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ABSTRACT

Reference effect influences the shippers’ purchasavior to some extent, and it makes shippersitieh more mys-
terious. Furthermore, it leads to complex to coaede procurement and pricing of forwarder and carriFirstly, we
introduce the reference effect into the-saago service supply chain composed with carrierd forwarders, and build
the game-theoretical model to decide the optimatreat price and order quantity. Considering thuation where the
market demand is affected by current price andregfee price, we adopt dynamic programming and atasvaria-
tion method to analyze the dynamic equilibriumhef game under reference effect with symmetric imddion or not,
respectively. Finally, this paper analyzes the meffiee effect to price, procurement and profit ofrieat with digital
analysis

Keywords:. reference effecanchoring effectsea-cargo service chaidynamic pricingrevenue management

1. Introduction

The marine environment has two types of marketgigen if the current price is above reference price, mytdo
ally, the contract market and the spot one inte#li,2]. more on site. Throughout the paper, we just analyze
In order to lower the risk of capacity allocatiomdgprice,  shippers’ behavior as a whole, not the individuaips
carriers often choose to sale advance in contrackeh per's purchasing behavior. In this way, the doweestn
that is to sell most capacity to the forwarders atiter  shippers’ purchasing decision is not only basedthen

big shippers. And then, in the second stage, timairgng  cost-plus price [1], but the price expectations.slrch
space is sold by carrier to direct-ship shipperadihoc complex situations, the carrier and the forwarderstm

or free-sale basis. As to the forwarders, in thet itage take into account the shippers’ price referencectfbe-

the forwarders purchase large amount of cargo dgpac fore they decide the contract price, procuremerdlland
which qualifies them for a volume discount. Thecdisnt  the resale price. And carrier and forwarder couldre
may depend upon the size of allotment as well aath  information and communication to quantity the refare
tual volume tendered by the forwarder [3]. In teeand  effect to make optimal ordering and pricing degisio

stage, the forwarder drums up downstream shipfars,

warders can offer more services and often betieegto hol | | h [ hee
downstream shippers in comparison to the carristesi- tract-wholesale contract. In a channel contextpbserve

dard tariff. In this paper, we just focus on cooefion N SOme cases that channel transactions are “geteim
between the carrier and the forwarder in the centra SIMPIe contracts defined only by a per unit whdiesa
market. price” [5]. As noted some time ago by [6], inceetizon-
) tracts in the real world frequently take simplemfis than
In the downstream freight market, due to the regseat \hat theory often predicts. This can also happeatee
purchase behavior, shippers will develop referee,  fimg have little to lose using a simpler contrfit We
through obserw_ng prices Of. other chann.els and forbuild a von-Stackelberg model of the carrier arel ftbr-
warder's_, past prices. CO'T‘pa”“g current price zm‘el_nf warder where the carrier is the game leader, anddh
ﬁﬁ;ginp”%%cgggﬁaﬁ% Stﬂgpcger?sné?ﬁ]ﬁatrhfg t?%psggt warder is the game follower. In which the carriestfy
Theorygof Kahner.nan and Tveyrsky [4]. During purchgsi announces the contract prices according to theriogle
they buy less and then turn to other c.arriers owdoders quantity of forwarder, and then the forwarder desithe
contract quantity. Here, both the carrier and trevérder

" The research is supported in part by the NationiahSe Foundation i i : P
China under Grant NO. NSFC 7070102& Natural Science Foundal act Strateglca”y’ and the sh|ppers are Only SeBsin

of Guangdong Province under Grant NO. 07301452tiaacChina Post-  Price. The mathematical representation of the autéon
doctoral Sciere Foundatio under Grant NC2006039087. between carrier and forwarder is based on a stylize

In the paper, we adopt the common supply chain con-
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model in which certain real-life details have besther
omitted or simplified to maintain tractability.

