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One of the important aspects of the theory and practice of firms is development of an optimal dynamic pricing strategy. Traditional marketing models consider
the consumer as a rational agent who makes decisions based on current prices. However, in the dynamics, with repeated purchases, consumers form price
expectations or reference prices which are compared with current prices. This effect is known as “the reference price effect”. The work focuses on the dynamic
monopoly pricing in the presence of the reference price effect. To study this question, the author constructed a model of the monopoly selling the product
over T periods. The study considers a case when the reference prices are formed on the basis of prices from the previous period. In this case, buyers’ purchase
decisions also rely upon the ratio of the current and previous prices. In the long run, the monopoly can have various efficiency criteria. The article considers two
efficiency criteria: the maximum profit within each period of time and the maximum profit for the whole time. The study allowed finding discrete and equilibrium
solutions. A comparative analysis of profits of the monopoly by two criteria resulted in the following conclusions. In comparison with the situation of the absence
of the reference effect, optimization by the global criterion increases profits and that by the local criterion reduces them. Obtained results show that in case of
optimization by the global criterion the reference effect dwindles in the long run.
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MenbHukos C. B. JuHamuyeckoe yeHoob6pa3oeaHue MOHOMOAUU
¢ yyemom 3ghghekma crpasoyHoli yeHo!

OO0HUM U3 8aXHbIX 80MPOCO8 MEOPUU U MPAKMUKU OeamensHocmu (upm
Asnaemca paspabomka onmumaneHol yeHosol cmpameauu. TpaduyuoH-
Hble MapKemuHaoeble Modeau paccmampuearom nompebumens Kak pa-
UUOHA/IbHO20 d2eHMa, Komopbili MpuHUMaem peweHus, 0CHOBAHHble Ha
mekywjux yeHax. OOHaKo 8 OUHAMUKe MU MOBMOPHbIX MOKYMKAX nompe6u-
menu opmupyrom yeHosble OXUAAHUS UAU CIPABOYHbIE UEHbI, KOMopble
CpasHUBAKOM C MeKyWUMU yeHamu. JaHHell ahhekm nosyqun HaseaHue
«3hghekm cripasoyHoli yeHbl». B pabome uccnedyemcs OuHamuyeckoe
eHo06Pa308aHLUE MOHOMOAUU C MpucCymcmeuem ddexma cnpagoyHoli
ueHsl. C amoli yenblo mocmpoeHa modes MoHoOMoAUU, Komopas npodaem
npodykm e meyeHue T nepuodos. PaccmompeH cay4ali, Koeda cnpasoyHble
UeHbl hopMUpPYIOMCA Ha OCHOBE UeH Mpowsio20 nepuoda. B amom cayyae
peweHus nokynameneli OMHOCUMENbHO MOKYMKU 3a8UCAM MAK#e U om
COOMHOWEHUSA MPOWbIX U MeKYWUX yeH. B donzocpoyHom nepuode MoHo-
110/1UsA MOX(eM umems pasHble KpUuMepuu 3ggexkmusHocmu. B cmamee pac-
cMompeHsl 080 Kpumepus 3eekmusHOCMU: MAKCUMYM MPUbLIAU 8 KaM-
0Obili nepuod u makcumym npubbiau 3a ece epems. B xode uccnedosaHus
HalideHsl uckpemHbie U pagHoBecHble pewleHus. CpasHUMesbHbIl aHanu3
npubbineli MoHoNoAuUU Mo 08YM KpUumepusm no3eosnsem coenams caedyro-
wue 8bi800bl. 1o cpasHeHuto ¢ cumyayueli omcymcmeus CrpagoyHozo 3¢-
thekma onmumu3ayus no 2a06a16HOMyY Kpumeputo nossiwaem npubbins,
a M0 A0KaAbHOMY — CHUMcaem. OnpedeseHo, Ymo Mpu ONMUMU3AYUU Mo
2n106a16HOMY Kpumepuro 8 00/120CPOYHOM nepuode CrpagoyHsili aggexkm
Hugenupyemcs.
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Introduction. One of the important aspects of the theo-
ry and practice of firms is development of an optimal dynamic
pricing strategy. Traditional marketing models consider the
consumer as a rational agent who makes decisions based on
current prices. However, in the dynamics, with repeated pur-
chases, consumers form price expectations or reference prices
which are compared with current prices. This effect is known
as “the reference price effect”. Reference prices are determined
by the following factors:

