions. Our péifie these
gaps and considers retailer’s equality aversiom inanufacturer’'s decision making, and all the CWE@DC and
RSC are investigated.

MODEL DESCRIPTION
Consider a single-manufacturer and single-retailgiply chain in which the manufacturer sells hisdpicts to the
consumers throw a retailer. Consumer demand atthéer is determined linearly as the functiornhd retail price,

i.e.,D(p) =a-bp with 0<b<1, wherea is the market scaIeF,) is the unit retail price (a decision variable) and

b is a price-sensitive coefficient. The followingtie sequence of events in the game: (1) the matuuésirovides
the retailer his wholesale pricg, and contracts, i.e., CWPC, LQDC or RSC; (2) tbwiler decides whether to
participate in the game; (3) if the retailer acsefpte manufacturer's scheme, he will set a retéilepp and an

order is made, then, the manufacturer start toymedvith a unit production coSt At the end of the selling season,
they receive their profitsz, andrz, , respectively. Otherwise, no cooperation betwéemtand both receives zero
profit.

In traditional supply chain, agents are fully ratibwho maximize their own monetary payoffs withoahsidering
any behavior issues such as inequity aversion.dJsimply algebra we can verify the following edfilum results
for this setting: the retailer’s optimal retail geiis p=(a+ bg/ 2k and based on such a price the manufacturer can

maximize his profit by setting a wholesale prizeargmaxz, =(v—c)@— bp.. It is well known that the CWPC
cannot coordinate such a supply chain unlessc (the manufacturer earns zero profit).

As firms, like individuals, are motivated by coneerof fairness in business relationships, includahgnnel
relationships (Kahneman et al. 1986), we consiteragent’s behavior of inequity aversion into treditional
supply chain. In specific, the retailer is ineqtétyerse who not only care about his own monetaypff& but also
distribution fairness. Similar to Cui et al. (200W®je built a utility function of the retailer inghfollowing

Ur(w, p) = 77(W, p)

N : 1)
=Aly, (W, p) - 75(w p]°s A>0, y>0

where the first ternvz, (w, p)=(p- W) D( p in Eq. (1) represents the retailer's monetary ffalyom the game and
the second termi[ym,, (w, p) —77.(w p)]*, reflects the his inequity aversion from receivingayoff that is behind

that of the equitable payoff, i.e., when(w, p)<ym,(w, p . Here, y>0 represents the manufacturer's

contributions to the supply chain (which is exogesmén our model) and >0 is the retailer’'s inequity aversion
parameter. Here, we assume that there is no inipalee retailer’s utility when his payoff is ovéret equitable level,
i.e., whenz, (w, p) = yrr,, (W, p) (similar assumption can also be found in Ho and2809)).

Different with traditional supply chain that thetaier in this game is bounded rational who maxasihis utility
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rather than profit. Thus, an inequitable monetaayqff (whenm,(w, p) < yr,, (w, p)), will bring him a disutility
which may change his decision making, therefore nlanufacturer’s strategies may be influenced.

3.1Baseline Case: Manufacturer’'s Decision withoutrequity Aversion

To well investigate the influences of the retaeriequity aversion on the manufacturer’s priciegision making,
we built this baseline case (BC) without considgiiimequity aversion against other cases with irtgcauersion. As
we mentioned before that the CWPC cannot coordit@tesupply chain in this case, thus, the LQDC R&& can
be tried. Then we have the retailer's and the mastufer’s profit functions in LQDC and RSC, respesy.

{n&?ﬁé@é(w, P=[p-(w-69] O P
Thtonc (W, P)=[(w- 69 - d O §
and
{n‘;ﬁssz”?«op -w)D(q)
Aatesw-c+(1-9) (g @)
where w;, is the vertical maximum variable wholesale priged & >0 is the discount slope of the per-unit
wholesale price schedule aids the order quantity of the retailer (Ingene a@adry, 1995). Under RSC in Eg. (2),
the manufacturer chargé¥to the retailer and shares a portion of the retailevenue thafl—@)pqwith0< p<1.
Then by setting an appropridt®@DC(w;,8) or RSQ wg) form the manufacturer, the retailer will be induded
pricep=(a+ bd/2band the supply chain can achieve coordination.

Lemmal. For a supply chain without inequity aversionQDC(w,,d) can be used to achieve coordination

with wy =8(a—bg+ c, whered0(0,1/b]; the RSQ wg) can coordinate the supply chain with- % |
wherep[0,1] .

The LQDC and RSC in lemma 1 are devised from theufseturer’'s point of view without considering the
retailer’'s behavior. The manufacturer controls dhain’s profit by pricingw, = 8(a-bg+ cor w=¢gcand the
retailer’s profit distribution by setting[1(0,1/b]or@[0,1] . If we incorporate the retailer's inequity aversinto
such a supply chain, the manufacturer’s decisioy lbeachanged.

