Online Appendix A: Proof of Results

0%m,
ap3

Proof of Lemma 1: Part a: m, is concave in p,, i.e., < 0. The result can be obtained from solving

the first order condition (FOC) g—zz = 0. Part b: m, is concave in p, and II, is concave in p¢,. The results
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can be obtained from solving the FOCs

Proof of Corollary 1: Solving the subgame profit for the case of FE =1 gives

s _ 2a(2—8+6y)—-b(1-26+28y)
17 a(2a(2-26+8y)-b(1-5+2y6)

5p1 and X" = %. Note that 2a(2 — 268 + 8y) —b(1 —6 +2y8) > 0

4(a—b)8(1-6(1-y))*

because 5§<1 and a>b. 2 = (Ga-b)(1-8)+2y5(a-b)

X pEM(i) and

« _ _ (a=b)bs(1-8(1-1))*

? = ab) =0 1275 (a D)) p?M(i) — F. ThenTl; > 0 © p?M(i) > A.o

Proof of Proposition 1: First, consider sub-problem (11a). Define
XE=0 = (1_8+8y)(y2(;i‘s(lt(;);§2(4_5)(1_5)). Solving the FOCs :—; =0 and % =0 gives pF=° = —;

and i£70 = {i: M’ (i) = 4XF=°}. Since M"' (i) < 0, this solution satisfies the second-order condition

2 1

= —=M"(i¥7%) > 0. The solution

:E=0 ., E=0 2
L P1

’m E=0 9’m 9%n ( d’n )
(SOC) because o7 = 2X"=% <0 and o7 o927 ~ \aiop

is unique because M'(i) is a decreasing function. To guarantee the existence of the solution, define

=9 = 0 when M’ (0) > 4X£=0, Then the unconstrained solution of sub-problem (11a) has optimal profit

E=0
ne=0 = M) _ =0 The constraint of sub-problem (11a) is satisfied if and only if M(iF=0) [pf=*]? <

abs(a-b)(2—(2-y)8)*M(iE=0)
4(y(4-38)+(1-y)(4-8)(1-6))” (4a—b—2a8(2-y) +bS(1-2y) )

Ao F>F,= . F, exists and is unique because

if=0 exists and is unique. Therefore, when F > F,, the manufacturer would set i = i¥=° and p, = pf=°,

and firm C does not enter.



Consider F < F,. The constrained solution to sub-problem (11a) can be obtained from substituting

pL = /M( in the profit function, which gives 7 = \/AM(i) — XE=°A — i. (The bar in 7 is used to denote

2 e
the constraint is binding.) a—” = ‘/Z—(ZMIZ/Z(Z) + ;4"1/2(8)) < 0. Define g(i) = X~ ,() ) Then solving the FOC

‘2—_ =0 gives ¥70 = {l g@) = —} This solution exists and is unique because g(0) = 0 and g(i) is an

increasing function. The constrained solution to sub-problem (11a) has optimal profit 7£=0 =
VM@E=0)A — XE=0N — =0

Similar to the derivation of the unconstrained solution to sub-problem (11a), the unconstrained solution to

iE=1 — £i M/ (i) = 4XE=1 E=1 _ M(®TY) _ p=q
={i:M'(i) =4X*=1} and « = i where

1
sz 1!

sub-problem (11b) is pf=

(1- 5+5y)(y(16a —8ab+b2—12a28+2ab5+b?8)+(1-y)(1-8)(16a2—8ab+b?— 4a26+4ab6))

XE=1 = . To guarantee the

a(4a—b-2a8(2—y)+bs(1- 2y))
existence of the solution, define if=1 = 0 when M'(0) > 4X£=1, Note that it is not necessary to consider
the constrained solution for sub-problem (11b) because Vi, p: tE=1(i,p) < nE=0(i, p). Therefore, if the

constraint to sub-problem (11b) is violated, then E = 0 because n£=1(i=1, p£=1) < 7E=0,

Lastly, we will show below that, when F < F,, there exists a unique F; such that =1 > 7f=0 o F <
F,. (1): There exists at least one F; for m=1 = 7E=0 because w£=1 > 7F=% when F = 0 and mf=1 <
7E=0 when F =F,. The second inequality is true because 7F=°=mf=" when F =F,, and