The remainder of this paper is organized as folldws
Section 2, we begin with a review of the relevaatdtures.
In Section 3 we present the problem and also tieealéfi-
nitions of symbols and parameters. We propose raalor
price reference model in Section 4. In Section & fivstly
give an analysis on the decision making process\phiee
reference effect is common knowledge in part 5.hemw
price reference effect is asymmetrical informattonthe
carrier, see part 5.2. We then continue in Sed@iavith a
presentation of our numerical studies and reponarious
insights that can be drawn from digital simulati§ection 7
concludes our paper.

2. Literature Review

Extensive literature has evolved around the coatiin
between carrier and forwarder, yet relatively dttenhas
been directed to the problem of intertemporal pgcin
multi-stages. [1,2] considered a situation wherstreat
market and spot one coexist; asset provider aachiediary
can make coordination through option contract, e

207

risk preference are concluded. Kapadkeal. [20] bring
quality into the reference effect and analyzedcthadition
under which reference effect of price and quality lboth
existed. Oliver and Winer [20], Zeithaml [21] cadtesi the
reference effect to be the key factor which affentrket
demand. But all the papers above is in the arezadfeting,
it doesn't refer to the coordination between retailand
manufacturers or channel distributor’'s problemgraduc-
tion quantity and inventory in supply chain system.

3. Problem Description

The pricing and ordering of repeat-purchase capac
what we studied in this paper. With the repeatadimse
behavior, shippers will develop a reference prige through

observing price of other channels and forwardedstp
prices. Then, comparing the current price and #ier+
ence price, shippers would like to purchase lesstam
to other channels to procure if the current pricéigher
than the reference price; otherwise shippers wquid
chase more on site [4]. This price reference effieakes
the demand much more complex.

Because of the double impact of current price aigep

overbooking is also considered. Gupta [8] analyaed reference, the forwarder faces a more complex cargo

flexible contract where carrier has priority to oba con-
tract parameters later to adjust contract quanfityen,

market. In that case, the price reference effestthabe
considered during pricing decision, based on whiich,

Amaruchkul, Cooper and Gupta [9] analyzed capacityvarder makes the resale prices and quantity at pach
contracts under asymmetric information, and progoseriod to pursue the maximum profit. And furthermotiee

optimal contract. However, these researches mémstlys
on a single-stage problem. In real world, carried éor-
warder coordinate in a multi stages, more.

As to the dynamic pricing of finite inventory, thele-
vant literature has mostly ignored the referendecef

market price also affects the reference price. Thosh
current price and reference price change interalgtiv
Due to the double impact of current price and mfee
price, it becomes difficult that the coordinatioatlveen
carrier and forwarder, and how the forwarder makes

Gallego and van Ryzin [10] and Bitran and Mondschei resale prices as well.

[11] analyze a continous and discrete time pricing

schemes, in environment where the distribution arf-c

In this paper, a finite-period model is involved an
steady economic circumstance, that is to say théract

sumer valuation does not change over time. Laz8} [1 yrices difference and resale prices differencerateat-
and Aviv and Pazgal [13] discuss dynamic pricing Oftih taple to economical conditions change, suckass
fashion goods where demand_ is uncertain. Next, AV"{:hanges and competition, but strategically pricing.
and Pazgal [14] analyze optimal pricing of seasonajygreover, cargo that shippers provide lies in thene
products where the consumer is forwarder- looksigat e avoiding the prices difference from cargoetyfif-
tegic) and distinguish two classes of pricing B®S.  ference. And the ordering tactics is not referrpelcii-
For further information on the above body of reskar cally. We assume that the carrier sells capacitythen
we refer the reader to Popescu and Wu [15]and BWyme cargo market iN periods, and the contract be-
Xiang-zhiet al.[16]. tween the carrier and the forwarder is the classlsa
There are a lot of papers study on the effectefafry ~ count price contract used widely in real econoncitiva
ence price to market demand. Helson’s [17] Adaptati ties [23]. It means carrier announces a contraitepr
Level Theory pointed that people measures the otrre k(t) according to forwarder’s books level. We choose
result with his past activities as standards; Cowsls  the linear rebate through all the paper [24]. Athe, unit
price perception depends on the difference betvieen cost is constant ag [25].
interior reference price and exterior referenceeriSor-
ger [18] studies local stability of joint dynamiciging
and advertising policies under reference pricecedfe  [yrstly, the carrier announces its discount prica-c
Fibich [19] investigates the dynamic pricing proble tract according to forwarder's future booking démmis

