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ONLINE APPENDIX

In this part of the Online Appendix, we derive the equilibrium prices and profits under

each LPG policy. We first present the equilibria in a lemma and then provide proof.

No LPG

Lemma 1 When the manufacturer does not offer LPG, the channel equilibrium is charac-

3(2+a) (1+5D 7a)bLD

2(2—a)(1+d,+a) and

terized as follows. Let by =

Va(l+dp—a)A
+(14+d0p —a)(2a® + a (11 — ;) + 6 (1 + d7))
22—l (140,+0a)? ’

(24 ) bLp

(b1 < by) where A = 13a*+(31 + 1407 + 56p) a+2 (567 — 316p — 1567 + 11616p + 28) o+
4 (1657 — 436p — 1007 — 146;6p + 2670p — 1) a + 24 (267 + 67 — 5616p — 670p — 46p — 1).
The equilibrium shopping strateqy of LPG-sensitive comparison shoppers is given by

1 ’Lf 0< bL[ < b1

g = | (B-1)
0 ifbrr > by

The equilibrium wholesale price is given by

1— Nx*
WV 2+ (1-28 N)*a | (B-2)
2(1+6;,4+ (1—28")a)bu;
The equilibrium retail price is given by
3(24 (128
Nx _ (2+( B NB a) _ (B-3)
4(1+6,+(1-26")a)by
The equilibrium direct channel price is given by
2 —(1-28"
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The equilibrium retail profit is given by

e +(1-28%)a)] _
S 64 (140 + (1—-28Y)a) b (B-5)

The equilibrium manufacturer profit is given by

N (2+(1—25")a) (2-(1-28")a)
" = ¥ ~ . (B-6)
32140+ (1=28") )by 16(1+6p— (1—-28")a)brp
The equilibrium channel profit is given by
. Nx* 2 . . Nx 2
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Proof of Lemma [1]

Proof. In the absence of LPG, LPG-sensitive consumers cannot take advantage of LPG
and thus, the effective price they pay is the direct channel price eV = pV. Let 8V be the
fraction of LPG-sensitive comparison shoppers who purchase from the direct channel in the
no LPG case. The remaining 1 — #” proportion of them will purchase from the indirect

channel.

(I) When eV < ¥

When eV < 7V all LPG-sensitive comparison shoppers will purchase from the direct

channel (8Y* = 1). The profit functions of the manufacturer and retailer are given by

HN = 1 Z aeN (1 — bLDGN) + %pN (]_ — 5DbLDpN)
+1 ; awN (1 - bL[TN) + }le (1 - (SIbL]T’N) 5 (B—S)
and
W= IO ) (b)Y ) (1) (B)

In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by



choosing p" and r¥, respectively,

1+« 1
zt)glva;é HN (pN\wN) = 1 eN (1 — bLDGN) + leN (1 — (5DbLDpN)
1
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+ UJN (1 — bL[T‘N) + }LUJN (]_ — (S]bL]TN) s (B—]_O)

and
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max Y (TN|wN) = (T‘N — wN) (1 — bL[T’N) + i (T’N — wN) (1 — 5IbL17’N) . (B-11)

rN>0 4

Solving the above maximization problems yields the optimal retail price response function

N (,,NYy _ w¥ 2—a it : : Nx __ 2+a
r (w ) = 5+ 5056 —an and the equilibrium direct channel price p™* = T talin
i : e e oN¥ Nk 24a
The equilibrium effective price is e™"* = p™** = ST ra)bin

In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w™

while taking into account both players’ stage 3 decisions:

g]{ra;é HN (’LUN) = 1 aeN (1 — bLD€N ) + Z—le (1 — (5DbLDpN )
+17TCY N (1 — bL[TN (U)N)> + %lU)N (1 — (SIbL]’I”N (wN)) . (B—12)

Solving the manufacturer’s profit maximization problem, we obtain the equilibrium wholesale

price wV* = Mﬁ. It follows that the optimal retail price is r* = rV (w*) =

—4(15((;21:?)%1. The equilibrium profits of the retailer and manufacturer are 7¥* = 7V (rN *) =
(2—a)? Nx _ TIN ( N+ . N¥\ _ (2—a)? (24a)? )

ITGE e and 11" = 1I (p w *) = te - T 16(16pTa)bin’ respectively. To

3(2—a)(1+6p+a)brp
ensure that eV* < rV* we have by; < (2(2022)(1%12)&)” = bs.

To ensure that there is no non-local deviation, we consider the case when the manufacturer
unilaterally raises its direct channel price to slightly higher than the retail price, p’* =
rN* + ¢, where ¢ is an infinitesimally small positive number. In this way, the manufacturer
directs LPG-sensitive comparison shoppers to the indirect channel. The manufacturer’s

equilibrium profit in this case is given by

™ = ! ; - (M +e) (1= brp (r"* +¢)) + i (r*+¢) (1= dpbrp (" +¢))
%MN* (1 - bL[T‘N*) + %U}N* (1 — 5[bL[TN*) s (B-13)



_ 3(2—
Nx _ 2—«a and T’N*_ (2—a)

To1-aher = Tiror—apy; 1S, we have

where w

Nx __ (2 — Oé) (ZbL] (14 + (14 + 04)51 - 50&(5 - Oé)) - 9bLD(2 - Oé) (1 -+ 5D))
= 6402, (1 — a + 6;) 2 - (Bl

Comparing ITV* and TI¥*, we have
v — ¥ > 0. (B-15)

This indicates that the manufacturer does not have incentive to unilaterally raise its direct
channel price.

We next consider the case when the retailer unilaterally lowers its retail price to slightly
lower than the direct channel price, r¥* = p™¥* — ¢, In this way, the retailer undercuts
the direct channel and therefore attracts LPG-sensitive comparison shoppers to the indirect

channel. The retailer’s equilibrium profit in this case is given by

14
e = L () (1= ()
1
+7 (0" =) = ™) (1= 0sbus (b7 = 2)), (B-16)
where w™V* = 20&% and pV* = —2(1+62D+fa)b[,p' Thus, we have
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Nx
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(B-17)

Comparing 7V* and 7i¥*, we have
oV — M > 0. (B-18)

This indicates that the retailer does not have incentives to unilaterally lower its retail price
in order to attract LPG-sensitive comparison shoppers to the indirect channel.
To sum up, when by ; < bs, the equilibrium outcome in (I) is stable and there is no non-local

deviation.



(IT) When e > ¥

Given that /¥ > 7V, all LPG-sensitive comparison shoppers will purchase from the indirect

channel (8Y* = 0). The profit functions of the manufacturer and retailer are given by

1— 1
HN = 1 @ N (1 — bLDe ) Z__Lp ( — 5DbLDpN)
1 1
+ Z& N (1 — bL[T ) + Z N (1 — (Sijﬂ“ ) (B-lg)
and
N_l1ta N N L~ N N
T = 1 (7“ —w ) (1 — bLﬂ" ) + Z (7“ —w ) (1 — 5[bL[7“ ) . (B—20)

In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by choos-

ing p" and 7, respectively,

1— 1
maxII™ (p" ") = — CeN (1 - brpeV) + 7" (L= dpbrpp™)
+1 Z LN (1 — bL[T ) + in (1 - 51bL[TN) s (B—21)
and
max 7" (rV|w") = Lta (rV —w™) (1= bpr™) + E (rV —w™) (1= 6;bpr™) . (B-22)
max 1 LI 1 1oL )

Solving the above maximization problems yields the optimal retail price response function
N (wV) = 2+

The equilibrium effective price is eV* = p"

and the equilibrium direct channel price p™V* = 2-a

24 = —a—
(1+61+a)bL 2(1+§D—Oé)bLD )

_ 2—a
2(1+6p—a)brp

In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w’¥

while taking into account both players’ Stage 3 decisions:

1-— 1
1%8;}%) HN (wN> _ 1 aeN* (1 . bLDeN*) + ZpN>o< (1 o 5DbLDpN*)
+1 Z SN (1= brrr™ (w™)) + in (L= 67bpr™ (w)) . (B-23)

Solving the manufacturer’s profit maximization problem, we obtain the equilibrium wholesale

Nx __ 24«

= STt It follows that the optimal retail price is r™* = r¥ (wN *) =

price w
3(2+a)

Nx _ N (.Nx) _
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The equilibrium profits of the retailer and manufacturer are m



(2+a)® N% _ 1IN (N . Nx) _ (2+a)? (2—a)? .
6i(ir0; +ayp; and 77 =11 (P, W) = o o T T6(ten ey respectively. To

3(2+a)(1+5D—a)bLD —
2(2—a)(1+61+a)

ensure that eV* > rV* we have b;; >

To ensure that there is no non-local deviation, we consider the case when the manufacturer
unilaterally lowers its direct channel price to slightly lower than the retail price, pV* = rV*—¢.
In this way, the manufacturer is able to attract LPG-sensitive comparison shoppers to the

direct channel. The manufacturer’s equilibrium profit in this case is

14+« 1

Hg* = 1 (TN* — 5) (1 —brp (TN* — 5)) + 1 (rN* —5) (1 —dpbrp (TN* —5))
+1 ; awN* (1 — bL[’I"N*) + %’UJN* (]_ — (5[bL[7“N*) s (B—24)
where w* = Mﬁ and rV* = %. Thus, we have

(2+a) (2bp; (ba(b+a)+ (14 —a)dr +14) = 9bp(2+a) (1 4+ 6p + a))‘

" = 64b2, (1+6; + )2 (B-25)
Comparing ITV* and IIY*, we have
Y — 11|y, =, < O (B-26)
and
Y — 115, , 500 > 0. (B-27)

Since IIV* and II5™* are both decreasing functions of by;, there exists a unique solution to

HN* (bL]) = Hév* (bL[), which is given by

by = arg {II"* (brr) =03 (br) }
Va(l+édép—a)A
+(14+dp —a) (20 + a (11 — ;) + 6 (1 + §7))
22— )2 (146 +a)? ’

(24 ) bLp

(B-28)

(b > by), where A = 13a"+(31 + 146, + 56p) a®+2 (567 — 316p — 156, + 116;6p + 28) a®+
4 (1657 —436p — 1007 — 14676p +2670p — 1) o + 24 (287 + 67 — 50;6p — 676p — 46p — 1).
When b; < by; < by, the manufacturer is better off by unilaterally lowering its direct chan-

nel price in order to uncut the retailer. Hence, the above equilibrium cannot be sustained.