Vi, pf=L(i,p) < TE0(0,p). (2): wE 1 is i 2 (yM@=0) - 2x5=0),

=E=0
’; >0 e M(E=0) > 4A(XE=%)2 . Since F=0 = g1 (g

VA

o) ) so M(F=%) > 4A(XF79)? & - >

gIM 4AXF=))] & 2 VANXE=0)Z /MM~ (4A(XF=0)?)] & M'[M~(4A(XF=0)?)] >
4XF=0 & M'CD(4XF=0) > M~1(4A(XF=°)?). Note that there is a change in sign in the last part

because M’'(i) is a decreasing function. This is true because i¥=° = M'CD(4XE=0) so F < F, &



M(@iF=%) > 4A(XF=9)2 & M'CD(4XE=0) > M~1(4A(XF=%)2). Therefore, 7F=° is an increasing

function, so there exists a unique ;. In summary, the unique optimal i and p; are:

(iE=1,pF=1) ifF <FE
(%, pD) =4 (@=9,pF=%) ifF,<F<F,o

(if=9,pE=0) otherwise
f . N [7. :E=0 _ 1 E=0 _ 1 E=0 _ 1
Optimal solution for the case where M (i) = i: if=0 = siE=yn PI = 3xE=o and m==" = S E=0y
+E=0 AN E=0 _ 3/2n ~E=0 TEING E=0 E=1 1 E=1 1 E=1
o (1_6) o Pi = VAL T - (16 A) XA T axEnz PL T oxEn T -
~ 2(a—b)b8(2—(2-y)6)° ~ 3

——— and F, = - . Let F=3/F. Then
64(XE=1)? 27 32(1-6+y6)(4a-b-2a8(2—y) +b5(1-2y))’ (Y(4-38) +(1-y) (4—8) (1-6))°

7 = wE=1 — 7E=0 is a cubic polynomial in F, with the coefficient for £3 is positive. The two solutions to

Q

_Z =0are F = 0and F = 3/F,. Moreover, 7 > 0 when F = 0 and ## < 0 when F = 3/F,. Therefore, F;

o))

is the cube of the second root to 7 = 0.

Below, it is necessary to show that a polynomial, g(a,b, &), is positive when a > b > 0 and
0 <& < 1. We prove this using the technique of Pun (2015). Specifically, since a polynomial is a
continuous and well-defined function, the minimum is either at the solutions of the first-order conditions
(FOCs) or at the boundaries. Note that the solutions to the FOCs are numeric values; thus, it can be
demonstrated that g(a, b, §) > 0 at these solutions. Furthermore, the boundaries are polynomials of two

variables, which can also be shown to be positive using similar technique. To illustrate, consider the proof

anf=1 a(4a—b-2a8-b8)3X

of =
da 32(16a%2-8ab+b%2—-12a26+2abs+b26)3

> 0, where X(a,b,8) = 64a>® — 48a?b + 12ab?® — b3 —

80a38 + 52a?bs + 6ab?85 — 2b38 + 24a36% — 20a®b5? — 6ab?5% — b36%. We need to show that

X(a,b,8) >0whena>b>0and 0 <8 < 1. There is no root to the FOCs w =0, ax(;l,)b,s) =0
and ax(g(’sb"s) = 0, so the minimum value must be at the boundary. However, the boundary is positive

because (1) X(a,b,0)=(4a—5b)3>0, (2) X(a,b,1)=4(a—b)(2a%?—2ab+b%?) >0, (3)



X(a,0,6) =8a%3(2—-8)(4—-36)>0 and (4) X(a,a,6)=3a3(1-5)(9+5)>0. Therefore,

X(a,b,6) > 0istrue.