1. Memories of past prices. The price paid for the goods
the previous time becomes a comparison basis for
new prices.

2. The prices of related products and services.

3. The price of the favourite brand.

4. The nature of the industry. For example, people have
come to expect large discounts in clothes shops.
When they see clothes on sale at a full price, they may
remember that these prices are likely to be reduced at
a later stage.

5. The price which occurs in the market most often.

6. The fair price. Each consumer has their own opinion
about what price level is fair.

In marketing research the effects of the reference price
became widely used after the article by Monroe (1973) [7].
Putler (1992) [9] incorporates reference price effects into the
traditional economic theory of consumer choice and exam-
ines the effects of reference price formation on the results of
the traditional theory. Greenleaf (1995) investigates the impact
of reference price effects on retail promo prices and describes
why these effects can make promoting profitable. Kopalle et
al. (1996) [6] consider a group of frequently purchased con-
sumer brands which are partial substitutes and examine two
situations. In the first situation a group of brands is managed
by a retailer, and in the second one the brands compete in an
oligopoly. Anderson et al. (2005) [1] model the temporal pric-
ing strategies for two firms with asymmetric costs and differ-
ing market power. Fibich et al. (2005) [2] derive an analytical
expression for the price elasticity of demand in the presence
of reference price effects and conclude that the effect of refer-
ence price is most noticeable immediately after a price change,
before consumers have had time to adjust their internal refer-
ence prices. Popescu and Wu (2007) [8] consider the dynamic
pricing problem of a monopolist firm in a market with repeated
interactions, where demand is sensitive to the firm’s pricing his-
tory. Gavious and Lowengart (2012) [3] aim at exploring the
influence of such effects on demand and study firms’ pricing
strategies when asymmetric effects of the reference price exist
over a finite or infinite decision horizon. Kachani et al. (2014)
[5] research a competitive model of duopoly market for a single
product where retailers interact through their influences on the
customers’ reference price. Zhang (2014) [10] studies the inte-
grated impact of the reference effect and the substitution effect
on the price decisions of firms.

Thus, modeling of dynamic pricing of firms under refer-
ence price effects is certainly of theoretical and practical interest.

Problem statement. We consider a case when reference
prices are formed on the basis of the prices of the previous pe-
riod. In this case, the consumers’ purchase decisions also de-
pend on the ratio of the past and current prices. In the long run,
a monopoly can have different efficiency criteria.

Thus the aim of this article is to research dynamic mo-
nopoly pricing for different efficiency criteria taking into ac-
count the reference price effect.

Main results and their justification. Zhang (2014) [10]
investigated the model of a monopoly that sells the product in
two consecutive periods. The reference price effect as an ad-
ditional component of the basic demand occurs in the second
period.

Itis of interest to generalize the results obtained by Zhang
(2014) [10] to the case of an arbitrary number of periods.

Consider a monopoly that sells a product over t L peri-
ods, t=0,1,.., T . The set of periods where the reference price
effect occurs we define as N={1,2,.., T}. The product is pro-
duced at a constant unit cost z. The demand for the monopoly
product depends on two factors: current price and previous
price. In the zero period the effect of reference price is absent.
The basic demand (in the absence of the reference price effect)
is characterized by a traditional linear function Qy =b—k-F,,
where By and Q, are the price and demand volume in the
zero period, b is market potential, and k is the coefficient of the
price sensitivity of demand. Non-negativity condition for the

demand Ry g%

The reference price effect can be characterized as
@-(P,—P) teN, where @ is the coefficient of the reference
effect measuring the consumer’s sensitivity to price change in
time.

Thus, starting from the first period, the consumer
will receive additional gains or losses from price chang-
es. Accordingly, the demand function will be as follows:
Q =b—k-P,—¢-(P,—P_;),teN . Non-negativity condition
b+9-F4

k+o

We make a natural assumption that the coefficient of
price sensitivity has a greater impact on the demand than the
coefficient of the reference effect, k>¢.