Otherwise, when by; > by, the manufacturer has no incentives to deviate from the current
equilibrium.

We next consider the case when the retailer unilaterally raises its retail price to slightly
higher than the direct channel price, 7V* = pV* + ¢. In this way, the retailer drives LPG-

sensitive comparison shoppers to the direct channel. The retailer’s equilibrium profit in this

case is
Nx l -« N . Nx o N
A= ) ) (b 0 4 )
1
T (0" +¢) —w™™) (1= drber (p* +¢)), (B-29)
where wV* = Mﬁ and p™V* = DI(E T 52Diaa)bw, as above. Thus, we have

ZbLD (1 +6D — Oé)
(2-a) (brr(2— ) (1467 + o) —brp(2+ ) (1+dp — a))
—bL[ (1 —|—(5[ — Oé)

Nx*
2 16b%DbL[(1+5D—Oz)2<1+(51+04)

(B-30)

Comparing #¥* and 70*, we have
oV — gl > 0. (B-31)

This indicates that the retailer does not have incentives to unilaterally raises its retail price
in order to push LPG-sensitive comparison shoppers to the direct channel. To sum up, the
above equilibrium outcome in (II) is stable when by > bs.

Comparing three threshold values, we find the following relationship holds that b; < b3 <
by (07 < (2—‘51’2 implies b; < bs). After excluding the region with unstable equilibrium
by < br; < by, the above equilibrium outcomes in both (I) and (II) are stable when b;; < b,
and by; > by. Specifically, when by; < by, the equilibrium in (I) prevails. When by; > bs,
the equilibrium in (IT) prevails.

4— (2 6D)

Thus far, we have focused on the parameter range where §; < . This allows us

to restrict our attention on the case of by < b3 only. Next, we brleﬂy discuss the market

4—(2—6p)a?

outcome when &; > yr

, or equivalently, b3 < b;. In this case, we can follow the

same procedure to solve the model by backward induction. When by; < b3, we have a



stable equilibrium where e™* < IV

and LPG-sensitive comparison shoppers purchase from
the direct channel. When by; > by, we have a stable equilibrium where e¥* > r¥* and
LPG-sensitive comparison shoppers purchase from the indirect channel. Otherwise, when

Nx _ .Nx

bs < brr < by, we have a stable equilibrium where e r™* and LPG-sensitive comparison

shoppers follow a mixed shopping strategy,

(B(1—=0dp+2a)brp+2(1—6;—2a)brr)+

\/(3 (1 — 6D) bLD —|—2(1 —51) bL[)2 —|—8(3pr —QbL[) (3 (1 —|—(5D> bLD — 2(1 —|—(5[) bL[)

BN* _
4o (BbLD — QbL[)

(B-32)
Solving for the market equilibrium, we find that all the qualitative results in all lemmas

and propositions still hold within this parameter range. m
Low-Price Guarantee

Lemma 2 When the manufacturer offers LPG, it is invoked when

5DbLD (7 — 20+ 2 (1 + Oé) [LbLD) — (1 -+ Oé) bLD

brr < B-33
H 2(1+6; — ) (B-33)
The wholesale price as a function of refund depth u is given by
7T—2a+2(1+4+ «a)ubrp 2 —«
a _ — B-34
v (Iu) 2(1+51_a)bL1+(1+a>bLD (1+5[—Oé)bL] ( )
The retail price as a function of refund depth p is given by
7T—2a+2(14 ) ubrp
a _ B-35
" ('u> 4(1+61—a)bL[+2(1+a)bLD ( )
The direct channel price as a function of refund depth p is given by
G 1
P~ (1) (B-36)

" 2pbip
The retail profit as a function of refund depth p is given by

26 (1) = ((1+ 511; a)brr (2bpp (L+ @) p+2a—1) —2(1+a) (2 —204) bLD)Z‘ (B-37)
(1+51—a)bu(2(1+51—a)bLI—i—(l—i-oz)bLD)
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The manufacturer profit as a function of refund depth p is given by

(1+0;—a)br (1467 —a)brr+ (1+a)brp)
+8 (14 ) 6pd7brpb? (1 + pbrp)
+45p 1+ )2y (2—a— (1 —a)brrp)
X(2—a—2(1—a)byu)
17+ 4a (1 — o) —85p (1 — a)* brrbrpu

17+ 4a (1 —a)
—6D (l—a) bLIbLD 5 b 3(2 )b
- -«
T 4 LD
HG —4bL] (1 — CY) (1 + ,ubLD)
('U) - 165DbLD (1 + (5[ — Oé) bL[ (2 (1 + (5[ — Oé) bL[ + (1 + Oé) bLD)
(B-38)
When 0 < by < %fam LPG is not invoked. Otherwise, when LPG is invoked, i.e.,
brr > %’El(ifabw the optimal refund depth is given by
3(2—a)brp—2(1+61—a)b 30p(2—a)b
w= 4bL;](31+51—04)IbL1 “ 2[()1+51 OfLD <brrsh ) (B-39)
0 if brr > by

When the refund depth is chosen at the optimal level u = p*, the equilibrium wholesale price

s given by
2—a 35D(2 a bLD
WO — 2(1+61;a)bL1 2(1151-0) br < by ) (B-40)

_ 1 ; >
2(1497)brr+brp (14+d7)brr Zf brr 2 b2

When the refund depth is chosen at the optimal level p = p*, the equilibrium retail price is

gien by
3(2—_00 35D(2 Oé)bLD
rG* = { H+or—ajdrs 20+57-a) bur < b ) (B-41)
7 .
Moo, o ber = b2

When the refund depth is chosen at the optimal level p = p*, the equilibrium direct channel
price is given by

G* _ 1
20pbrp’

(B-42)



When the refund depth is chosen at the optimal level p = p*, the equilibrium retail profit is

given by
(2—a)? 30p(2—a)b
Gv _ ) B e- )iy S < b < b (B-43)
((1467)brr+4brp)* if bpr > by .

16(1+67)brr (2(1+61)br+bLp)”
When the refund depth is chosen at the optimal level p = p*, the equilibrium manufacturer

profit is given by

14+0p+6 (2—a)? 36 (2—a)b
HG* — 16(%1)[‘50[ 32(14+6;—a)br g Zf 2?1_’_5 LD < bLI < bl
((1+6I)bLI_165DbLD)(2(1+6])bLI+bLD)+496D(1+6[)bLDbL[ Zfb > b
160 p(1+01)bLpbrr(2(14+01)brr+bLp) LI = V2
(B-44)
When the refund depth is chosen at the optimal level p = p*, the equilibrium channel profit
15 given by
1+6p+dpa 3(2—a)? . 36 p(2—a)b
165 nbL 0 64(1+3;—a)br; [ 2?1+5 LD <bLr <bh
ng = L+ 49 — . (B-45)

166pbr.p 16(2(1+67)brr+brp) (14+07)brr .
ifbr; >0
+ ((1+67)brr+4brp)? f LI = 72
4(1+67)brr(2(14+81)brr+brp)?

Proof of Lemma 2

Proof. In this proof, we establish the rational expectations equilibrium, i.e., the manu-
facturer and retailer simultaneously set the direct channel price and retail price, with the
expectations that LPG will be invoked in equilibrium. In other words, in a rational expecta-
tions equilibrium, the firms’ expectations about the consumers’ invoking LPG are fulfilled.

(I) When The Manufacturer Adopts PBG (u > 0)

Suppose that the manufacturer adopts PBG (u > 0). If firms’ expectations are rational,
the LPG-sensitive direct channel consumers will invoke LPG in Stage 4, e = r¢ — . This
directly implies that e© < r%. As a result, LPG-sensitive comparison shoppers all purchase
from the direct channel, i.e., 3% = 1. The profit functions of the manufacturer and retailer

can be rewritten as:

HG = L Z aeG (1 — bLDGG) + ipG (1 — 5DbLDpG)
+1TTQU)G (1 - bL[TG) + }le (1 - (SIbL]T’G) 5 (B—46)
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and

¥ = 1 ; : (r¢ —w®) (1 —=bpr) + i (r¢ = w) (1= 8rbrir®) (B-47)

respectively. In Stage 3, the manufacturer and the retailer simultaneously maximize their

profits by choosing p® and r%, respectively:

14 1
;r;%i}é ¢ (pG|wG7 #) = 1 aeG (1 - bLDeG) + ZPG (1 - 5DbLDpG)
—|—1 ; awG (1 — bL[TG) + in (1 — (5]bL[T’G) s (B—48)
and
Hcl;a}é ¢ (TG|wG,u) = 1 ; a (TG — wG) (1 — bLﬂ“G) + 411 (T‘G — wG) (1 — 51bL17’G) . (B-49)
>

The above profit maximization problems yield the equilibrium direct channel price p&* =

m and the optimal retail price response function r¢ (wG) = % + Mﬁ. As a
result, the effective price e“ is given by e“ (wG) = % + m — . To ensure that

firms’ belief on consumer behavior is consistent, we have the following condition:

r (w%) < p°. (B-50)

1
dpbrp

It follows that % + 5 2—a

1 : G
Tr o < %phin” Rearranging the terms, we have w™ <

2—a
(1+617a)bL1

. G 1 _ 2—« : G 1 _ 2—a
hold: w® < Sobin — (e Given that w® < Sobin — (e the manufacturer

maximizes its profit by choosing the wholesale price w® in Stage 2, while taking into account

. For the rational expectations equilibrium to exist, the following condition must

both players’ stage 3 decisions:

max 11%(w"|) - = #GG (w?) (1 = brpe? (w9)) + ipG (1= dpbrop®)
w~ >
+1TTOC”LUG (1 — bL[TG (’LUG)) + }L’LUG (1 — 5[bL[TG (U)G)> . (B-51)

The wholesale price as a function of refund depth 4 is given by w® (p) = 5 (11312?;2;;;? ()1“ fg)DbLD -

(Hﬁﬁ' As a result, the retail price as a function of refund depth p is given by r% (1) =
rS(wC (p),p) = I j{;j{%igﬁg%ﬂﬁbw The manufacturer profit as a function of refund

11



depth pu is given by

(14+6r—a)brr(2(1 467 —a)brr+ (1 4+ @) brp)
+op (1467 —a)brpbry (17T +4a (1 —a) = 8brr (1 + ) (1 + 67 — a) )
214+ a)bpp2—a—(1+0;—a)bru)2—a—2(1+d; —a)brrp)
160p (1 + 67 — ) brrbrp (2(1 4+ 07 —a) brr + (1 4+ ) brp)