Proof of Lemma 2 and Propositions 2: Define @, and @, to be the inverse of F; and F, with respect to
a,ie,d, =F "anda, = £, . Moreover, it can be shown that £, increases and then decreases in b, so

there are two roots to the inverse of F; with respect to b, i.e., b = Fl_l. We define b, , to be smaller root

and by, to be the larger root. Similarly, F, increases and then decreases in b, so we define b,, to be

apE=t (4a—b—-2a8-b&)X
da  2(16a2—-8ab+b2-12a285+2ab8+b2§)?2

smaller root and b,,, to be the larger root. Part a: If a > @,

E=0

0, where X is defined above and this is true using the method presented above. If a < @, 61;1a =

(2-6)?
2(4-36)

<0oa<

A A apE=® 3|4 F(4a-b—2a6-b8)(-8a%+12ab—b%+4a25-6abs—b26
>0. If d,<a<a,, H—= /ﬁ( X )

da 3b(a-b)28

6—36+V28-405+1362

b. The function p; is continuous at a = a,, but there is a jump at a = a,. The proof

4(2-6)
ops . - . op; . . . A

for % is similar to the proof for a’;l, so we omit the details to avoid redundancy. Part b: If a > @,
anf=1 a(4a—b-2a86-b8)3X ~ omf=0 a(2-8)* N A

da  32(16a2-8ab+b2—12a25+2abs+b28)3 >0.Ifa<a,, da  32(4-36)2 > 0. Next, if d; <a <&,

amE=% _ F(4a-b-2a8-bs) ((4—36)(7b—4a—5b6+2a5) _ —b?+12ab—-8a%-b%6—-6abs+4a?s

da b(a-b)28 (2-6)2 23/aA ) <0e

(4—38)(7b—4a—-5b8+2ad) < —b%+12ab-8a%-b%6—-6abS+4a*s

. Lastly, * is continuous at a = d, and at a = a,.
2-0)2 23/ah y 1 2

. opr° P ~ ~ apE=0
Part c: = 0 when F = F, & (b < by, Or b= byy), 5

2a(2-68)
7-56

>0 b> when F; < F <

N ~ ~ N N E=1  __2 h—oaS_ _h_ _
P e (bZa <b< bla or blb <b< bzb) and dp7~" _ —a’8(4a-b-2a8-bS)(16a—b—14a6-bd)

= when
ab (16a2-8ab+b2%-12a26+2abS5+b265)2 <0 €

F < F, © by, < b < by;,. The function p} is continuous at F = F,, but there is a jump at F = F;. The

s . . . op; . . .
proof for % is similar to the proof for ail’ so we omit the details to avoid redundancy. Part d: When
- onf=0 -~ onF=1  _—a38(4a-2a6-b-6b)3(16a—b—14a8—bs) A N
> = = <
F2F, == =0 WhenF <, =5 16(16a7—8ab+bP—12a26+2ab3+b78)7 O When Fy < F < F,



omE=0 3/ 1 4-368 2(—4a+7b+2a6-5b8)(4a—2a65—b—8b)F 3/ 1 4-36
T =< >a( a4 4 )(ta-2a F  Note that |- >

—— : =3
ob 32A a(2-6)2 b%(a—b)262 32A 7 a(2-6)2 A<

a3(2-6)°
32(4-36)3

2a(2-6)
7-58 °

~ ) A =E=0
& F < F,, which is true. Therefore, a"T >0 b>

When the market does not have firm C, the manufacturer’s profit is simply w2 = w£=°, Therefore:

mE=0 — gE=1 ifF <FE
CoC = {qE=0 _7E=0 iff <F<FE,
0 otherwise

Proof of Lemma 3 and Proposition 3: We define §; and §, to be the inverse of £, and £, with respect to

L L o opE=0 5)(36—
5 ie, 8, =F ‘andé,=F ' Parta If § < §,, 61;15 = a(zz(f_)sgz 2)

>0<:>6>§. If 5, <6 < 86,,

~ E=1
<0. If §>6,, 61;15 >0 & (2a + b)(12a? — 2ab —

apk=° __3 4 aF(4a—b+2a8+b8)(4a—b-2a5-bé)
a6 A? 3b(a-b)52

(4a-b)(4a?+6ab—b?)

28§ — _ 2 _n2
b*)6 — (da—b)(4a*+ 6ab—b*) >0 6 > (2arb)(12a7—2ab—b?)"