Consider two criteria: the maximum profit within
each time period (I) and the maximum profit for the whole
time (II).

Criterion I - the maximum profit within each time pe-
riod. We assume that the monopolist is in the period t — 1 and
wants to maximize profit in the next period ¢.

The monopoly’s profit is

for the demand A, <

For t=0, Fy=(R—2)-(b—k-Py) >max.
Ry

For teN, F=(P,—2z)-(b—k-P,—@-(P,—P_;)) > max .
R
By equating the first-order derivatives to zero, we find
the optimal prices.

x b-z-k
For t=0, PPN =z42"2 7 1
A o (1)

Q-P_1+b—z-(k+o)

For teN, Pt*(’):z+
2-(k+0)

2)

The price (1) is the optimal monopoly price in the ab-
sence of the reference effect, Py =P}, .
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The expression (2) is a linear non-homogeneous first-
order difference equation.
Let us present a general solution to this discrete diffe-
b-z-k
for

rence equation with the initial condition P =z+

t=0

P =gy @ _9(b-z:k)  b-z'k
2:(k+9)) 2:k:(2:k+9) 2-k+¢

teo,T.

*
29 ~
28 -+
27 A
26 1
25 A
24 A
23 A
22 A

21 : : : : —
0 4 8 12 16 20

(a)

102
100 -

Using the equilibrium condition P, =F,_;, we find the
equilibrium solution to the equation (2):

pet = 54 072K (3)
2-k+¢
Below are the optimal trajectories of the monopoly with
the initial conditions: b=10,k=0,2,9=0,1,z=6,t=0,20
(Fig.1).

98 A
96 -
94 4
92 A
90 -

88 r T r . r ¢
0 4 8 12 16 20

(b)

Figure 1. The trajectories of the optimal prices (a) and profit (b) by criterion |

Criterion II - the maximum profit for the whole period.
The monopoly’s profit is

r
F= th — max (4)
S e

Monopoly profits within each time period.
FO =(P0 —Z)'(b—k'Po),
R=(A-2)-(b—k-A-¢-(A—F)),

Fo=(P=2)-(b—k-P.~¢-(F~P ),
Fer=(Pe=2)-(b=k-R1 = (P = R)),

Fr=Pr=2)-(b=k-Pr—-(Pr = Pr_y)).

Equating the corresponding first-order partial deriva-
tives to zero, we obtain a system of equations:

b+z-(k—¢) ¢
Ppp=— Y 4p. T, 5
» Y +P v (5)
Py 2K@) p p BT LTS ()
b+z-(k+) ()
= + N .
fr 2-(k+¢) o 2-(k+¢) 7

Let us now find a general solution to the linear non-ho-
mogeneous second-order difference equation (6).

In order to do this, we first find the solution to the ho-
mogeneous equation

2-(k+0)

P2 PR +R =0, ®

2-(k+9)

The characteristic equation: A2 —2-""*7.3 +1=0.
The discriminant equals D = L;Z(p) >0.
¢

We have two different real roots

- k+ot\k-(k+2-9)
2= .

¢

The general solution to the equation (6) has the form

P::CTM+C2~7»§+I-}(O), where C;,C, are arbitrary con-

pl0)

stants, P is a particular solution to equation (6). The par-

ticular solution will be sought in the form P =A-t .

A-(t+‘|)_M,A_t+A.(t_1):_b+Z-k’ A:b+z-k,
¢ 0 2kt
b+z-k
plO) = _
! 2.k )

We have obtained that a particular solution to the equa-
tion (6) coincides with the optimal monopoly price in the ab-
sence of the reference effect (1), A% =py,.

Thus, the general solution to the equation (6) is:

b+z-k

Pt*(”)=C'|'>\r|t+C2‘7\4£+ 2k ] (10)

We find arbitrary constants C;,C, from the boundary
conditions (5) and (7).