% (u) =
(B-52)
The retail profit as a function of refund depth p is given by
(1=20) (1487 —a)br+2(1+a)(2—a)bp —2(1+a)brpu)’

G _
T (NJ) - 16(1+51—04) bL[ (2(14—51—&) bLI"‘(l—i—Oé) bLD)2 . (B-53)

In Stage 1, the manufacturer chooses the refund depth p to maximize its profit:

(1+51—a)bu(2(1+51—a)bL1+(1+a)bLD)
+dp (1+51—a)bLDbL1(17+4a(1—a)—8bL1(1+a) (1—|—(51—O¢),LL)
—2(1—|—a)bLD(2—a—(1—1—(51—oz)bu,u)(Z—a—Q(l—i—&[—a)buu)

6 (1) — . (B-54
ma I (1) 1650 (1+07 —a)brrbrp (2(L+067 —a)brs + (1 +a)brp) (B-54)

The first-order condition of II¢ with respect to u is given by
Bl B (1—|—Oz> (3 (2—&) bLD—2<1—|—(5[—Oé) brr (1+2bLD,U,)) (B-55)

8u N 851) (1—|—(5[ —Oé) bLIbLD (2 (1 —|—51 — Oé) bL[+ (1 +a) bLD)'

It is easy to see that the unique solution that satisfy % =0ispu= 3(2_5()1125 __i()lbti’b;'j)b“

On evaluating the second-order condition we have

011¢ 14+«
——lp=n = — <0 B-56
8u2 |u—,u 20 (2 (1+51 —Oé) bL1+ (1+Oé) bLD) ( )

when 77 > 0. Thus, there exists a unique optimal refund depth p* that maximizes I1¢:

3(2—05)bLD—2<1—|—(5]—Oé)bL[
. , B-57
" 4(1 +51 — Oé) bLDbLI ( )

3(2—a)brp

S1T6—a)" In this case, the market equi-

To ensure that p* > 0, we need to have by; <

12



G'* G(

librium is given by w** = w 2—a G G( * 3(2—a)

W= i) = i =T W= M) = T ar

G __ 1
r- = 20pbrp’

_1+5D—|—5DOZ (2—@)2

HG* _ HG *
(M /Jq) 165DbLD 32 <1+(5[—Oé) bL[7

(B-58)

(2-a)®

Gx _ . G * —
and 7% = 7% (u —Ml)—M'

In this case, LPG is effectively a price-beating

guarantee (PBG). This equilibrium exists only if w® < 5D;LD - +52]:3)b“, which holds
when by > %. To summarize, the PBG equilibrium exists when % <
3(2—a)b
brr < 2(1TI—LQD)'
Otherwise if w& > — 2-a , firms form the belief that LPG will not be in-

Spbrp  (1+67—a)brs
voked (r%* > p“*) when making stage 3 decisions. In this case, the profit functions of the

manufacturer and retailer are given by

HG — 1 Z aeG (1 — bLD€G) + %pG (]_ — 5DbLDpG)
00 (1 ) 4 L (1 ), (B-59)
and
% = : ; : (r® —w®) (1= bpr®) + 111 (r® = w") (1= 0rbprr). (B-60)

One can see that this is the same as the no LPG case. Following the Proof of Lemma
Gx  __ 24+« Gx __ 2—a

, we have the market equilibrium as follows: p = m7 w = m,
G _ .G (, Gx\ _ __ 3(2-=a) G _ G (.G¥) _ (2-a)® G _ T1G ( nG* ,,G¥) —
r =T (w ) - 4(1+61—O¢)bL17 T = (T ) - 64(14—61—0&)61,1 and H - H (p W ) -

(2-a)’ (2+0)°

. . . . . G 1

5oy T 605 talin’ respectively. This belief is rational when w®* > 555
2—« G* G* tpl : 36p(2—a)brp

(e and r®* > p“*. These two conditions can be rewritten as by; < 51810

and by < 32-a)(40p+a)brp  Gipee 300E—brp - 32-)(1+dpta)brp

, these two conditions can

2(24a)(14+67—a) 2(1+67—a) 2(24a)(1467—a)
be combined into by; < %. To sum up,
i) When % < by < %, the equilibrium refund depth is given by p* =

3(270{)6[1[)72(14»517&)1)11]
4(1+51—a)bLDbL[

2—a
2(1+61—O¢)bL[ )

and the equilibrium wholesale price is given by w® =
With this wholesale price, both firms form the rational expectations that LPG (specifically,
PBG) is invoked in equilibrium. The equilibrium direct channel price and retail price are

given by p&* = m and 7% = %. Both firms’ equilibrium profits are given

13



Gx _ (2-a)® Gr _ 1 2 2(1+a) (2—a)? )
by 7" = 64(140;—a)br; and II"* = = <5DbLD + 5 T (1+61—a)bu>‘ The above rational

expectations equilibrium holds when %%ZL)D <bp < %.
ii) When by, < %, the equilibrium wholesale price is given by w&* = m.

With this wholesale price, both firms form the rational expectations that LPG is not in-

voked in equilibrium. The equilibrium direct channel price and retail price are given by

P& = MJ% and r¢* = %. Both firms’ equilibrium profits are given by
2 2 2
e = ﬁ and [10* = _ (2-2) (2+2) . The above rational expectations

- 32(1+51—o¢)bL[ 16(1+5D+a)bLD
36p(2—a)brp
2(14+67—a)

there is no incentive for the manufacturer to offer LPG in the first place because LPG brings

equilibrium holds when b, < . If LPG in not invoked in equilibrium in this case,

in no benefit.

(II) When The Manufacturer Adopts PMG (u = 0)

Suppose that the manufacturer adopts PMG (u = 0). If firms’ expectations are rational,
the LPG-sensitive direct channel consumers will invoke LPG in Stage 4, e = r¢ — j. This

directly implies that e = r“. As a result, both channels evenly split the LPG-sensitive

comparison shopper segment, i.e., ¢ = % The profit functions of the manufacturer and

retailer can be rewritten as:

1 1

e = Zec (1 — bLDeG) + ZpG (1 - 5DbLDpG)
+in (1 — bL['f’G) + iwc (1 — 5]bL[TG) , (B—61)
and
mt = i (r¢ = w®) (L= bpr®) + i (r = w®) (1= b1brsr®). (B-62)

In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by

choosing p“ and r, respectively:

1 1
II)Igla;é HG (pG|’LUG,[L) = ZeG (1 — bLDGG) + leG (1 — 5DbLDpG)
+in (1 — bL[TG) + %’U)G (1 - (5]bL[T’G) s (B—GS)

14



and

(1% — ) (1~ bur®) + 1 (1€ —w®) (L= 6yber®) . (B-64)

>~ =

g ) =

The above profit maximization problems yield the equilibrium direct channel price p&* =

and the optimal retail price response function r¢ (wG) = (; + % It follows

1
25DbLD 1+6I)bLI

that the effective price e is given by e“ (wG) = 7@ (wG) — K= + % To ensure

1
1+61)bL1
that firms’ belief on consumer behavior is consistent, we have the following condition:

r (w) < p©. (B-65)

G

1 w 1
(1+61)brs 5 <

dpbrp

It follows that

——— . Rearranging the terms, we have w% <
20pbrp ’

m. For the rational expectations equilibrium to exist, the following condition must

hold: w™ < 5—— R Given that w™ < 5—— EEnOT,

its profit by choosing the wholesale price w® while taking into account both players’ stage 3

, the manufacturer maximizes

decisions:

max %w%|p = 0) = 41160 (wG) (1 — bype” (wG)) + lpG (1 — 6DbLDpG)

wG >0 4
1 1
—|—ZwG (1 — by ¢ (wG)) + ZwG (1 — &by (wG)) ) (B-66)
In this case, the market equilibrium is given by w® = w® (u* =0) = m —
1 Gx _ .G * _ 7 Gx __ 1 Gx _ 171G * _ 1

(14+61)brr’ re=r (’u - 0) T 4(1401)brr+2brp’ P = %5bipe I =11 (NJ - O) ~ 164pbrLp +

49 _ 1 _ ((A+01)br1—160pbrp)(2(1461)br1+brp)+495p (1+01)brpbL1 and
16(2(1+67)brr+brp) (1+ér)brr 160 p(1+67)brpbrr ((14+61)brr+brp) ’

ﬂ.G* _ 7TG (M* _ O) _ ((]. + 5[) bL[ + 4bLD)2 .
16 (1 +07) brr (2(1+65) brr + brp)

1

. 1. . . . G* o 2
This equilibrium exists only if w** < 5obin (90

, which can be rewritten as

7 1 1
+ _
2(1+51)bLI+bLD (1+(51) bLI 5DbLD

< 0. (B-67)

This inequality holds when by; > %
35D(2—a)bLD

2(1 407 —a)

. To summarize, the PMG equilibrium exists

when by >

15



1 2
dpbrp (14+61)bL1

(r% > p“) when making stage-three decisions. In this case, the profit functions of the

Otherwise if w® > , firms form the belief that LPG will not be invoked

manufacturer and retailer are given by

HG = ! Z aeG (1 — bLDBG) + ipG (1 — 5DbLDpG)
+1 ; awG (1 — bL]T'G) + }le (1 — 5[bL[7’G) , (B-68)
and
70 = L2008 ) (1= bur®) 4 1 — ) (L= By (B-69)

One can see that this is the same as the no LPG case. Following the Proof of Lemma
Gx  __ 24« Gx __ 2—a

, we have the market equilibrium as follows: p“* = Wirontatin W T sTe—ayiy
Gx _ .G (, Gx\ _ __ 3(2-a) Gx _ G (.G¥) _ 2—a)? Gx _ T1G ( G* ,,G*\ _
r =T (w ) - 4(1+(51—a)bL1 ’ T =7 (r ) - 64(1+51—a)bL[ and H - H (p ’ w ) -

(2-)? (2+a)?

Tie a6 e, teyy espectively.