MANUFACTURER’'S DECISION WITH INEQUITY AVERSION
How about the manufacturer’s pricing strategies wbensidering the retailer’s behavior of equity rai@n? This
section tries to give the answer through two sdesathe equity scenario and the inequity scenario.

4.1. Equity Scenario

From the retailer’s utility function in Eq. (1) vkow that the retailer will show his inequity aviersonly when his
monetary payoff is behind the equity level, ig,(w, p)<pym, (W p . Under equity scenario (ES) that
whens, (w, p) 2 ym,, (W, p), we have) . (w, p) = 77,(w, p). Obviously, such scenario is similar to the B&Géttion

4 (the inequity aversion has no influence on playdecision making), thus we can easily get theppsition 1 by
utilizing the same algebra.

Propositionl. On a supply chain with an inequity-averse retailevthen the manufacturer's profit
satisfiesrz, (w, p) = yr,, (w, p), the CWPC fails to coordinate the supply chainjlevithe LQDC(w,, &) works

with w, =8(a—bg+ c, whered0(0,1/b(1+y)) . The RSQ wg) can also be used by setting=g¢c ,
wherepO[y/ @+ ),1).
Proposition 1 shows that (i) the CWPC cannot bel usth in the BC and the ES; (ii) the LQDC and R&D

coordinate the supply chain both in the BC and @$;the manufacturer has fewer choices of pricangd more
limited profit than that in the BC for the decreédisange ofd and ¢.
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4.2. Inequity Scenario

In this section, we will investigate the manufaetls pricing decision in the inequity scenario
with 7z, (w, p) < ym,, (w, p) . Here, we solve the game using the standard badkwduction principle, therefore, we

can first calculate the retailer’s optimal pricistgategies.

Given any wholesale price (CWPC) setting by the ufeaturer, the retailer set his retail pripéw) to maximize
his utility U,(w, p) under the condition that,(w, p) < ym,, (W, p). Hence, the retailer's object utility function is
given below

maxUy, W, p)= 71, (W, p)= Ay 77y, (W, P~ 77 (W P

{UR(W, p)=0 : (4)
|y, (W, p) =75, (W, P20

The first inequalityJ,(w, p)=0, in Eqg. (4) is the condition that the retailervidling to participate in the
game ,andyrz, (W, p) - 7, (W, p) 2 Ois the constraint of inequity scenario.

After careful calculation, we derive the followitgmma.

Lemma2. In the inequity scenario withir,(w, p) <y, (w, p) , the inequity-averse retailer's best pricing

()
response',3 W) , under CWPC is given below

Py, ifw<w
P(W =4 m, ifw<w<w, ®)
p., ifw=w,

wherew, <w,, p, <p < p,and

w, = (Aybc+Aa+ ar2ybc) b1 Ay+ J .

w, =(Aybc+Aat g/ {1+ A+Ay)

p = wHAp(w- 9/ (1+4) : (6)
Py =M (W-Q+w

po =[(I+A)(a+ bw + Al w- 91/ 2 iL+A)

In lemma 2, p, is the retailer’s optimal price with the upper bdup, and lower boungb, . Based on above results
we can summarize the following managerial insigti)sas dp"(w)/ 81 > 0whenw > w , a higher inequity-averse
level, A, will induce a higher retail price; (ii) an extrerhigh (low) wholesale pricay = w, (w<w ), will induce

a low price,p, (p, ), from the retailer.

For now the manufacturer can anticipate the retaileptimal responsep”(w) and incorporates it into his
optimization problem which is given lyax7z, (w, p” (w)). As the retailer’s pricing decisiong’(w) take different

forms depending on the regions of the wholesaleepnv in Eq. (5), the manufacturer has three pricingtstgies,
Case | with a low wholesale priee< w; , Case Il with a high wholesale prize < w< w, and Case Ill with a very

high wholesale pricev= w, , to induce the retailer’s retail price. To wellngpare the manufacturer’'s pricing
strategies with the CWPC, we will also investigiie LQDC and the RSC separately in above therescase

Case l:Low-pricing Strategy withv < w,

In this case, the manufacturer set a low wholespliee, w<w , to the retailer to maximize his
profit, 7z, (w, p)=(w- J(a- bp, given by the retail pricgg”(w) in Eqg. (5). Hence, we can write the manufacturer’s
objective function in this case with CWPC that
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max7g, (v, p)=(- c)(@- bp)

V7 (W, P) = T (W, P2 0
styw<w

P= Py

()

Similar to Eq. (4), the inequality 7, (w, p)—75;(w, p= 0 is the condition where inequity aversion occurs,
w < w is the manufacturer’s low pricing strategy apd p, is the retailer’s optimal pricing response.

