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Technical Appendix

1. Modeling the interplay between quantity and loyalty

We extend our model to incorporate the interplay between quantity and loyalty. In our basic
model, we assumed that both high and low type customers have the same level of preference
stochasticity. Hence, there is no explicit relationship between purchase quantity and customer
loyalty. However, it is possible that preference stochasticity differs across the high and low
segments due to differences in loyalty. The fact that some consumers buy larger quantities can be
a sign that they are more loyal to the firm. To assess the robustness of our model to this potential
relationship between quantity and loyalty, we extend our basic model to allow for different levels
of preference stochasticity for each segment. We consider a special case of our general model,

where a =0.5, =2 case as an example for this robustness analysis.

We capture differences in preference stochasticity between the two segments using a
multiplier, x €[0,1], where H-type customers’ preference stochasticity is now «- £ and the L-
type customers preference stochasticity is £ . The x implies at high type customers will on

average be more loyal to the current supplier (i.e., they are less vulnerable to the external shock )

in the second period.

Thus, second-period locations may change due to external situational shock, drawn from a

uniform distribution (@ ~UJ[0,1]) with probability # for low type customers and « - g for high
type customers, where [ €[0,1] captures the extent of the preference stochasticity across time.

Therefore, customers’ locations correlate over the two periods but high type customers are more

likely to stay in the same location (more likely to be loyal), and the expected location of the
second period for a customer is E" (6’2) = xfw+(1-xB)6, and E" (192) = fw+(1- £)6, for high
type and low type customer, respectively.

We can now re-write the conditional probability that H-type customers will locate in a certain

range of the Hotelling line, given their first-period purchase choice of A or B, as follows:

i (I-x-p)+x-px if 01 <X,
Pr[6, < x|6, <6:]= 0 !
[6, | 1 1] (l—K-,B)%"'K"ﬂX if 61 >x, )
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A=1-B)+1-BA-x) if 6 =X,

1-Xx
(1—|-ﬂ)1_é1

Pr[6, > X|6, > 61] = (T2)

+1-B(1-%x) if Oi<x

Similar to the analysis in the text, the second-period profits of retailers A and B in equation (3)
are now re-written as

1 = (p™)qd: Pr™ +(p’Y)or PrAL+(p;\°){q(1—él”)(1—PrBH)+(1—éf)(1—PrBL)}
(T3)

I = (p®)q(1—a ) Pre" +(pr)(1—éf)PrBL+(p§O){qélH (1-P™ )4 81 (1-Pr™ )}
Using equations (T1) and (T2) as well as equations (1) and (2) in text, we obtain the second-
period prices by solving the retailers’ first-order conditions.

We can replicate our main result about rewarding own high type customers when there is a

—9+25a+\/81—66a+241a2)

32a

threshold level of preference stochasticity among the H-type (i.e., x >

We state this finding in the following proposition:

Proposition T1:

_ Nererrrrsyrr . 7+433
Suppose that j > Z2t25a*+V81-66a+241 (j ¢ in this special case of @ =2, k > . ~0.869).
32a

(@) Reward Competitor’s Customers: When customer mobility is low

(B < x(2,%,x)=1%), there exists a symmetric pure strategy equilibrium in second-period

prices, such that retailers charge pi" = pi =07 pit = pit =20 and

~ 2010-45-5) * = 300-4p-5) >

AO _ LBO _  6+2xB+p .y . . A B
P,” =P, =3mag - Ihe equilibrium  second-period  profits are I, =II; =

756—B(66—8 B+x(144—(41+32k) )
288(10-4x6-4)

Moreover, prices follow an ordinal relationship, p)° < p)' < pi-, where i € {A,B}; that is, a

competitor’s customers receive the lowest price.

(b) Reward Own Customers: When customer mobility is sufficiently high

— 3(k-1)+ l3(67;<2—10x+3)
(Bzx(2,5,x6)=

16K -1

) and consumer heterogeneity in purchase quantity exists

(g=2), there exists a symmetric pure strategy equilibrium in second period such that

. AH __ BH _ 1 6 2(6+p+2k0) AL _ BL _ 6-8+7«p
retailers  charge P, =P, —a(m+m—3)= P, =P, =535mg> and
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A0
P,

_ ABO _ 6+p+2xp : A_T78B _
=P, = imng: The second-period profits are I =11, =

752+ B(~36+1(504+ B(60+661-+ B (8+x (32K~ 49)))))

288xB(2+(4x—-1) )

Moreover, prices follow an ordinal relationship, pi2 p'O < p , where i€ {A, B} ; that is,

the retailer’s own high-type customers receive the lowest price.