For this belief to be rational, the following two conditions must hold that 1) the wholesale
price is greater than the threshold, w®* > 6Dl];LD — (1+621)bu’ and 2) LPG is not invoked, i.e.,

.. . — —ab b
r& > p% . These two conditions can be rewritten as by; < (6-5a-+63;—ad1)dp =2 and by; < bs.
2(1-a+20;—ad;+53)

These two conditions can be combined into

(B-70)

bLI S min{(SD (6— 50[—}-65] —045[) bLD,b2}

2(1—a+20; —ad; +67)

5D(6—50t+6§[—0451)bLD b
2\ V2
2(1-a+20;—ad;+67 )

As in the proof of Proposition 77, the manufacturer’s profit with the belief that LPG will

Next, we compare the manufacturer’s profit in the region b;,; < min

be invoked (w®* < is greater than that with the belief that LPG will not

1 o 2 )
dpbrp (1+d1)brr

: G 1 _ 2
be invoked (w™* > 5—— (1+61)bu)

i) When by, > %, the equilibrium refund depth is given by pu* = 0 and the
With this whole-

. To sum up,

R . . . . G* _ 7 o 1
equilibrium wholesale price is given by w™* = IR Ty il o T

sale price, both firms form the rational expectations that LPG (specifically, PMG) is in-

voked in equilibrium. The equilibrium direct channel price and retail price are given by

p&r = m and r&* = m. Both firms’ equilibrium profits are given by
G __ ((1467)brr+4brp)? G __ 1 49 B 1
= 16(1467)br1 (2(1+67)brr+brp)? and 1™ = 166 b o + 16((1461)brr+brp) (I4+dr)brr” The above

16



35D(2—a)bLD

rational expectations equilibrium holds when b, > 508 —a)

ii) When by < %, the equilibrium wholesale price is given by w&* = m.

With this wholesale price, both firms form the rational expectations that LPG is not in-

voked in equilibrium. The equilibrium direct channel price and retail price are given by
Gx _ 2+ Gx _ 3(2-)
p - 2(1+5Dfa)bLD and r - 4(1+517a)bL1‘
Gx _ (2-a)® Gx _ (2-a)® (2+a)?

- 64(1+51—(X)bL[ and H - 32(1+61—a)bL[ + 16(1+5p+a)brp
36p(2—a)brp
21401 —a)

When PBG is feasible, it is easy to see that II¢ (u* > 0) > 1% (u* = 0), where I1¢ (u* > 0)

Both firms’ equilibrium profits are given by

™

. The above rational expectations

equilibrium holds when b7; <

is the manufacturer profit when using PBG and I1¢ (4* = 0) is the manufacturer profit when
using PMG. This is because I1¢ is increasing in p* in this region as in Proposition 2. This
implies that the manufacturer always prefers PBG to PMG, as long as PBG is feasible.
30p(2—a)b 3(2—a)b

M <brr < QOTI—L(XD) and PMG when
Given that we restrict our parameter to the regions where b;; < b; and

Thus, the manufacturer chooses PBG when

3(2—0{)pr
bLr 2 SiTsa)

bur > by and that the following relationships hold that P50 < py < JE-GLB < p,

the market equilibrium can be characterized as:

(i) When % < brr < by, the manufacturer chooses PBG; and

(ii)) When by; > by, the manufacturer chooses PMG. =
Two-Part Tariff and No LPG

Lemma 3 When the manufacturer does not offer LPG, the channel equilibrium is charac-

(2+a)(1+6D —a)bLD

(2—a)(1+6;+a) and

terized as follows. Let by, =

brp(1+dp —a) (24 3a+a?(1 —N) + (2+ a — 2aN)d)
+\/Oé(].+5D—Oé)AT
G—al(1+6+a)

(Oé —+ 2) bLD

bT2 =

(br1 < bra), where Ar is defined in the proof. The equilibrium shopping strategy of LPG-

sensitive comparison shoppers is given by

1 if0<br; <b
Ne f L1 = 01 (B-71)
0 afbrr > bro
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The equilibrium wholesale price is given by

wi* = 0.
The equilibrium retail price is given by
Nx*
Ne 24 (1 -2877)

rpr =

The equilibrium direct channel price is given by

2—(1-287")a

Nx
br =

The equilibrium retail profit is given by

e (=N 2+ (1-26Y) )

2(1+67+ (1—28)a) b

2(1—1—51:) — (1 —2B¥*) Oz) bip

—
The equilibrium manufacturer profit is given by

Nx __
HT h—

16 (1+ 67+ (1= 287") @) bry

A2+ (1-28Y%) a)’ . 2-(1-28Y) )’

The equilibrium channel profit is given by

16(1+0;,4+ (1—280") )by 16(1+6p — (1 —287") @) brp

2+ (1—28)")a)” (2—(1-28) )’

Nx
HTC -

Proof of Lemma [3

16 (1+07+ (1—287")a) by 16(1+6p — (1 —287") @) brp

(B-72)

(B-73)

(B-74)

(B-75)

(B-76)

(B-77)

Proof. In the absence of LPG, LPG-sensitive consumers cannot take advantage of LPG

and thus, the effective price they pay is the direct channel price el = pY. Let 85 be the

fraction of LPG-sensitive comparison shoppers who purchase from the direct channel in the

no LPG case. The remaining 1 — 3% proportion of them will purchase from the indirect

channel.

(I) When e < r¥

18



When e < r¥ all LPG-sensitive comparison shoppers will purchase from the direct

channel (BY* = 1). The profit functions of the manufacturer and retailer are given by

1 1
Iy = —Z&e¥ (1 — bLDeg) + qul\[ (1 — 5DbLDp¥)
+1;OZUJ¥ (1—bL17’¥) —i—iw]TV (1—(5[bL[7”7]Y) —|—)\FN, (B—?S)
and
1-— 1
o = L ) (1 )+ (0 — o) (L= i) APV, (BT0)

In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by

choosing p» and r¥, respectively,

1 1
T2 (1= bupel) + 3 (1= Sobopd)

max 1Y (pN|wl) =
NS0 T(pT| T) 4

1-— 1
+TOZZU¥ (1 — bLﬂ’g) + ng (1 — (Sij]Tq]Y) + )\FN, (B—SO)

and

maxr (r¥ld) = 2% (0 — ) (1= buarff) + 5 (4 = wf) (1 = Subarfl) = AFY.
T

(B-81)

Solving the above maximization problems yields the optimal retail price response function
N (., Ny _ wi 2-a i : . N+« _ 2ta

Ty (wT) = 5+ 556 —ay; and the equilibrium direct channel price p7* = T talbin

: e e oN¥ Nk 2+a N with N (0N
The equilibrium effective price is ep* = pp* = SIET R Replace rp with 7 (wT) in

N
e (rrfpv |wi ) and we find that ;Z—JTV < 0. It implies that w4 should be set as low as possible
T

to maximize 7.

In Stage 2, the manufacturer maximizes its profit by choosing {w¥, F~'} while taking into

19



account both players’ stage 3 decisions:

l+a y, * L N, *
FNE(lJ%u}%TVzong (wg,FN) = 1 ey (1 — brped ) + Z—lpg (1 _(SDbLDp¥)
l-a

+

N1 = brry (wh)) (B-82)

‘|—in (1 — 5IbLITT (U}T)) +/\FN

Solving the manufacturer’s profit maximization problem, we obtain the equilibrium whole-

2
sale price wX* = 0 and FN* = m. It follows that the optimal retail price is
=l (W) = Mﬁ' The equilibrium profits of the retailer and manufacturer

N Nx) _ (1= N N N\ _ _ A2-a)?
are 73" = o (", FV) = it and T = Y (o wf, FY) = i, +
(2+a)

) (2—a)(1+dp+a)brp -
16(140p+a)brp’ 2+a)(1+67—a) T3

respectively. To ensure that eV* < r¥* we have by; <

To ensure that there is no non-local deviation, we consider the case when the manufacturer
unilaterally raises its direct channel price to slightly higher than the retail price, p}* = ell* =
riN* + &, where ¢ is an infinitesimally small positive number. In this way, the manufacturer
directs LPG-sensitive comparison shoppers to the indirect channel. The manufacturer’s

equilibrium profit in this case is given by

* l -« * * 1 * *
H¥1 = 4 (TTZY + 6) (1 —brp (rjjy + 5)) + Z (7’7]\1[ + 5) (1 —dpbrp (7’7]\17 + 8))
l+a N, 1 .
+ 4 wjjy ( bLIT ) + 4wT (1 — 51bL[T71Y ) + )\ITN7 (B-83)
where w* = 0 and 1" = ;2= Thus, we have [} = E=BUbalu (Libo oo 4

A(2—a)((2430)5;+2—3a—a?)

1 Nx* Nx*
160707 —a) %L1 . Comparing II7* and 113/, we have

Y — 115y > 0. (B-84)

This indicates that the manufacturer does not have incentive to unilaterally raise its direct
channel price.

We next consider the case when the retailer unilaterally lowers its retail price to slightly
lower than the direct channel price, r¥* = p¥* —¢. In this way, the retailer undercuts

the direct channel and therefore attracts LPG-sensitive comparison shoppers to the indirect

20



channel. The retailer’s equilibrium profit in this case is given by

= O -2 —ul) (1 b (1 - 9)
1
+Z_l ((pjj\[* — 8) — U)YJY*) (1 — (S]bL[ (pjj\[* — 8)) — )\FN, (B—85)
where w™* = 0 and p™V* = MJ%. Thus, we have

ve _ (1=AN2+a) (2(1+3dp+a)bpp — (1+ 6 + @) br)
T = 5 3 . (B-86)

Comparing 7V* and 7*, we have
o — e > 0. (B-87)

This indicates that the retailer does not have incentives to unilaterally lower its retail price
in order to attract LPG-sensitive comparison shoppers to the indirect channel.

To sum up, the equilibrium when b;; < brs is stable and does not suffer from non-local
deviation.