Lastly, the function p; is

continuous at § = §,, but there is a jump at § = §;. Part b: The proof uses similar methodology, and we

nf=0  a%(2-§)3(36-2)
a5 ~ 32(4-36)3

do not show it here because of redundancy. Part c: If § < &, 9 >0e6 >§.

amE="  (4a-b-2a8-bS)F

— 03
75 = byl X1 Where X, = 8YA(16a — 4b — 16ad + 10b5 +

When §, <8 <6, ,

2 2y _ 3 3 omP=°
4a8% — 7b6%) — V2a(2 — 8)3(4a — b + 2ad + bd). Thus, T>O(:>X1>O<:)F>Fn

a?(a-b)b(2-8)°8(4a—b+2a5+b8)3
256(4a—b—2a8-b38)2(16a—4b—16a5+10b5+4a82—7b52)3"

s omE=1
If 6>6,——>0¢e (2a + b)(12a% — 2ab —

(4a-b)(4a®+6ab—b?)
(2a+b)(12a2-2ab-b2)’

b?)§ — (4a — b)(4a®* + 6ab —b*) >0 § > Lastly, * is continuous at § = §;

andatd = §,. o



Proof of Lemma 4 and Proposition 4: I1* = 0 for Regions 1 and 2 (cf. F > F,;). At Region 3, % =

(a-b)bSa? (2a+b)(1—5)6((4a—b)(1—6)+2y5(a—b))3(2(a—b)5(—4a+b+8a6)y—(1—5)(8a(2a—b)(1—5)+b(b+8a5)))

32 (1-6+y6)2(y(16a2—-8ab+b%2—-12a25+2ab5+b28)+(1-y)(1-6)(16a2—8ab+b%2—4a25+4abs))* The

denominator is positive. So z_r: <0 2(a—b)6(—4a+b+8ad)y — (1 — 6)(8a(2a -b)(1-6)+

b(b + 8a6)) < 0. Then, the result can easily be obtained. O

Online Appendix B: Production Cost Differences

We illustrate the robustness of our results and to obtain additional insight with respect to the cost
difference in this Appendix. We assume that the unit production cost of firm C’s product is Ac, and the
unit production cost of the manufacturer’s product is zero. Therefore, the manufacturer has a cost
advantage when Ac > 0, and firm C has a cost advantage when Ac < 0. We consider these three cost
differences: Ac = —0.005, Ac = 0 and Ac = 0.005. We present the impacts of this cost difference in
Tables A1-A4, using the same parameter settings as those presented in the main text, i.e., y = 1, a = 1.5,
b=1,6=0.6and F =0.00015. Sometimes a strategy shift leads to the results, and we present the
magnitude of the jump at those points. For example, Figure 3 shows that p, decreases in a at a = 1.35
when Ac = 0 because the strategy shifts from Region 2 (E = 0 and binding solution) to Region 3 (E = 1
and non-binding solution), and the decrease in p, because of this strategy shift is 33% (cf. Table Al). We

have also varied a wide-array of parameters to confirm the robustness of our results.

In summary, we have confirmed that the structural insights presented in the paper are robust to
different cost differences, but the cost difference affects the critical values where the counter-intuitive
results occur. Specifically, when the manufacturer has a cost advantage, the critical values where prices
and profit decrease in the quality of the manufacturer’s product (cf. Proposition 2a) occur when the

manufacturer’s product has a higher quality. This is because prices decrease when the manufacturer deters



firm C from entering by adjusting the prices and marketing investment (Region 2), and when firm C is
indifferent between entering or not (strategy shift between Regions 2 and 3). Firm C is less likely to enter
when the manufacturer has a cost advantage, so the critical value increases in quality when the
manufacturer has a cost advantage. Moreover, the degree of change because of the cost difference at this
critical value can be significant. For example, the decrease in the price of the manufacturer’s product in
period 2 can be up to 15% smaller when the manufacturer has a cost advantage. Similarly, the values
where the price increases in the quality of firm C’s product are closer to the two extremes (b = 0 and
b = 1) when firm C has a cost advantage (cf. Proposition 2b). This is because the price increases occur at
the strategy shift between Regions 2 and 3, and the area of Region 3 is larger when firm C has a cost

advantage.