Proof.

First, we start with the observation that when k =2 :3 ~ 0.869, x(2,3,K) =50 <
— 3(k=1)+,/3(67K>~10K+3 .

x(2,1.x)= +16(K271 +)Sl . Hence, there always exists f<y(2,7,5) =g

}(2’%”{) _ b (674 -10x+3) <1 whena=0.5, q=2.

165> -1

. ~L  ~AL
(a) First, consider the case when f< y(2,7,x)=51;, which ensures that 61 > 6> and

ér >§’?H , 1n equilibrium. Again, using equations (1) and (2), we know that

prAH _(1 wf | g ﬂ)(lm(p —pf ))’ PrA ( ﬁ)(l‘rpz —p} ), pPrét =

(1 <B4 . ﬂ) (D90 and Prft = (%+ ﬁ)(ﬂ) . Similar to the proof of
Proposition 1, we solve the first-order conditions. When o, =1, second-period prices are

AH _ BH _  42-8x8-8 AL _ ~BL _ 18-5x5-p8 AO _ ~BO _  G6+2xB+f .
P, =h, ~ 12(10-4xB-5) ° P, =D, ~ 3(10-4xB-5) ° and Py =Py = 300305 which

~L  ~AL ~H  ~AH
confirms that &1 > 6> and 61 >8> when < y(2,3,k) =] It is obvious to show

that p'O < pizH < pizL from a direct comparison. m

— 3(c-1)+,/3(67x>~10x+3 . .
(b) Next, we look at the case 2= y(2,1,x)= il ) , which ensures that in

16521
equilibrium, the market is élL > é? " and é1H < é? " Again, from equation (1) and (2) we
know that PrA :(1—Kﬂ)+Kﬁ(—l+q(p§2_p£H)), Pr? ( +ﬂ)(“p2 =) ),
pr®" :(1—K,B)+Kﬂ(—l_(‘(p?;_pfo)), and Pr®" = (%tﬁ)(l P2 2%y | Plugging these into
equation (3), we obtain the second-period prices by solving the retailers’ first-order

conditions.  Specifically, when 6 =1 , the second-period prices are
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AH _ BH _ 1 (. 6  2(6+6+2«0) AL _ ~BL _ 6-B+7xf AO _ BO _ 6+f+2kf8
P =P _E(K_ﬁ“L 2-(1-4x) _3)° P =P =5mpmgs and P, =P, =5imny. We

confirm that <~9'1L > é?L and éf < é?H when S > 670w = }(2 L,x). It is obvious

16K -1 222

to show that p)' < pi° < pl from a direct comparison. m

Q.E.D.
In Proposition T1, we replicate our main result. Even if the high volume type is more loyal (i.e.,
more stable preference and has «8 while the low type has preference stochasticity of §), our

result about rewarding high volume customers holds beyond a certain threshold level of k =

7+V433
32

. However, if k is below the threshold (i.e., high preference stability), then clearly the firm

has no incentive to reward its own high type customers because they are very likely to stay with

7+v433
2

the firm. For example, when k < , firms only reward competitor’s customers.



2. Comparison of average prices between own and competitor’s customers

i_avg _ p¥'+pl
=7

We show the condition where the average price, p, , offered to own customers is

lower than the price for the competitor’s customers.

Proposition T2:
Suppose that both heterogeneity in quantities (q > 2) and high levels of preference stochasticity

Zaqz—(q+6)(l—a)+\/(2aq2—(q+6)(1—a))2+12(l—a)(4aqz+(q—3)(1—a)>
400’ +(9-3)(1-a)

exist (8= y(a,q) = ).

If the portion of H-type customer is sufficiently small, then the average price offered to own

; iH 4 pil . o
customers, Py-29 = % can be lower than the price for the competitor’s customers.