(IT) When e > r¥

Given that e > r¥ | all LPG-sensitive comparison shoppers will purchase from the indirect

channel (BY* = 0). The profit functions of the manufacturer and retailer are given by

1— 1
qu\[ — 1 a€¥ (1 — bLD€¥> + Z—lp¥ (1 — 5DbLDp¥)
L —|—Oéw7]\[ (1 — bL[’Fj]Y) + }lwé\[ (1 — 5]bL]7"7]Y) + )\FN, (B-88)
and
o= LN Ny () L ) (1= b)) — AFY B-89
TS Ty T T LITT)+4(7"T wT)( ILITT) . ( )

In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by choos-
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ing p and r¥, respectively,

1l -«
maXHN NMwh) =
o0 (pT| T) 4

1+«

1
er (1= bupey) + o7 (1= dpbopy)

7]\[ (1 — bL]’I"QJY) + %wé\f (1 — 5[bLITYJY) + )\FN, (B-QO)

and
mzi)éﬂT( uwp) = 1ZQ(TT—w]TV) (1—bL1rJTV)+%(7‘1]Y—w]TV) (1—6sbrrry’) — AFN.
(B-91)
Solving the above maximization problems yields the optimal retail price response function
ry (wf) = % + Mﬁ and the equilibrium direct channel price pi* = 2(1%?3%.
The equilibrium effective price is eN* = pi* = m. Replace ryl with 7§ (wy) in

Ty (r]TV |w ) and we find that - 87rT < 0. It implies that wd should be set as low as possible

to maximize 74 .
In Stage 2, the manufacturer maximizes its profit by choosing {w, F¥'} while taking into

account both players’ Stage 3 decisions:

1—a

max  IIY (w]TV,FN) =
FN>0,wN >0 4

1+« W

1
(1 — brper” ) + 4PT ( — 5DbLDp71Y*)

+

(1 — bLﬂ”T (’LUYJY)) (B—92)

1
+Z_Lw71\] (1 — 6IbL[7“7]Y (wjjy)) + )\FN

Solving the manufacturer’s profit maximization problem, we obtain the equilibrium whole-

2
sale price wXh* = 0 and FV* = ﬁ. It follows that the optimal retail price is
i =l (W) = m. The equilibrium profits of the retailer and manufacturer
N+ Nx\ _ _(1=)(2+a)’ N+ _ 1IN N\ _ _ A@2+a)?
are 7" = g (12" FY) = s sanyy and I =103 (pp wp™, FY) = s S

(2-a)?

+a)(1+dp—a)brp __
16(1+5D—a)bLD ’

(2—a)(1+d7+0) = b1

respectively. To ensure that eV* < r¥* we have by < (2
To ensure that there is no non-local deviation, we consider the case when the manufacturer
unilaterally lowers its direct channel price to slightly lower than the retail price, p3* = r¥*—¢.

In this way, the manufacturer is able to attract LPG-sensitive comparison shoppers to the
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direct channel. The manufacturer’s equilibrium profit in this case is

. 1+« . » 1 . .
Mps = —— (" —e) (L=bup (0" =) + 7 (r7" =) (L = dpbp (17" —€))
1l—a 1
—f—TUJYJY* (1 — bL[’I“QJY*) + ijjy* (]_ - (5[bL[T1]Y*) + )\FN, (B—93)
N+ _ N« _ 24a N« _ (24a)2(2(1+614+a)brr— (146 p+a)brp)
where wp* = 0and rp* = STorta)bir - Thus, we have 1175 = 16;%1(1+L61]+a)2 pt+a)brp)

A(2+a)(24+3a—a2+(2—3a)6; )

: Nx* Nx*
1600, (LT o770 . Comparing II:* and 1175, we have

Nx Nx
1—IT - HTQ

<0. (B-94)

|bLI:bT3

and

Hg* - HIJY2*|bLJ—>OO > 0. (B_95)

Since both IT{¥* and I14; are both decreasing functions of by, there exists a unique solution

to IIN* (bpy) = TI5* (brr), which is given by

ng = arg {HN* (bL[) = Hév* (bL])}
2+ 3a+a?(1—\
bLD (1+5D —Oé) ( )
(Oé—i-z) brp +(2+a—2a)\)51
+\/a(1+5D—Q)AT
(2—a)*(1+6; +a)

. (B-96)

(brs > br1), where Ap = (2X — A* — 2) o+ (4 — 467 + A> + 661 — 2A6p — 4N*0; + N*0p — 4)
aP+(86p — 48 — 2\ — 267 — AN?67 + 10AST — 6ASp + 4N6T + 4N?S1 + 4N*016p — 6M610p — 2)
a?+(166p — 4\ + 4N*67 — 8XS; — ANSp + 16016 p + 4A0T — AN670p + 4N*670p — 16A66p) ot
(86p — 8AG; 4+ 166,0p — 8AST + 8676 p — 8A670p — 8A10p).

When bps < br; < bpo, the manufacturer is better off by unilaterally lowering its direct
channel price in order to uncut the retailer. Hence, the above equilibrium cannot be sus-
tained. Otherwise, when by; > bpo, the manufacturer has no incentive to deviate from the
current equilibrium.

We next consider the case when the retailer unilaterally raises its retail price to slightly

higher than the direct channel price, r¥* = pi* 4+ . In this way, the retailer drives LPG-
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sensitive comparison shoppers to the direct channel. The retailer’s equilibrium profit in this

case will be

1—
= e (e —w) (1 bu (51 +2))
1
+7 (7" +e) —wp™) (1= 0bur (7" +€)) = AFY, (B-97)
where wi* = 0 and pi* = = 50Tsp—alip JQD__aa)bLD, as above. Thus, we have

e (1-=XN)(2—a) (2 (1+5D—a)bLD—(1+51—a)bubu) (B-98)
16 (1+0p — @) b2,

Nx*

Comparing #V* and 70*, we have

o — 7l > 0. (B-99)
This indicates that the retailer does not have incentive to unilaterally raises its retail price
in order to push LPG-sensitive comparison shoppers to the direct channel.

To sum up, the above equilibrium outcome is stable when b7 < by and by > byo. ®
Two-Part Tariff and Low-Price Guarantee

Lemma 4 When 0 < by < M, LPG is not invoked. Otherwise, when LPG is

1+51701
0p(2—a)brp

oo the optimal refund depth is given by

mvoked, i.e., bpr >

(2—a)bip — (1+6; — ) bu} ' (B-100)

* — O
Hr max{ ’ 2(14+07 —a)brpbrs

When the refund depth is chosen at the optimal level up = ., the equilibrium wholesale
price is given by

=0 (B-101)

When the refund depth is chosen at the optimal level pp = ., the equilibrium retail price is

given by
G ST if 2L < py < by
TT* _ (1+67—a)brr 1+07—a ] (B—lOQ)
m if bor > bro
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When the refund depth is chosen at the optimal level pp = pk, the equilibrium direct channel

price s given by
1

- 20pbrp’

Pg (B-103)

When the refund depth is chosen at the optimal level pup = u%., the equilibrium retail profit

s given by
(1-N(2-a)® .+ 3dp(2—a)b
W%* _ 16(11—&;5)\1—a)bL1 f D1+5[—aLD <brr < bm . (B—104)
FTGE Ty Zf brr > bra

When the refund depth is chosen at the optimal level i = oy, the equilibrium manufacturer

profit is given by

1 1+ao A2-a)® dp(2—a)brp a)bLD
HG* o 166 pbrp 16br,p + 16(1+51 Oé)bL[ Zf 1+67— < bLI S le B 105
T - 1 (146)b—b . : (B-105)
_I__ I L12 LD + Zf bL[ > bTQ
160pbrp 4(1+67)%b2 (1+51)5L1 =

When the refund depth is chosen at the optimal level pp = i, the equilibrium channel profit

s given by
1 1+a (2—a)? r 0p(2—a)brp
G+, — ) 160nbrp *+ 60,5 T To(Ho—abrs if to—a < brr < bri (B-106)
re— 1 (1+51)5L1 bLD + 1 if b > b :
166pbrp 4(1467)°b 4(14+61)brt LI = VT2

Proof of Lemma [4]

Proof. Suppose that the manufacturer adopts PBG (u > 0). This implies e$ = r% —up <

r&. In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by

choosing p$ and r$, respectively:

1+ 1
max I (pF|of pr) = = “ef (1= bupef) + 1 (1= Spbuopf)
T
1= 1 @ (1 — bL[qu) + iqu (1 — (S[bL]Tg) + )\FG()B—l()?)

1-— 1
max 77 (rf|wf, 1) = a (rf —wf) (1= b)) + 1 (r — w§) (1= 8rbrr§) — AFC.

(B-108)
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The above profit maximization problems yield the equilibrium direct channel price p%* =
G
m and the optimal retail price response function 7% (qu ) = UJTT + m.

In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w® while

taking into account both players’ stage-three decisions:

1+«
max  TIf (wflp) =

1
G G G G
1=0 —p% (1 —dpb B-109
FG>0,w$>0 i T ( LD@T) + A Pr ( D LDpT) ( )
1

-«
4

1
+ w: (1-— brs (wg)) + ng (1- Srbrrs (qu)) + \FC,

The wholesale price as a function of refund depth s is given by w$* = 0. As a result, the

2—a

o —albis The manufacturer

retail price as a function of refund depth p is given by r&* =

profit as a function of refund depth p is given by

(1+a)2—a—2(14+6; —a)brrpy)
(2 (1 —|—5] - Oé) bL[ — (2 — Oé) bLD + QbLD (1 —|—5] - Oé) bL],uT)
16(1+0, — )l
1 A2 —a)
+ + :
165DbLD 16 (]. + 5[ - (X) bL]

Hg (nr) =

The retail profit as a function of refund depth s is given by 7% (ug) = 0. Note that PBG is

op (27a)bLD

invoked in equilibrium only when p%* > r%*. This inequality holds when by; > T —

In Stage 1, the manufacturer chooses the refund depth p, to maximize its profit:

14+a)2—a—2(1+d—a)brrur)
><<2 (1—|—51—Oé)bL[—(2—04)bLD+2bLD (1+(51—04)bL1,uT)

max I1S =
>0 #lir) 16 (140, —a)’ b2,
1 A2 —a)
: B-110
+165DbLD 16 <1+(5[—C¥) bL[ ( )
The first-order condition of II¥ with respect to g is given by
8H§ _ (1 -+ Oé) (OébLD -+ (1 -+ 51 — Oé) bL[ — 2bLD + 2 (1 -+ 51 — Oé) bLIbLDNT) (B—lll)

8NT 4(1+51—a)bu
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G
It is easy to see that the unique solution that satisfy ZE_; =01is pp = (2*;;)1?5 :S)Zi; *bgb“ :

On evaluating the second-order condition we have

82HG (]. + OZ) bLD
By i = g <0 (B-112)

Thus, there exists a unique optimal refund depth g that maximizes I1$:

(2—a)brp — (1+6; — ) bu} _ (B-113)

pp = max {0, fipy } maX{, 2(14+06; —a)brpbrr

When IU/? — (Q—Q)bLD—(l-l-(S[—Oé)bL]

2(1+e;—a)brpbrsr 0 OF equivalently

(SD (2—0./) bLD (2—Oé)bLD
b ~ 7 =7
1+51—O& <LI<1+(S[—047

A(2—a)? (24a)?