Wlfth_ linear reference effe_cts. The re_search_ on ohoa Then, the forwarder decides its resale priplt) in pe-
pricing under reference price effects is also ipdazuet

al. [15], during which, both consumers of risk neuarat

The decision process is as following:

riod t, based on the discount pridgt) and the ship-
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pers’ reference price to achieve the dynamic lomg r For simplicity, we adopt the linear demand functjag],
maximum profit. And, procure quantiti(t) in each single as follows:

period is determined based on a take-it-or-lealasts. d(ty=a-bp()+ nf p( X- O) (1)

During this paper, we mainly study the problems de-
scribed as follows: how forwarder determines theale
prices and procurement quantity with the doubleaatp 6, p, (t) > p(t)
of current price and reference price, and how earri = 6, p(0)> p ()
makes sea-cargo capacity contract under refereffext e 2: P P
with symme;richinfprmatior_\ or EOI- The mﬁthemaF?g; The penalty for each unit price above referenaisi 6, ,
sentation of the interaction between the carri : oo c
forwarder is based on a stylized model in whichaier and the gain for each unit price below referene s & .

where, a,b>0 and are all positive constants,

and 6, >6,>0.

real-life details have been omitted or Slmp“flmmaln- Fo||owing the past literatures on the formationref-
tain tractablllty Moreover, we assume rational anderence priceS, we model it as a We|ghted averagmﬁf
risk-neutral decision makers. prices [28], that is:
The basic parameters of the model are as follows: B (t+1) = YO p®)+ A= y®) p )
y the memory effect of shippers to past price
Here, we assume shippers are homogeneous and have
c the constant unit cost the same memory effegt Where, y is shipper's mem-

k(t) the discount price made by the carrier in perod ~ Ory effect to historic price, and the bigger is, the
stronger the memory effect is. In particulgr=1 is

ideal state, reference price is equal to the inigference
p(t) the sales price made by the forwaidgveriod t pricep, (1) = p() -

d(t) the procurement (demand) in peridd

period t 5.1. Decision under Symmetric Information
7, (t) the forwarder’s revenue in period Under this situation, carrier and forwarder aracted to
) _ ) different enterprises, and make their decisioneetipely.
7,(t) the carrier’s revenue in periot Carrier decides the contract prices, and forwasdemre-

) i sale price and order quantity. The Von-Stackellyznge
All the parameters above satigift) 2 k(t) 2 ¢, while  rqcess between carrier and forwarder is:

k(t) = ¢ is the situation that the decision is made by the

. . . L At period t, the decision of carrier is:
carrier and the forwarder jointly. It is a class$ipaicing

problem of marketing on vertical integration of tbar- () =[k() —-d>xd ) 3)

rier and the forwarder [15,16], we don’t study omiore

in the following. Based on that, we adopt dynamic programming
method to find the general property of carrier'sechive

4. Reference Effect Model function. AssumeV, (p(t), p (1) is total profit function

Recently, many empirical studies had tested theepri from period O to period t.

reference effect and set up the reference effacatams, So, the Bellman equation is [29]

of which important empirical studies were based on

prospect theory. Prospect theory considers thatdifke s - _

ference between price and reference price affearken VAP, B () = (KO- 9 d)+ Vi (R #D), p(+1)
demand, and the effect is asymmetrical. Kahnemah anStR (t+D)=y (0 R (9+ A~y (1) p(Y