The critical values for which the price in the first period increases while the price in the second
period decreases in the degree of customer’s patience (cf. Proposition 3) are closer to § = 1 when the
manufacturer has a cost advantage. Similar to the rationale presented earlier, this is because a change
occurs when firm C is indifferent to entering or not (strategy shift between Region 2 and 3), and firm C is
less likely to enter when the manufacturer has a cost advantage. Finally, firm C is more likely worse off
from the customers anticipating the possibility of firm C’s product (cf. Proposition 4) when the

manufacturer has a cost disadvantage.



Table Al — Impact of the quality of the manufacturer’s product (a)

Ac = —0.005 Ac=0 Ac = 0.005
p1 decreases in a when 1<a<1.2 1.02 <a < 1.25 1.05<a <13
p, decreases in a when 1<a<1.2 1.02 <a < 1.25 1.05<a <13

a=1.3at-43% a =1.35at-33% a=1.5at-29%
m* decreases in a when 1<a<1.2 1.02<a<1.21 1.05<a < 1.22

Table A2 — Impact of the quality of the competing product (b)

Ac = —0.005 Ac=0 Ac = 0.005
p1 increases in b when b =0.1at12% b = 0.2 at 23% b>0.7
b > 0.7 b > 0.7
p, increases in b when b =0.1at13% b = 0.2 at 10% b>0.7
b>0.7 b>0.7
7™ increases in b when b>0.7 b > 0.7 b>0.7
Table A3 — Impact of the customer patience parameter (&)
Ac = —0.005 Ac=0 Ac = 0.005
p1 increases in § when é > 0.925 6 = 0.25 at 28% 6 =0.4at37%
6 > 0.925 6 > 0925
p, decreases in & when N.A. 6 = 0.25 at -44% 6 = 0.4 at-34%
7™ increases in § when 6 > 0.925 6 > 0.925 6 > 0.925
Table A4 — Impact of customers’ strategic behavior
Ac = —0.005 Ac=0 Ac = 0.005
M"(y =0) > I"(y = 1) when 0.1<8§<0.95 0.15< 6§ <095 02<6<095




Online Appendix C: Proof for Section 6

6.1 Loyal Customers / Regular Shoppers: First, assume E = 1. Then in the second period, we have

U,>0ex>xk=2 U2>UC2(:>x>x§:’;2( pg;

=, and U, >0 & x > xf, =52 These two

2a(a-b)8(gxi+(1-g)xF)

4a—-(1+3g9)b and

functions are jointly concave in p, and p¢,, and solving the FOC gives p, =

_ b(a—b)&(gx’f+(1—g)xf)

Pc2 = o~ (143900 . In the first period, solving for the two indifferent customers gives p, =

26(a-b) éb(a—-b) 4(a-b)(a—gb)és (a-b)(1- g)b6

—2F= Pu P2 = Pu Ty == M Dpf, and I, =———5—M()pf — F, where
a%Loy (ZLOY) a(zfoy

1
ZE5t =2a(2 - 8) - b(1+6+3g(1—5)). Note that I, >0 M()p?> Ay = —b;((lng)y()a Fb)

After substituting for xM and x5, T =pM©Q) — XEFpiM (@) — where

(4a—(1+3g)b)2—5(12a2—2ab(1+llg)—b2(1—4g—9g2))

Xioy = . The profit function is jointly concave in i and

a(ZLOY

E=1
- {l M’ (l) = 4XL0y}and T[E 1 M(l—E=1)_ l'E=1.

4Xroy

p;. Solving the FOC gives pf=

2XE-1’

Second, consider the case where firm C would not enter. The derivation is the same as the one
presented in the proof of Proposition 1. In summary, when firm C does not enter into the market (E = 0),

1
2XE o

iE=0
=0 = (M) = 4xf5Y), mEm0 =MD iE=o

the equilibrium solutions are pf=0 = X
LOY

_ JA e —— _ i .
pr 0 = \/ 4Aoy, T7° {l g = ﬂ} =0 = VM@IE=9) Aoy _XE(J_YIALOY — =% and F, =

a?(a-b)b(1-9)(2-6)°8 _ (4-38)

, Where XE=1 = and A; oy =
32(4-36)3(2E5})° LOY ™ 4(2-6)2 Loy

aF(2a(2-68)—-b(1+8+3g-3g5))?
(a=b)b(1-g)é

After examining the equilibrium solution under this subsection, it can be shown that all results

hold, even when the market consists of some dedicated customer segments.