3 Y
60 o)y T 16(hontapsp . L he retailer’s

the profit of the manufacturer is given by 73* =

(1-2)(2—a)?
16(1+(51—()é)bL] :

equilibrium profit is given by 7%* = In this case, LPG is effectively a price-
beating guarantee (PBG).

Suppose that the manufacturer adopts PMG (u = 0). This implies that e = r%. In this
case, both channels evenly split the LPG-sensitive consumers. In Stage 3, the manufacturer

and the retailer simultaneously maximize their profits by choosing p$ and r$, respectively:
a(, G, G 1 a a L ¢ a
Hcl;i)é HT (pT"LUT,/L) = ZeT (1 — bLDeT) + ZpT (1 — 5DbLDpT)
b

1 1
+ijG~ (1 — bL[’f’jGw) + ijGw (1 — 5]bL[’l"g) + )\FG, (B—114)
and

max x$ (1€, 1) —

1
X (r? - wg) (1- burg) + 1 (r? — wgﬁ) (1- 51bLﬂ‘$) — \FC,
T

(B-115)

A

The above profit maximization problems yield the equilibrium direct channel price p$* =

2+(1+67)brw§
2(1+01)brs

In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w$ while

m and the optimal retail price response function r¢ (wzq ) =
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taking into account both players’ stage-three decisions:

1 1
max I (wilp = 0)= 167 7 (wf) (1= brpef (wf)) + 2br ¢ (1= 0pbLppf)

1 1

Z r]q (1 — bLITT (wT)) + 4’UJ (1 — 5lbLer (wT)) + /\FCiB 116
In this case, the market equilibrium is given by w$* = 0, r&* = m, P = m,

G _ 1 G _ 1 (1461)brr—b A 1-)

Ff = s U8 = Tomhn tanssym -+ aimeni d 78" = 77 (07 = 0) = g5y
]

Model Extensions

In this part of the Online Appendix, we extend our main model in several different direc-
tions. First, our analyses in Section 4 is predicated on the manufacturer’s product quality
being exogenously given. We endogenize the manufacturer’s product quality decision and
show that our main insights still hold. Second, based on the empirical observation that the
manufacturer implements PBG in different forms, we examine the implications of alterna-
tive forms of PBGs. Third, we consider alternative game sequences with regard to when the
manufacturer determines the refund depth and show that our results are invariant. In sum,
this appendix is devoted to various sensitivity analysis for establishing the robustness of our

key findings.
Endogenous Product Quality

In Section 4, we assume that the manufacturer’s product quality is exogenously deter-
mined. In practice, manufacturers are able to adjust the product quality based on their
LPG policies. For instance, in many travel markets such as car rental and cruise, manu-
facturers are able to enhance quality by adding more cars/cruises. In the airlines and hotel
industry, travel suppliers can change their quality offerings over time. In this subsection,
we relax the exogenous quality assumption and allow the manufacturer to choose its quality
level t.

The sequence of moves in the model is as follows:

e Stage 1: The manufacturer chooses the quality t¢.
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Stage 2: The manufacturer determines the refund depth p when it offers LPG.

Stage 3: The manufacturer sets the wholesale price w.

Stage 4: The manufacturer and the retailer simultaneously set the direct channel price

p and the retail price r, respectively.

Stage 5: Consumers make purchase decisions.

In solving the model, we adopt backward induction as the standard solution concept. For-
mally, consumers’ demand is the same as the main model, except that the demand potential
is given by v/t. This assumption captures the idea that the demand potential increases with
product quality but at a decreasing rate. The cost of quality is assumed to be quadratic in
quality, 2t2 In a special case when t = 1 and quality is costless, this setup is reduced to our
main model in Section 4.

The derivation of equilibria is provided toward the end of the Online Appendix. Following

36p(2—a)brp
2(1+61—O{)

optimally chooses PBG and the equilibrium product quality under PBG is higher than that
under no LPG, ie., t&* > ¢tV*. Furthermore, when by < by; < b, PMG induces higher

similar analyses in Section 4, we find that when < brr < by, the manufacturer

tN* tN* > tG*

product quality than no LPG, i.e., t& > however, no LPG is chosen and

when by < 2(1+3;—a) or byr > B

Result 1 The retailer prefers PBG when W < br;r < by, PMG when by < by < b

and no LPG when br; > b , where by < b <b.

Result 1] establishes two important findings. First, when product quality is endogenous
the retailer could benefit from LPG when ¥2C-00%0 <,/ < b and by, < by < b. This
is in contrast with Proposition 7?7, where we show that the retailer is weakly worse off with
LPG in a market where product quality is fixed. This indicates that LPG could be a win-win
strategy for both channel members. Second, the benefit of LPG is not always guaranteed
for the retailer. Higher product quality is not enough to offset the negative impact of LPG

— -
on the retailer when b < by; < b. Therefore, the misalignment between the manufacturer

and the retailer may still exists, and this demonstrates the robustness of Proposition ?7.
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Price-Beating Guarantees with Alternative Refund Formats

In this subsection, we explore LPGs with alternative refund formats that are also prevalent
in the online travel industry. PBG with percentage refund is popular with hotels and car
rental companies. For instance, Hilton’s LPG policy states that “If you find a lower qualified
price for the same accommodation and terms at any point before your reservation is made
or up to 24 hours after making your reservation through one of the official Hilton booking
channels, we will honor the lower price and take an additional 25% off the room rate for each
night of your stay.’ﬂ This type of PBG (denoted by P) allows the manufacturer to beat the
retail price by offering a percentage-off discount v (0 < v < 1). 7 can be seen as the refund

depth. Thus, the effective price that LPG-sensitive consumers pay from the direct channel

is given by
P e P P
—y)rt ifpt <r
-1 P . (B-117)
p’ otherwise
The retail profit is given by 77 = 1TT°‘ (rP — wP) qrr (T‘P) + % (rP — wP) qur (T’P) and the
manufacturer profit is given by II” = 2ePq,p (e”) + 1p7qup (p¥) + 52wPqrr (r7) +

1
4

wPqpy (rF). A summary of the equilibrium prices and profits can be found toward the end
of this Online Appendix.

Cruise lines such as Carnival, Royal Caribbean, Norwegian, Princess, and Celebrity promise
to beat the retail price by a percentage of the price difference. For instance, on its website
Royal Caribbean states that “When you reserve with Royal Caribbean and subsequently find
a lower rate advertised by Royal Caribbean within 48 hours from the time the reservation is
made, we will honor that lower eligible rate by applying an onboard credit to the reservation
equal to 110% of the price diﬂerence.”ﬂ We denote this type of PBG by V. Let p (p > 0)

be the percentage of the price difference between the direct channel price and retail price.

Here, p can be interpreted as the refund depth. Thus, the effective price that LPG-sensitive

!Source: https://hiltonworldwide3.hilton.com/en/best-price-guarantee/overview.html [accessed in Au-
gust 2020].

2Source: https://www.royalcaribbean.com /faq/questions/best-price-guarantee-policy [accessed in Au-
gust 2020].
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consumers pay from the direct channel is given by

rV —p(pV —=r") ifpV <rV
eV — plr ) it | (B-118)
pV otherwise

The retail profit is given by 7 = 17T°‘ (T‘V — wv) qrr (TV) + }1 (T‘V — wv) qurI (TV) and the
manufacturer profit is given by II" = =2V, (e¥) + pVgup (pV) + 520wV qrr (V) +
1wYqpr (r'). A summary of the equilibrium prices and profits can be found toward the end

of this Online Appendix.
Result 2 Different forms of PBGs are equivalent in optimality.

The intuition for Result [2] is as follows. Regardless of which form of PBGs is used, the
optimal refund depth is always determined such that the effective price that LPG-sensitive
direct channel consumers pay maximizes the manufacturer’s profit. As such, our choice of

using fixed refund to model PBG is a robust approach without loss of generality.
Alternative Game Sequences

In our main model, the manufacturer decides whether to offer LPG and, if so, the refund
depth, followed by other events. The rationale for such game sequence is that the LPG
strategy is a price commitment and it needs to be consistent over time. Put differently, firms
have greater flexibility in changing their prices than LPG policy. That said, we observe that
some manufacturers change the refund depth over time. For instance, when the authors
first began this project, the extra refund that InterContinental Hotels Group offered was
“first night free” while the current form of the extra refund is “40,000 IHG Rewards Club
points.” Similarly, Hilton Worldwide and Choice International changed the refund depth
from “$50 credit” and “first night free” to “25% off the retail price” and “$50 reward card”,
respectively. The implications are that the manufacturers tend to calibrate the refund depth
over time. This suggests alternative game sequence compared to what we adopt in the main
model. In this subsection, we explore whether our results are sensitive to alternative game
sequences.

We first examine a sequence of events where refund depth is chosen after pricing decisions

are made:
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Stage 1: The manufacturer decides whether to offer LPG.

Stage 2: The manufacturer sets the wholesale price w.

Stage 3: The manufacturer and the retailer simultaneously set the direct channel price

p and the retail price r, respectively.

Stage 4: The manufacturer determines the refund depth p if PBG is adopted.

Stage 5: Consumers make purchase decisions.

Next, we examine a sequence of events where refund depth is chosen simultaneously with

the direct channel price and retail price:

Stage 1: The manufacturer decides whether to offer LPG.

Stage 2: The manufacturer sets the wholesale price w.

Stage 3: The manufacturer and the retailer simultaneously set the direct channel price

p and refund depth p and the retail price r, respectively.

Stage 4: Consumers make purchase decisions.

We solve the model by backward induction. In the following result, we establish the

robustness of our findings to alternative game sequences.

Result 3 The equilibrium outcome is invariant whether the manufacturer chooses the refund

depth before, simultaneously, or after firms’ pricing decisions.
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PROOFS OF RESULTS IN THE MODEL EXTENSIONS
Proof of Result [1]

Proof. (1) Consider the case in which the manufacturer does not offer LPG.