Tversky [4] estimated that when the loss and the gee 4)
almost equal, we often emphasize the loss moregean

two times as much as the gain. As to the sametiarja At period t, the decision of forwarder is:
consumers often pay attention to that when priaba/e

reference price [26]. Kalyanaram and Winer [27}dds 7,(t) =[p() — k(D] x d 9 ®)
the strong effect of prospect theory under refezeaftect.
The derivation of mathematic equation is following: Then, we adopt dynamic programming method to find

the general property of carrier's objective funotid\s-
suming V;(p(t), p (1) is total profit function from pe-

riod N-1 to periodt.

Assumption: at periodt , the market demand isi(t),
as the function of pricep(t) and reference pricep, (t) .

Copyright © 2008 SciRes JSSM
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So, the Bellman equation is [29] o(t) = at(b+mKk)+ mp(x+A( +=1)@Q-y(d)
- 20+
VPO, B ()= (Y= 9 d )+ Vi 1 1), p( 1) (b+m
stp (t+D =y p (O+ 1=y ©) p(Y
By the first order conditions,ap(t) =}/ >0 ,
(6) ok(t) /2
The forwarder’s decision and state are separablthes ~ 9p(t) _ op(t) _ _
long run objective function can be transformed:into ap, (t) %(b+ m)~° ay(t) Alt+1)<0.
N-1 N-1
= 7t) = ) [(p(h)— k() d(B)] End.
t=0 t=0 (7) . ' .
P (t+1) = y(O) B () + A= y ) p(t) Theo.rem 2: smgl-e-stage profit fun.ct|0nns(t) for the
St _ carrier is concave in the contract prik&) .
pr (0) - H'O
_— . . Proof:
Then, the objective function of the forwarder ians-
formed into optimal control problem about singlatst Solving the first condition of 72°(t) to k(t), we ob-
variable p,(t) and single decision variablep(t) , tain
which we use maximum principle [38) solve the dis-
crete-time optimal control problem. And based og th arr(t) - bt
analysis of the iterative multi-stage problem, veean- ak(t) =2+ MR (Y +(br m ¢
pose the multi-stage dynamic coordination probleto i “At+1)(A-y(t))- 20+ m)k(t)

single-stage coordination problems with classicalia
tion method, and based on that analyze iterative The second conditon of 75(t) to k(t)
multi-stage problem.
. _ > (1) Py

Theorem 1: single-stage market pricg(t) for for- k(]2 =-2(b+m).
warder is pathwise increasing in the contract pride)
and the reference price, (t), decreasing in reference  Because ofb,m>0, we get
effect p(t).

% (t _
Proof: %k(t)]z =-2(b+m)<0.

Constructing Hamilton Function:

H(p, (D, A(t+1), p(t).1) According to Theorem 2, then we can get value of
=[p() —k(9lfa-bg )+ ro p()t= )] 8) k(t) when 77°(t) get the maximum.

+AE -+ pr (O + L=y (0) p(D]

is

ThenTheoren? is proved.

Thatis k(y = &+ 0+ M o mp(I=A( ¢~y ()

oH (p; (1), A(t+1), p(t)’%p(t) =0 (p(t) > k(1) > c), 2(b+m)
then Substituting  k(t) into p(t)y , we get
y=3atb+rmoer3mp()+A(E A=y ()
[a=2(b+m g(d+ mp( }+( b m K P(t) = 20+ m) -

+At+D)A-yt))=0
In particular, when y(t) =0, there is no reference ef-

Solving the canonical equations: fect, the market demand function i(t) = a- bp(9), it is

p,(t+) =y@t)p )+ A-y @) pt), p,(0)=p, definite, through solving Von Stackelberg model, we
: _a+tbc _3a+bc _ _
A =M OACDROY, obtain k(9 ==25= PO === d0 = y(a-b.
r ’
=(p(t) = k() m+ A(t+21)p (1) When p(t) =1, it is complete price reference effect.
A(N)=0 The demand function is transformed intl(t) = a
mp (0)—(b+ m ), and p,(t) = p (0). It is also defi-
We obtain, nite, through solving Von Stackelberg model, weaobt

Copyright © 2008 SciRes JSSM
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a+p(0)+(btmc

KO = p+m)

_3a+3mp (0O)+ (bt mMc

P() 4(b+ m)

d(® = ¥, (a+ mp(0)- (bt m 3.