Proposition2. When a low pricing strategw<w , is made by the manufacturer, the CWPC can be tsed
coordinate the supply chain only whern,(w, p)=ym,, (W, p) and the optimal wholesale price satisfies
chDase =(a+ bC+2ky()/2t(1+y)

Comparing with the BS (without inequity aversiowhile the CWPC fails to coordinate the traditiosapply chain,
it works on a chain with an inequity-averse retaiého receives a low wholesale prize<w , from the

manufacturer. The similar result can also be fonrdui et al. (2007).
In the same case with LQDC and RSC, we find that

Proposition3. In case | with a low wholesale prive< w, , theLQDC(w;,8) and RSQ wg) can also be used to
coordinate the supply chain. For the formet,QDC(w,8) , where w,=8(a-bg+c and
01/bA+y),21+A)/bA+A+Ay+ J)] with low inequity aversion thatAO(0,(2y-1)/@Q+y)] or
0[1/bA+y),@+A)/b@+ A+ Ay)] with high inequity aversiomO((2y—-1)/(+y),4o] ; for the latter,
RS wg), wherew = gcwith @O[Ay/QA+A+Ap),y! 1+ )y)].

Case II: High-pricing Strategy withy, < w< w,
If the manufacturer set a high-pricing strategyhvéitwholesale price, < w< w, under CWPC, the retailer’s pricing
response ip = p, given by Eq. (5). Thus, the manufacturer’s objefiinction will be
max7z, =~ c)(a- bp)

Vit (W, p) = 7%, (W, p)2 0
Sty w < w< w,

P=K

©)

Using the same algebra as Case | we can get tfoavioy) Lemma 3.

Lemma3. The CWPC fails to coordinate the supply chaimaquity scenario when the manufacturer makes fa- hig
pricing strategyw, <w< w, , for an inequity-averse retailer.

After investigating the LQDC and RSC, we have thlitofving proposition.

Proposition4. In inequity scenario wittyrg, (w, p) - 77, (w, p) = Oand if the manufacturer set a high-pricing strategy
with w, < w< w, , the RSC fails to coordinate the supply chain evttle LQDC does with
y=1/2
0sA<(2y-1)/ (@A)
\NcDaseII =c+6(a-bg/2 ' (10)
2(1+4) <h< 1+
b(l+A+Ay+2y) b@+1+1y)
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From Eg. (10) we find that though the LQDC can dataite the supply chain, it fails when the retadleows a high
inequity aversionl > (2y—-1)/ (1+y).

Due to above lemmas and propositions we can sureenite following managerial insights: (i) inequéyersion
has a significant influence on manufacturer’s denisnaking; (ii) the retailer benefits from showihg inequity
aversion to the manufacturer; (iii) the CWPC andCR®nnot be used to coordinate the chain with b-pigring
strategy by the manufacturer; (iv) in case Il vathigh wholesale price, the LQDC can coordinatestiply chain
only when the retailer shows a lower inequity aiersevel.

Case llI: Extreme-high-pricing Strategy with> w,

In this case withz, (w, p) < ym,, (W, p), an extreme high pricing strategy is made by theufacturer (v= w, ) and
the retailer's optimal response s (W=y(w- 9+ wunder the CWPC. Thus, we can write the manufacturer
objective function
max7g, =(v—c)(@— bp)

Y7ty (W, p) ~ 7 (W, P2 0 (12)

w2 W,
P=R

After careful calculating, we summarize the follogyiproposition.

Proposition5. On the supply chain with an inequity-averse retailhe manufacturer cannot set an extremely high
wholesale priceyw > w, , under CWPC, LQDC or RSC withr, (w, p) < y71,, (W, p) .

CONCLUSION

In this paper, we study the manufacturer’s prigtrgtegies on a supply chain with an inequity-redutranufacturer
and an inequity-averse retailer. Inequity averssoformally modeled through disutility from ineqalitle situations.
In our game, the manufacturer as the leader wisb diecides his wholesale price to the retailer thedretailer as
the follower set his retail price based on the nfacturer’'s decision. We first show the retailersponses given
any wholesale price and calculate the manufacturdegcisions, low, high or extreme high pricing tetoy,
backwardly with CWPC, LQDC and RSC, and summariee rhanufacturer’s optimal strategies in the firaltp
Many interesting and meaningful results are found.

Our results show the CWPC and LQDC can be useddadinate the supply chain only when the manufactset
a low wholesale price to the inequity-averse retaibut it fails when a higher wholesale pricegs §he LQDC
shows better performances both on profit and apjins than CWPC and RSC, and CWPC shows the vildrst.
manufacturer should prepare more contracts todtaler with different level of inequity aversiom lshows, and
such a behavior can be used as a strategic behliavioe retailer to maximize his utility, i.e., i@l exaggerate his
real inequity aversion when the manufacturer mélkesa low utility.
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