(I) When eV < rV

When eV < 7V, all LPG-sensitive comparison shoppers will purchase from the direct

channel (8Y* = 1). The profit functions of the manufacturer and retailer are given by

I (pN, wh tN) = Iha Z 2V (\/t_N — bLD6N> + EPN <\/t_N - 5DbLDPN> (C-1)

1— 1 1
—|——4 awN (VtN — bL[’f’N> + ZUJN (\/ tN — (S[bLﬂ”N) — 5tN2’

WN(TN) = l—a (TN—U)N) (\/tw—bur]v) +;1(TN—U)N) (\/t_N—(SIbLIrN>. (C-2)

N:

Here, e p"¥. We solve the model by backward induction. In Stage 4, the manufacturer

and the retailer simultaneously maximize their profits by choosing p” and 7, respectively,

1 —~ 1 —
Hzl\rax HN (pN|wN) = ZaeN ( tN — bLDGN) + ZpN ( tN — 5DbLDpN> (C—S)
p¥ >0
1-— 1 1
"—Ta’wN (\/ tV — bLﬂ"N> + ZUJN (\/ tN — (SIbL[TN> — itNQ

and

1-— 1
max 7 (V) = =% (Y — ) (VN = b)) + 2 (7Y = w) (VI = dibur? )
rV>0
(C-4)
Solving the above maximization problems yields the optimal retail price response func-

tion rV (wN AN ) = % + m% and the equilibrium direct channel price ev (tN ) =
N (4N} _ _ (+a)ViN
p (t ) - 2(1+§D+a)bLD :

In Stage 3, the manufacturer maximizes its profit by choosing the wholesale price w®
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while taking into account both players’ stage-three decisions:

uI)l;lva>X0HN (wN) = LfTaeN (tN) (\/tW— brpey (tN)) + ipN (tN) (\/ﬁ_ Spbrop (tN)) (C—5)
+1TTOZ’UJN (tN) (\/tW— bL]TN (tN>) + in (tN) (\/tW — (5[bL[7“N (tN)) — %tNQ.

The wholesale price charged by the manufacturer as a function of product quality ¢V is

given by w™ (V) = %. It follows that the retail price as a function of product

. N - N N __ 3(2_0‘)\/'5W
quality t¥ is ™V (tV) = G

: N N (4N _ (2—a)? (2+0)? N _ 1,N2
functions of product quality ¢t are II (t ) = (32(1+51_a)bu + 16(1+6D+a)bw) % — t7 and

The profits of the manufacturer and the retailer as

N (tN> __ (—a?N

= I8~ respectively. In Stage 1, the manufacturer maximizes its profit by

choosing ",

2—a)’ (24 )’ 1
Y (tV) = ( tN — N2, C-6
max 11 (%) (32(1+51—a)bu+16(1+6D+a)bLD 2 (C-6)

Solving the maximization problem yields the equilibrium product quality

e (2-a) (2+a)’
321 +0,—a)byy 16(1+dp+a)brp’

ey . Ns (2—a)? (2—a)? (2+a)?
the equilibrium retail profit #™V* = G145, -V <32(1+51_a)bu + Taop+a)is ) and the

1 (2—a)? (2+a)2 2
5 32(1+51—a)bL1 + 16(1+6D+0¢)bLD) . TO ensure that

(2—&)(1+5D+Ot)bLD —
2(1+6;—a)(2+a)

equilibrium manufacturer profit IIV* =

3
eVt < rN* we have by <

by. By checking non-local deviations, we find
that the above equilibrium outcomes are stable.

(IT) When eV > 7V

In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by
choosing p» and r¥, respectively,

max [TV (pN|wN) = 1_—&6N <\/t_N— bLD€N> + ;le (\/t_N— 5DbLDpN> (C-7)

pN >0 4

1 1 1
+ ZawN (\/t_N— bLﬂ‘N) + leN <\/t—N - 5lbL17”N> - itm
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and

1+ 1
max 7 (TN\wN) = a (TN—wN) <\/t_N—bLﬂ"N) +Z (TN—wN) <\/t_N—5IbL17’N>.

rN>0 4

(C-8)
Solving the above maximization problems yields the optimal retail price response func-
tion rV (wN N ) = % + % and the equilibrium direct channel price eV (tN ) =

N (4N — __(2=a)ViN

In Stage 3, the manufacturer maximizes its profit by choosing the wholesale price w!¥

while taking into account both players’ stage-three decisions:

ﬁa;%HN (wN) = lzaeN (tN) (\/tTV— brpel¥ (tN)) + %pN (tN) (\/ﬁf Spbrop™ (tN)) (C-9)
+1—i—Tosz (tN) (\/ﬁ_ b (tN)> + in (tN) (\/ﬁ_ SN (tN)) _ %th.

The wholesale price charged by the manufacturer as a function of product quality tV is

given by w? (tN ) = Q(ﬁtﬁ%. It follows that the retail price as a function of product
quality tV is 7V (tN ) = %. The profits of the manufacturer and the retailer as
functions of product quality ¢ are IV (V) = (32(153;;(1);)17“ + T S;i)i)bw) tN — 1N and

N (tN) _ (24N

= BI(116,Ta)brs” respectively. In Stage 1, the manufacturer maximizes its profit by

choosing ",

2+ a)’ (2 — )’ 1
oy (V) = ( NV — N2, -1
%i)g ( ) (32(1+51—|—a)bu+ 16(1+5D—Oz)bLD 2 (C 0)

Solving the maximization problem yields the equilibrium product quality

e (2+a) 2oy

_ : C-11
32(1—|—(5[+a)b[,[ 16(1—{—5[)—(1)pr ( )

the equilibrium retail profit 7V* = o (2_0)° < (o)’ | ___ (2 ), and the

1+61+a)bL1 32(1+51+a)bL[ 16(1+5D7a)bLD
2
ey N+ _ 1 (2+a)® (2-a)?
equilibrium manufacturer profit II"* = 3 (32(1+61+a)bu + 6oy —awin ) - To ensure that

3(2+o¢)(1+5D7a)bLD —

eV > V¥ we have by < 2(1+67+a)(2-a)

b,. By checking non-local deviations, we find
that the above equilibrium outcomes are stable when by > bs.

To summarize, the above equilibrium is stable when b;; < b; and by > bs.
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(2) When the manufacturer offers LPG, we have e = r% — < r%. Next, we discuss the

cases when the manufacturer uses PMG (u = 0) or PBG (2 > 0) separately.
(I) The Manufacturer Adopts PBG (1 > 0)

This implies e¢ = ¢

— p < r%. In Stage 4, the manufacturer and the retailer simultane-
ously maximize their profits by choosing p® and r%, respectively:

1 1
max [1¢ (pG|wG, u) = + OéeG (\/ G — bLD6G> + —pG (\/ G — 5DbLDpG>
pG>0 4 4

+ w <\/t_G — bLﬂ“G> + iwc (\/t_G — 5IbL17‘G> , (C-12)

and

max 7 (r%|w%, 1) = L—a

s 1 (TG — U)G) (\/t_G— bLﬂ"G> + i (TG — U)G) <\/t_G— (SIbL[’I"G) .

(C-13)

The above profit maximization problems yield the equilibrium direct channel price p&* =
ViG

20pbrp

and the optimal retail price response function r“ (wG) = % + 2((2701)@

1+51—O¢)bL[ ’
In Stage 3, the manufacturer maximizes its profit by choosing the wholesale price w® while

taking into account both players’ stage-three decisions:

1
max I1%(w%|p) = i Qec

1
e T (wG) <\/t_G — bLng (wG)> + ZPG (\/t_G — (5DbLDpG)C-14)
+1 — awG (\/t_G — Z)L]TG (U)G)> + %le (\/t_G — 5[bL[7°G (wG)) .

The wholesale price as a function of refund depth p is given by

7—2a+2(1+a)ubLD 2—« )\/—
G, — - tG. C-15
v <'u) (2(1+51—a)bL1+(1+a)bLD (1+(51—O&)bL[ ( )

As aresult, the retail price as a function of refund depth p is given by 7% (1) = r&(w® (1) , 1)
—ZQ (6% \/ﬁ . . *
4((71 +%Ifi()2;lgl(’ffo){)bilj. LPG is invoked only when 7% (y) > p®. It holds when by; <
JDbLD(772a+2(1+a)ybLD)7(1+a)bLD
2(1+617a)

The manufacturer profit as a function of refund depth p
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is given by

(14+6r—a)brr(2(14+67—a)brr+ (14 ) brp) +
174+ 4a (1 — )
—8(1+a)(1+0;—a)briu
—2bpp(14+a)2—a— (1467 —a)brrp)
X(2—a—2(140d —a)bru)

160p (1 + 07 — Oé) bribrp (2 (1 + 07 — a) brr + (1 + Oé) bLD)
tG2

5

dpbrp (1+ 67 — ) by

I (p) = ¢

(C-16)

The retail profit as a function of refund depth p is given by

26 (1) = ((1— 20;)6(1 +0r—a)br+2(1+a)(2—a)brp —2(1 + a2) bron)” o (©17)
(1+51—Oé)bL[(2(1+5[—Oé)bL]+(1+Od)bLD)

In Stage 2, the manufacturer chooses the refund depth p to maximize its profit:

(1+0;r—a)bry (2(14+d;—a)brr + (L +a)brp) +
17+ 4o (1 — «)
—8(1+a)(14+6;—a)brip
—2bp(1+a)(2—a— (14067 —a)brru)
X(2—a—2(140;—a)brrp)

5DbLD (1 + 5[ - Oé) bL]

HG — tG
IB?SC (,LL) 166D (1—{—51—0[) bLIbLD (2 (1+61—Oé) bL[+<1+Oé>bLD)
tGZ
. -1
) (C18)
The first-order condition of II¢ with respect to u is given by
8HG _ tG (1 -+ a) (3 (2 — Oé) bLD -2 (1 -+ 5] — (l/) bL[ (1 + QbLD,LL>> (0_19)

8,u 8(5D (1 —|—(5[ —Oé) bLIbLD (2(1 —|—(51 —Oé) bL[—l— (1 —|—Oé) bLD)‘

It is easy to see that the unique solution that satisfy % =0ispu= 4(1%2[:2))%[ - QbiD'

On evaluating the second-order condition we have

82HG (1 +Oé> bLDtG
= <0 C-20
8/12 ‘H—M 25DbLD (2 (1—1-(51—05) bL[+<1—|—Oé> bLD) ( )
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when 77 > 0. Thus, there exists a unique optimal refund depth ;* that maximizes I1¢:

(C-21)

*:maX{O,ﬂ}:max{073(2—oé)bLD—2(1+51—oz)bu}.