As to the specified coordination problem between ca
rier and forwarder, we will give a further analysgisthe
Section 6.1.

5.2. Decision under Asymmetric Information

This section analyzes a two-level supply chain coseg
with single carrier and single forwarder. Wheree thar-
rier as the game leader, and the forwarder asoftewier

Xiangzhi Bu, Lei Xu & Li Su

The decision process of the carrier is: before foder
makes the order quantity, the carrier never knoles t
exact reference effect, only knows about the priibhab
p(@=8)=pn . According to Harsanyi transformation
principle, we assume that there exiat kinds of for-
warders; every forwarder has one kind of refereaftect.
Thus, the carrier can’t maximize his profit by sejtonly
one discount price. Then, the carrier announceslisis
count contract in early of each period: set
di(t)<d;(t),i<j, corresponding discount price is
k() =k (t), and c<k;()< k(9. The carrier maxi-
mizes his profit through setting up discount cocttrand,

the order quantity of the forwarder is continuoasd
only the order quantity is equal to or bigger thel(t) ,

the discount price is equal t (t) . According to Bayes-
ian and Revelation principle, at third stage theverder

in the Von Stackelberg model, the forwarder faces &hooses optimal order quantity and discount price a

multi-stage market demand influenced by referenap

Due to near market, the forwarder owns much more.

market information than the carrier. That is to,s&len
the reference effect is asymmetric information, the
warder knows about the exact state. However, beocalus
the asymmetric information about reference efféet, car-
rier knows little. Under this condition, constarisabunt
contract can’t maximize the profit of the carriaydonger.

Assumey(t) is reference effect, ang/(t) satisfies
O<y(t)<1. Here, the probability ofy(t)=y(t) ,
(i=1,2,.n) is p(@=8)=p, and it is common
knowledge ( except reference effect, cost of theiara
and both profit functions are all common knowledge
Under this condition, the decision process of the f
warder is: firstly, the forwarder determines th&ilgrice

according to the reference effect, then inquires dfs-
count price, and determines his ordering quantity.

At period t, the decision of the forwarder is:

75, (8) = [p(Y) — k(9] x A}

Then, we search for the general property of for-

warder’s objective function using dynamic programgni
method. AssumeV, (p(t), p (1) is the total profits func-
tion from period O to period .So, the Bellman equation
is [29]:

VRO, B (9) = (R - KD A+ Vg
(t+1,pt+1),p (t+1)
stp(t+D)=y®Op (O+ @y ®) (1)
According to the optimization principle of dynami
programming method, sub strategy of an optimatesgsa

is optimal. According to the analysis of Sectiod,4at
period t, the optimal pricing strategy of forwarder is

¢ _3a+(b+mect3mp()+A (1)@ y (D)
p(t) = 4(b+m) '

)

Copyright © 2008 SciRes

cording to his type, for examplég(9), k(9} , and this
signal releases the forwarder’s type.