6.2. Targeted Advertising:  First, assume E =1. nzzme(O and

(a—b)(2b+1/3(a—b)2+b2)6x1

M, = Seellet¥ed) ) () — F. Solving the FOC gives p, =
J9(a—b)2+8b2+8b1/3(a—b)2+b2




b(a—b)éx4

Pc2 =
J9(a—b)2+8b2+8bd3(a—b)2+b2

Next, solving for X4 gives

(a-b)bS((a—b)?+b?*+b+/3(a—b)2+b2
= @wila ‘ )pr(i) — F, where True = 8(a—b) (2b ++/3(a— b)? + b?) +

3
Trar

a(1—8)\/9(a—b)2 +8b2 + 8by/3(a — b)2 + b2 and

3
IrarF

(a—b)bS((a—b)Z+b2+b1/3(a—b)2+b2)

>0 pdM®Q) > Apag = . Then, m=m,+ S0, y(p) —

2

—XESo3M() — i, where

goq _ (@=b)8[b(12(a-b)?+6b2)+3((a—b)2+2b?),/3(a=b)?+b2|+a(9(a~b)?+8b2+8b 3(a—b)2+b2)3/2(1—8) _
Xfar = T . Solving

cE=1
the FOCs gives pf=1 = — jE=1 = {i: M'(i) = 3\/@} and rE=1 = M) _ jp=1

E=1
6XT AR 3/6XfAR

(1-x1)(1+x4)
2

as

Second, assume E = 0. Solving the FOC gives p, = NG

x1. Thenm = m, + pM(0) —
3(9-95++/36)
2a2(3-38+/36)3"

1

1
[y E=0
6XT AR

E=0
iE=0 = {i:M’(i) =3 /6X$;,8} and 7F=0 = ME2) _ r=0 Lastly, p3M(i) = Apyg at the boundary

0

2

— XFarpiM (D) — i, where X7ag = Solving the FOCs gives pf=0 =

w

&
2
SR
]

1
. _ . M3(i A3 o 2 - T
solution, so =0 = {1: M,—8 = —TAR b and 70 = AlT/j’RMs(iE-O)/Z — XESRAppp — 570,
. - cpep s . - 1 = 1 - 1
When M (i) = /i, the equilibrium solutions are p£f=0 = —, if=0 = ———, nF=0 = ———,
6X1€Z}g 216X7 4R 216X7 4R

E=0 _ |[ATAR _E=0 _ 4 —g=0 _ |ATar E=0 E=1 1 E=1 _ 1 E=1 _
l = v D1 = AR, T = — XTar ATars P1 T ! = E=1 T =
216 54 Ee1 216XE5)

6XT AR

1
216XE5E

6(a—b)b((a—b)2+b2+b 3(a—b)2+b2)

and F, =
2 216(XE50) Thar

. After examining the equilibrium solution under this

subsection, it can be shown that all results hold whether advertising is generic for all customers, or

targeted to a select group of customers.
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6.3. Product Development Investment: When M (i) = /i, the manufacturer’s subgame optimal profit

before deciding the optimal quality is (cf. proof of Proposition 1) as follows:
— XF=A—f(a) ifF,<F<F,

—f(a) otherwise

/—__/\__\

64(XE 0)2

(1-8+68y)(y(4—38)+(1-y)(4—56)(1-6)) A= aF((4a-b)(1-8)+2y8(a—b))>?

E=1 _
a-(2-1)0)? ! (@-D)b3(1-0(1-7))? and - X" =

where  XE=0 =

(1-5+6y)(v(16a%~8ab+b?~12a25+2ab6+b28)+(1-y) (1-8)(16a2 8ab+b2—4a26+4-ab8))

a(4a-b-2a8(2—y)+b8(1- 2y))
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