Proof.

2aq2—(q+6)(1—a)+\/(2aq2—(q+6)(l—a))2+12(l—a)(4aq2+(q—3)(l—a)>
40’ +(g-3)(1-a) ’

From Proposition 1, we know that > ;_((a, q) =

and there exists customer heterogeneity in purchase quantity (¢ > 2), then it is optimal for firms
to reward own best customers.

LR T . - + +(q-a + +(g-a
The equilibrium prices are p;" = %+—6(§;§ ;EL:‘):{;zljﬂ) , p* :%4_—6(872 ;ﬁfaq):;z:ﬁ) ,and

A0 (2+8)(1+(g-Da) .
P, = Te-baydias)’ The average prices are, therefore,
iavg _ Pepl 1 o ) 638 | 20+(-1+@)a)(2+6)
P = =R B s

Now, we can compare the average price of own customers ( p5-29 ) and average price of

competitor’s customers ( p2°). After a few algebraic steps, we can get

-12(-1+a)+2(-6+q+(6+(-1+q)q) ) B+(3—-5q+(-1+q) (3+q(-2+3q))a) B?

0
12qB(2—-B+a(-2+B+q*B)) >

i_avg io _
P =Py =

—-12+128-2qB-3B%+5q B>
sa< B-2qB-3B°+5q8 _
—12+12B-2qB+2q%B-3P%+5qB>*-5q%B%+3q3p>

In particular, when =1, =2, the above equation simplifies to

pi_avg _ plo _ —7—12(—1+a)+11a+2(—4+8a)
2 2 =

24(1+3a)

>0

Sa<

ul |-

Q.E.D.



Proposition T2 states that when both heterogeneity in quantities and high levels of preference
stochasticity exist (so that the price for H-type is sufficiently low), and the portion of H-type

. . . i H 4 pik
customer is sufficiently small, then the average price offered to own customers, p3-2" :% ,

can be lower than the price for the competitor’s customers. This is so because the poaching price
(i.e., the average price of competitor’s customers) becomes much larger (note that the poaching
price increases as « decreases) while the price for H-type customers is lower.

We illustrate this in the following Figure T1, where =1, =2 . In this figure, the X-axis is . We

fix the preference stochasticity as 1 (the most favorable case) to illustrate the intuition.

Figure T1: Average prices when =1 and q=2

(1) Own H-type, L-type, and poaching (2) Average prices between own

customers and competitor’s
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As Figure T1 (1) demonstrates, as @ becomes close to zero, the poaching price increases
significantly while the price for own H-type customers increase mildly. Hence, the average price
for own customers becomes lower than the average price for competitor’s customers as shown in

Figure T1 (2).



3. Numerical Examples

We elucidate the implications in propositions 1 and 3 of the paper with numerical examples

in Table 2 for alternative levels of preference stochasticity to illustrate both cases of rewarding

own best customers and rewarding competitor’s customers when « =0.5,q=2.

Table 2: Numerical Illustration (o = 4,9 =2)

p=0 B=05 B=0.9 B=1
iy p =4 p =1 pl=0575 | pp=iz=0.504
pipod | P W P =g | =13 =0614 p =4
prices ;=% p." =% p" =3 =0.809 Pyt =4
) =} p;° =1 Pl =2=0.617 plo =2
HBBP — Hl +H2 HBBP — Hl +H2 HBBP — Hl +H2 HBBP _ Hl +H2
_ 3 21 _
Total Profit =s+% =15, 81 =0.431+0.48 =Lsor, B
=8 =0.863 ~1.028 =0.915 ~0.835
WItEJStﬁ};BP HNO BBP — 0.9 HNO BBP — 0.9 HNO BBP — 0.9 HNO BBP — 0.9
P <P <pt | Pl <Pt <pt | Pt <pl<pt | P <Pl <Pt
Comparison

HNO BBP > HBBP

HNO BBP < HBBP

HNO BBP < HBBP

HNO BBP > HBBP

Reward Competitor’s
Customers

BBP reduces profits

Reward Competitor’s
Customers

BBP increases profits

Reward Own Best
Customers

BBP increases profits

Reward Own Best
Customers

BBP reduces profits