Theorem 3: the combination of discount price and or-
der quantity is{[ g( 9, q.4( ], k(}} .
Proof:
According to the result oTheorem 1the market re-
tailing price AL is corresponding to
o (= 2O MK+ mpOACEDA-K ()
2(b+m)
according to Theorem 2, the discount price of theier
s k(=2 (Orm et mpO-ACEDA-y()).
2(b+m)

Based on the formula ofy; () and k; (t) , we can obtain

the order quantity g (t) =%><[a+ mp () —( b+ M«
-A(t+1)(1-y; )] at periodt when the reference ef-

fect is )i (t); And correspondingly, when the reference
effect Vi) , the order quantity

Ga(t) = ¥y x[a+ mp() =( b+ & A( A~y (D]
So when the forwarder’s type jigt) , the carrier set up
the combination of discount price and order qugrit

{[a(d, 94031 k(3 -

5.2.1. Mechanism Design

Because the reference effect is not common knowlé¢alg
the carrier, we can take the carrier's decisiom atassi-
cal mechanism design problem. And based on thdareve
tion principle [31], the carrier can maka kinds of
combination{[ (9, g.4( 3], k(3} . Each combination
matches along with one type of forwarder. Assuntiveg

QM) (g)=<Q()=q,(Y> and k(t) is a combina-

is is
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tion of discount price and order quantity to typefor- to IC_,,i=23,..n and IC,;,,,i= 1,2,..n-1is
warder, so the expected profit of the carrier B){1 equal.
VE(k(Y), p(9) = p(k(d— 9 d(} 2) The sufficient condition to solve problem 5.2s2

for the given conditiofig (9, k(9} , there must exist fea-
sible solution of 5.2.2 satisfies} (t) =Q(k(9), and
satisfies Individual Rational ConstrainR , Incentive
Compatibility ~ Constraint IC,; ;,i=2,3,.n  and
IC,..,i=12,.n-1

+ViZa(k(t+12), p(t+ 1))
st maxzr @Q ),k (t)= 0,i= 1,2,..n ,..0R
QM. k(M) 27(Q (9. k (9).i
=12,.n,j#i,.AC; )
Q)=0,k()=0,i=1,2,..n

i+l
As to the proof ofTheorem 5[31,32] have given com-
(10) plete proof.

Where,.the first item is Individual Rational cormgtt 6. Case Simulation and Discussion
(IR,) which ensures the forwarder to accept the dis-

count contract; the second item is Incentive Coibjiag ~ 6.1. Digital Simulation under Symmetric

constraint (IC,;) which shows typei forwarder Information
chooses the combination {discount price, order titgn The above sections give the property of singlegukri
corresponding his type. profit function. However, as to multi-period probieve

can't give the pricing trajectory of both the carriand
the forwarder directly. Based on the analysis aoftiBa
5.1, we discuss the optimal pricing trajectory of
multi-period discount contract, and the pricing idiem
of the carrier through case simulaiton. We take ftite
lowing parameters for exampley(t) =0, p(t)=0.2,
The segmentation of order quantity that the carrier .., _ _ _ - -
makes is corresponding to the forwarder's typet tha Y =04, y)=06, y(1)=08, =1, a=30,
b=2, m=3=46,=2), c=4, p(0)=5. Be-

G =%f[a+ mp()=(br iy e AC EDA=x (D] cause shipper goods, in particular the brand conitrasd
Theorem 4: the optimal order quantity of the for- have different procurement frequency. We choose 22

warder is the initial quantityq () in the interval Periods as rolling horizon windows. The trajectarly
discount price, retailing price and profit undeference

5.2.2. Analysis of Mechanism Design

According to the maximum principle, the forwarder
chooses the optimal order quantity, and in thedthiage,
the forwarder releases his type to the carrierutinosig-
nal about the forwarder’s type.

[G(D, 9. (9] . Thatis: effect is following:
q (t) =}/><[a+ mp () —( b+ M e A( #1)(L-y (D] (Notes: the Lagrange multipliers are different td-di
4 ferent time windows, and then the results of dataysis
Proof: are different)

according to Theorem 1 and the principle of Mecha- Figure 1 gives the forwarder’s optimal pricing é&@j
nism Design in section 4.2.1, Theorem 4 can bequtov tory about six kinds of reference effect. When téfer-

simply. ence effecty(t) =1, the forwarder chooses the lowest
Based oriTheorem4, we transform formula (10) into price and holds on for the whole time windows. Whwn
(11): reference effecty(t) =0, the forwarder makes the

highest price and also holds on. Under other rafare

ViE(k(D, p(9) = R(k(D= 9 dO3+ M (K #12), 6 +1))

st maxz @ ).k )2 0,i= 1,2,.n ,.aR ) 3
72 (g (1), k () = 77(q (9, k (9),1 12| 0
L2 21 ) of e T =