_ %12 =10y

Y10 —0gp-Y
C=1%2"%272 ,
Olqq-0ipp =0l -0l

!
Olyq-0pp =0y -0l
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where

P T
2:(k+o)

;
0‘11=1—2%'7b1: 0‘12=1—2%'7~2r Op1=MA -

(X22=7L2T—2 QI 1=b+z-(k—(p)+b+z-k.(i_1)’
k+9) 2k 2k \2k
Yz:b+z~(k+(p)+b+z~kv I
2-(k+0) 2.k |\ 2:(k+9)

For example, for two periods (t =0, 1), formulas for find-
ing the optimum prices are:

P
36
34 |
32
30
28 |
26
24 |

1

20 T T T T t
0 10 20 30 40

« 2-k+3-

R =z4(b—k-2)—t 2 (g
4-k“+4-k-o—0¢

P1*(”) :z+(b—k-Z)-%- (12)
4-k"+4-k-9o-¢

At the zero unit cost (z=0), formulas (11) and (12) co-
incide with (Zhang, 2014).

Below are the optimal trajectories of the monopoly
with the initial conditions: b=10,k=0,2,0=0,1,z=6 for

t=0,20 and t=0,40 (Fig.?2).

110 ~
105

100

95 +

90

85 T T T — t
0 10 20 30 40

Figure 2. The trajectories of the optimal prices (a) and profit (b) by criterion Il

Figure 2 shows that in the long run the optimal prices
will tend to some equilibrium price. Simultaneously, the de-
crease in the optimal prices is connected with the end of the
planning period — the boundary condition (7). Using the equi-
librium condition P,_; =P, = P,,;, we find the equilibrium solu-
tion to the equation (6):

e(ll) _ b+z-k o
P = Y Pr-

Thus, in the equilibrium state (t — o) the impact of the
reference effect on the optimal price disappears, the solution to
the homogeneous equation (8) will tend to zero, and only the
particular solution (9) will stand.

Zhang (2014) [10] found that Pg(”) > P,:q and P1*(”) < P,:, .
This result was obtained because the study considered only two
periods (t=0,1). Consideration of the activities of the mo-
nopoly in the long run allowed concluding that the equilibrium
price will tend to the optimal price of the monopoly in the ab-
sence of the reference effect (P,:q) .

For comparison we show all optimal trajectories of the
monopoly with the initial conditions: b=10,k=0,2,9=0,1,
z=6,t=0,20 (Fig.3).

Comparing the dynamics of profit according to two
criteria, we can see that the profit by the global criterion II is
higher than that by the local criterion I. This is due to the fact

that optimization within each period ignores all dependences
of prices in time.

Conclusions. Fibich et al. (2005) [2] concluded that the
effect of the reference price is most noticeable immediately af-
ter a price change, before consumers have had time to adjust
their internal reference prices. This is consistent with our re-
sults. The monopoly can increase its total profit in the presence
of the reference effect exactly in the initial periods (Fig. 3).

Comparative analysis of the monopoly profit by two cri-
teria leads to the following conclusions. Compared with the
situation of absence of the reference effect, the optimization
by the global criterion increases profits and that by the local
criterion reduces them. Also, we can conclude that in case of
optimization by the global criterion in the long run the refer-
ence effect dwindles.

In the future we plan to model monopoly pricing strate-
gies taking into account other marketing effects.

JITEPATYPA

1. Anderson C. Competitive pricing with dynamic
asymmetric price effects/ C. Anderson, H.Rasmussen, L. MacDonald
// International Transactions in Operational Research. - 2005. -
Vol. 12, Issue 5. - P. 509 - 525.

2. Fibich G. The Dynamics of Price Elasticity of Demand
in the Presence of Reference Price Effects / G. Fibich, A. Gavious,
0. Lowengart // Journal of the Academy of Marketing Science. -
2005.-Vol.33,N2 1.- P. 66 - 78.

3. Gavious A. Price-Quality Relationship in the Presence
of Asymmetric Dynamic Reference Quality Effects / A. Gavious,
O. Lowengart // Marketing Letters. - 2012. - Vol. 23, N 1. - P. 137 -
161.