G(®20k (1)20,i=12,.n

of
(112) al
Theorem 5: 1) the sufficient and necessary condi- 7|

tion to solve problem 5.2.2 is: for the given condi 6
tion {g(9, k(9} , problem 5.2.2 must satisfy Indi-

vidual Rational ConstraintlR ; the feasible solution Figure 1. The forwarder's resale pricing trajectory curve

0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 tlN2ttl3 tl4 t15 tl16 t17 t18 t19 20
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effects, the initial prices are equal, and from seeond upper boundary value ofy=1 and lower boundary
period, the forwarder increases the retailing pritee  value of y=0.

prices converge to the same at last. In some sémse,
function of the retailing pricing can be taken ancave

According to analysis of dynamic von-Stackelberg
model, the carrier gets to know that the forwarddt
Sower the retailing price and by raising the demgnen-
tity dramatically to “seize the last opportunitynd fur-
thermore, the forwarder has made much preparation.
Thus, as a believable signal, the carrier will makgh

price through increasing retailing price in thelygeri-
ods, and then lows retailing price to lifting thendand
guantity dramatically, in particular in the lastripgl. So

that the forwarder could rake in exorbitant profifgure . o o iaht
3 also gives the same interpretations about therord price, and iny this discount price 1s not highteart the
retailing price, the forwarder will accept the awaut

guantity, the order quantity of the last periodctess to . ; .
the maximum level. And the same Lagrange multiplier(WlthoUt ordering cost and purchasing cosf).

A(22)=0 leads to the convergence of the last resalé.2. Digital Simulation under Asymmetric Information
price. At the same period the resale price is dsing in
reference effecty, it is in accord withTheorem 1 As
Figure 2 and Figure 3 show, When the referencecteffe
y(t) =1, the carrier gets lowest profits.

According to the principle of mechanism design, tale
the following parameters as exampleg/(t)=0 ,
y(t)=0.2, p(t)=0.4, p(t)=0.6, pt)=0.8, pt)=1.
And based on these situations, we discuss the cambi

As shown in Figure 2, when the reference effect igions of the discount price and order quantity, sested
y(t) =1, the optimal pricing strategy of the carrier isico the profits of the carrier under different referereffect.
stant in the whole time windows, and in this sitrathe  Other conditions are the same as section 4.1.1.

carrier takes the lowest price. In combination ithure 3, Based on the result of Figure 4, when the referefice
we can obtain that the carrier gets the lowestitpdfhen o is asymmetric information, the decision of fioe-

the reference effect ig/(t) =0, the optimal pricing \yarder is not affected; the decision process isstme as
strategy of the carrier is also constant in the l@lime  the former. Thus, we don't repeat it here.

windows where the carrier takes the highest pricbthe ] o . ]
highest profit. Under other situations, the disdqonices According to the principle of mechanism design, the

and corresponding profits of the carrier are betwee carrier can maximize his profits through making tiaul
combination of discount prices and order quantitéasl
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with the help of the mechanism, the carrier wilblinthe
forwarder’s type. That is when the forwarder cheotbe
relevant combination; he releases real referenéectef
unconsciously. Thus, the carrier can realize thmesa
profit as the situation where the reference effecdym-
metrical information.

6.3. Different Rolling Time Windows Analysis

For the maximum profit, the forwarder decides tipi-o
mal resale prices and the optimal procurement dyant
Moreover, he must take into account the price esfeg
effect of its downward market. Due Ttheorem 1 sin-
gle-stage resale pricep(t) is pathwise increasing in the

213

The reference pricep, (t) is exponential smoothing
in resale price p(t). And the exponent represents the
reference effect of the shippers. We také) =0.4 for

example. Based on Figure 4 and Figure 5, it shdws t
long-run relation between resale price and refexgmice.
As Winer [28] tested,

P (t+1) =y p()+ Q-y®)p (V)

Based on the decision of the forwarder, the cadeer
cides the contract prices to maximize his profis. Rg-
ure 6 and Figure 7 show, the carrier's optimal st
prices curve and the forwarder’'s procurement clane

reference pricep, (t) , and decreasing in reference effectthe kinked S-shaped.

y(t). However, it's only a single-period optimal degcisi
As a multi-period decision problem, we should slsmme
managerial suggestions about a long-run pricingsibec
in additionally, under price reference effect.

As the simulation result of Figure 4, it shows thz
multi-period resale prices are concavetinlt is different

from the result of Popescu and Wu [20], which prbve
that optimal pricing policies induce a perceptioh o
monotonic prices. In our paper, we analyze theleesa

pricing policies, but also the optimal procuremedati-
sion. Theoretically, so long as the forwarder knabeut

his decision period or about approximate one, he ca

make the optimal resale prices to maximize his dany
profit.

0 t1 2 t3 t4 t5 t6 t7 8 t9 t10 t112tt13 t14 t15 t16 t17 t18 t19 t20 t21

Figure 6. Carrier's contract prices in different rolling
time windows

10 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t1N2tt13 t14 t15 t16 t17 t18 t19 t20
Figure 7. Forwarder's procurement level in differert
rolling time windows
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7. Conclusions and Future Study

We propose a stylized model of dynamic pricing dar-
rier that sells a finite quantity of units of cafgcto
price reference shippers, using dynamic programming
method and classical variation method. In the segec
service supply chain, the carrier applies discaamitract
under the market demand influenced by current i
reference price. Based on that, the paper consigers
situations: the reference effect is symmetric infation

or not. Under both of situations, how the carrieakes
his discount pricing decision and how the forwarder
makes his resale price and procurement level age th
critical problems in the paper.

For the first case, we identify dynamic von- Stacke
berg equilibrium for the game between carrier (pgc
strategy) and forwarder (ordering strategy). Andfimd
single-stage market pricep(t) for forwarder is path-
wise increasing in the contract pridgt) and the refer-
ence pricep, (t) , decreasing in reference effegft),
and single-stage profit functiom®(t) for the carrier is
concave in the contract prick(t). Moreover, an em-
pirical study presents the discount pricing is est
upper boundaryy=1 and lower boundaryy =0, and
the bigger the reference effect is, the lower tlsealint
price is.

For the second case, the carrier designs relevant
mechanism to make forwarder to show his type atimut
market demand, and based on that, to maximizerbfg p
through Bayesian game.

Reference effect interfaces with the drivers of the
benefits of price segmentation. Especially, theattee
reference effect leads to a complex where carnet a
forwarder make decisions. Carrier and forwarder tmus
take into account both the past price and the redet-
ence price. In the paper, we assume the shippategit
cally purchase, and the shippers know about alf¢bale
prices and their own reference price.

There are several directions for future investmadi
within this line of research. For example, we cansider
a situation where the spot market and contract ame
exist at the same time. Facing uncertain demand and
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price of spot market, how carrier should alloc#te ta- [12]
pacity between spot and contract market, respdgtive
And in the contract market, what price carrier stiou [13]
announce. We don't allow players to overbook in the

paper. However in practice, overbooking and otlesrev

ties of rules should be used to prioritize loadsemlkle- [14]
mand exceeds total supply. And in the paper, warass
shippers have homogeneous memory effgctSo a de- [15]
tailed investigation of reference effect with batintrac-
tual and spot market capacity purchases is anadlihec-
tion worthy of future study. [16]
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