364

MNpo6nemn ekoHomikm Ne 1, 2015



MaTtemaTtunyHi MeToam Ta Moaeni B eKOHOMiL

Pt
36 1
344, p. (1

32 1

*

30 A

28

26 .
o\

24 A

22 A

20 T —t
0 10 20

(a)

110 - *(Il)
105 |
100

95 K m

90 - R

85 t

(b)

Figure 3. The trajectories of the optimal prices (a) and profit (b) by all criteria

4. Greenleaf E. A. The Impact of Reference Price Effects on
the Profitability of Price Promotions / E. A. Greenleaf // Marketing
science. - 1995.-Vol. 14,N2 1. - P.82 - 104.

5.Kachanil S.DynamicPricingin the Presence of Competition
with Reference Price Effect / S. Kachanil, Y. Oumanar, N. Raissi //
Applied Mathematical Sciences. - 2014. - Vol. 8, N¢ 74. - P. 3693 -
3708.

6. Kopalle P. K. Asymmetric Reference Price Effects and
Dynamic Pricing Policies / P. K. Kopalle, G. R. Ambar, L. A. Joao //
Marketing Science. - 1996. - Vol. 15,N2 1. - P. 60 - 85.

7. Monroe K. B. Buyers' Subjective Perceptions of Price /
K. B. Monroe // Journal of Marketing Research. - 1973. - Vol. 10,
Ne 1.-P.70 - 80.

8. Popescu . Dynamic Pricing Strategies with Reference
Effects / I.Popescu, Y. Wu // Operations Research. - 2007. - Vol. 55,
Ne 3.-P.413 -429.

9. Putler D. S. Incorporating Reference Price Effects into a
Theory of Consumer Choice / D. S. Putler // Marketing Science. -
1992.-Vol. 11, Ne 3. - P. 287 - 309.

10. Zhang T. Dynamic Pricing Strategy with Internal
Reference Effect and Competition /T. Zhang // Journal of Emerging
Trends in Economics and Management Sciences. - 2014. - Vol. 5,
Ne2.-P.187-193.

REFERENCES

Anderson, C., Rasmussen, H., and MacDonald, L. “Competitive
pricing with dynamic asymmetric price effects”International Transac-
tions in Operational Research vol. 12, no. 5 (2005): 509-525.

Fibich, G, Gavious, A, and Lowengart, O. “The Dynam-
ics of Price Elasticity of Demand in the Presence of Reference Price
Effects”Journal of the Academy of Marketing Science vol. 33, no. 1
(2005): 66-78.

Gavious, A, and Lowengart, O. “Price-Quality Relation-
ship in the Presence of Asymmetric Dynamic Reference Quality
Effects“Marketing Letters vol. 23, no. 1 (2012): 137-161.

Greenleaf, E. A.“The Impact of Reference Price Effects on the
Profitability of Price Promotions“Marketing science vol. 14, no. 1
(1995): 82-104.

Kachanil, S,, Oumanar, Y., and Raissi, N.“Dynamic Pricing in the
Presence of Competition with Reference Price Effect"Applied Math-
ematical Sciences vol. 8, no. 74 (2014): 3693-3708.

Kopalle, P. K, Ambar, G. R, and Joao, L. A. “Asymmetric Refer-
ence Price Effects and Dynamic Pricing Policies"Marketing Science
vol. 15, no. 1 (1996): 60-85.

Monroe, K. B. “Buyers’ Subjective Perceptions of Price”Journal
of Marketing Research vol. 10, no. 1 (1973): 70-80.

Popescuy, I, and Wu, Y. “Dynamic Pricing Strategies with Refer-
ence Effects"Operations Research vol. 55, no. 3 (2007): 413-429.

Putler, D. S."Incorporating Reference Price Effects into a Theo-
ry of Consumer Choice"Marketing Science vol. 11, no. 3 (1992): 287-
309.

Zhang, T.“Dynamic Pricing Strategy with Internal Reference Ef-
fect and Competition"Journal of Emerging Trends in Economics and
Management Sciences vol. 5, no. 2 (2014): 187-193.

Mpo6rnemn ekoHomikm Ne 1, 2015

365