4bLD (1 + (5[ — a) bL[

This gives us the market equilibrium as a function of t¢. To guarantee that pu* > 0, we

3(2_O‘)bLD

need by < 5178, —a)

. Then in Stage 1 we maximize the manufacturer profit with respect to

t¢ and we obtain

max I1%(p) = f ( 2 + 2(1+a) + (2-0) ) - f (C-22)

pu=0 32 \ dpbrp brp (1—|—51—Oé) brr 2
Solving the maximization problem yields the equilibrium product quality t&* = 5D§LD +
Q(bl;o‘) + 7 Jr((?;_ajbu, the equilibrium retail profit
2—a)’ 2(1+6p+90 2 —a)
e (2-a) (I+dp+dpa) ,  (2-a) ) .
64 (1407 —a)brs brLp (1+0; —a)brs
and the equilibrium manufacturer profit
1 (2(1+6p+6pa) 2-a? \
e = - DT ODY) | a . (C-24)
2 brp (1407 —a)brs

In this case, LPG is effectively a price-beating guarantee (PBG). This equilibrium exists only

when LPG is invoked in equilibrium, or equivalently, p** > r&*. This inequality holds when

b > %. To summarize, the PBG equilibrium exists when % < by <
3(2—a)brp
2116, —a)"

Suppose that the manufacturer adopts PMG (i = 0). This implies e = r%. In this case,
both channels evenly split the LPG-sensitive consumers. In Stage 3, the manufacturer and

the retailer simultaneously maximize their profits by choosing p© and r%, respectively:

1 1
max I[1¢ (pG|wG,u) = ZeG (\/t_G— bLDeG) + leG (\/t_G — 5DbLDpG)

pG>0
1 — 1 —
+Z’LUG ( tG — bL[’I"G) + ZwG ( tG — (5[bL[7”G) , (C-25)
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and

1 1
I%aXWG (rleG, u) =1 (rG — wG) (\/tG — burG> + 2 (rG — wG) (\/tG — (5IbL1rG) )
r&>0
(C-26)
The above profit maximization problems yield the equilibrium direct channel price p&* =
5 5\[/)513 and the optimal retail price response function r“ (wG) = %

In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w® while
taking into account both players’ stage-three decisions:

max HG(wG|,u = 0)= 1eG (wG) <\/t_G — by pe” (wG)) + ipG (\/t_G - 5DbLDpG>

wG >0 4

+in (\/t_G — by r® (wG)> + %le <\/t_G — 81bpir® (UJG)) - (C-27)

. R . . . G* _ 1 49 o 1
In this case, the market equilibrium is given by (%" = 57— +216(2(1+61)bu+bm) EEERIE
Gx —_ T1G (1% — ()) — 1 1 49 1 Gx — G (% — () —
> =11 (:u* - 0) -2 (166DbLD + 16(2(1+67)bL1+bLp) (1+51)bL1> ’ and 7% =7 ('u* o 0) N
(1461)bri+4brp)* 1 + 49 _ 1 -
16(1+07)br1 (2(14+07)brr+brp)? \160pbrp ' 16(2(1+01)brr+brp)  (1+61)brr )

Low-Price Guarantee with Alternative Refund Format

Lemma 5 When the manufacturer offers PBG with refund in the format of a percentage-off
((7-20—(1+a)7)dp—(1+0) 1—7)*)bLp

discount from the retail price, it is invoked when bpy > 5T6—a) The
wholesale price as a function of refund depth =y is given by
3—-(1 1+6—a)by —(2—a)(1 1—7)*b
wP(V)I( (1+a)7) A+ —a)brr—(2—a)(1+a) (1 —7) bup (C-28)

(1+(51—O&)bLI (2(1+51—a)bL1+(1+04) (1—’7)2pr)
The retail price as a function of refund depth v is given by

Py T—(14+a)y -2« )
' (7)_2(2(1+51—a)bu+(1+04)(1—’Y)217LD)' (C-29)

The direct channel price as a function of refund depth ~ is given by

B 1
~ 26pbrp

p" () (C-30)
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The retail profit as a function of refund depth v is given by

Pl - (1= (1+a)y—=20a)(1+86—a)by — (2—a) (1+0a) (1 —W)wa)f (c-a1)

T
16 (146, —a) by (2(1 461 — @) bs + (14 @) (1 —7)*brp)’

The manufacturer profit as a function of refund depth v is given by

(1+a)(1—y)(7T—(1+a)y—2a)
1 x(4(1+6r—a)brr—(1=7)(5+7—a(d—7))brp)
+ 2
160 pbrp 16 (2(1+6; —a)brr+ (1+a) (1 —7)? brp)
((1—(1+a)7—2a)(1—|—51—04)bu—(2—&)(1+a)(1—7)2bLD)
X ((3—(1+oz)7)(1—|—51—04)bu—(2—04)(1+04)(1_7)2bLD)
8(1+51—04)5L1(2(1+51—04)5L1+(1+04)<1_’7)25LD)2

" (y) = (C-32)

_I_

When 0 < b < %, PBG with percentage discount from the retail price is not

%, PBG with percentage discount from the retail price is not

30p(2—a)brp
2(1+5]70¢)

retail price is feasible and invoked in equilibrium. In this case, the optimal refund depth is

mvoked. When brr >

feasible. Otherwise, when < brr < by, PBG with percentage discount from the

given by
_ 3(2—04)bLD—2(1—|—51—a)bL1
T= 3(2-0[)pr '

(C-33)

When the refund depth is chosen at the optimal level v = ~v*, the equilibrium wholesale price
s given by
Px — 2—«
2(1+(51 —Oé)bL].

(C-34)

When the refund depth is chosen at the optimal level v = ~v*, the equilibrium retail price is

given by
P*: 3(2—()[)
4(14—(51—0()()[,[.

(C-35)

When the refund depth is chosen at the optimal level v = ~v*, the equilibrium direct channel

price s given by

1
Px __ B
p = ST (C-36)
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When the refund depth is chosen at the optimal level v = ~*, the equilibrium retail profit is
given by

Px (2 _ 04)2 (C 37)
i = 3 _
64(1+51 —(X)bL]

When the refund depth is chosen at the optimal level v = ~*, the equilibrium manufacturer

profit is given by
_ 1 l+ta (2 — a)?
N 165DbLD 16bLD 32(1+6]—Oé) bL[‘

= (C-38)

When the refund depth is chosen at the optimal level v = ~v*, the equilibrium channel profit

s given by
1 1+a 3(2—a)’

et = : C-39
¢ 166DbLD + 16bLD 64 (1+51 —Oé) bL[ ( )

Proof of Lemma [5

Proof. Consider LPG with refund in the form of a percentage-off discount from the retail
price. Since the model is reduced to the no LPG case when p”” < rf, we consider the case
when ¥ < pf’. In this case, we have e’ = (1 — 7). In Stage 3, the manufacturer and the

retailer simultaneously maximize their profits by choosing p”’ and r?, respectively:

1+ a 1
II,IIlDa;éHP (pp|wp,fy) = 1 €P (1 — bLD€P) + pr (1 — 5DbLDpP)
i ; CwP (1= byr?) + %wp (1—67brr”),  (C-40)

and

II}%a}OCﬂ'P (rP|wP,7) = 1 ; a (TP — wP) (1 — bLﬂ”P) + i (rp — wP) (1 — 51bLIrP) . (C-41)
rt>

The above profit maximization problems yield the equilibrium direct channel price p™* =
P

1 : S : P(, P\ _ wb 2—a
I and the optimal retail price response function r (w ) = 5+ s e The
; ; P (. P ; P (P _ w? 2—o
effective price e (w ) can be written as e (w ) =5 + ATo—albrs”

In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w while
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taking into account both players’ stage 3 decisions:

14+« 1 »
i}r})agéﬂp(wp\’y) = 1 et (wP) (1 — by pe’ (wp)) + pr (1 — dpbrpp” )
+17TOZ P (1 - bL[’T’P (’U)P)> + ;pr (1 — 5]bL[TP (’LUP)) . (C—42)

Solving the profit maximization problem yields the wholesale price as a function of refund

P _ _B=(+a))(+6r—a)=(2=a)(1+a)(1-7)°bLp

depth ’y, w (’7) - (1+51—O¢)bL[(2(1+(51—Ot)bL]-f—(l-‘rOc)(l—’y)QbLD
P(,, P _ 7—(1+a)y—2«a

(w"(7),7) = 2(2(1+67—a)brr+(1+a)(1—7)%bLp)

((1—(1+a)y—20) (1467 —a)— (2—a)(1+a) (1-7)%bp )’

ik the retail price as a function of

refund depth v, 7¥ (y) = r , the retail profit as

a function of refund depth v, 7% (y) = ~——%—, and the
16(1+5[701)bL1(2(1+517a)bL]+(1+01)(17’y) bLD)
manufacturer profit as a function of refund depth ~,
1+a)(1—=7)(7T—(1+a)y—2a)
1 x (4140 —a)brr—(1=7)(B+v—a(t—7))bwp)
() = + —— (C-43)
160pbrp 16 (2(1+6; — )b+ (14+a) (1 =) brp)

(1= (1+a)y—2a)(1+6 —a)brr— (2—a) (1 +a) (1 —7)brp)
x(B=(1+a)y) (1 +dr—a)brr—(2—a)(1+a)(1—)bp)

+
8(1+51—a)bu (2(1—|—51—a)bL1+(1+a)(1—7)QbLD)2

P+ This inequality holds

Note that PBG is invoked in equilibrium only when ¥ (v) < p
((7—2a—(14a)7)ép—(1+a)(1=7)*)bLp
201487 —a) '

In Stage 1, the manufacturer chooses the refund depth ~:

when by; >

1+a)1-—7((7T-(1+a)y—2a)

s HP(/Y) _ 1 . ><(4(1+(51—01)bL[—(1—’)/)(5-}-’}/—04(4—7))pr) (0_44)

2
1>7>0 160pbrp 16 (2(1+(51 —a)brr+ (14 ) (1 _7)2 bLD)

<(1—(1+a)’y—2a)(1—|—61—a)bu—(2—a)(1+a)(1—’y)2bLD>

N x (3= (14 a)7) (1467 —a)brr = 2= a) (1+a) (1-9)bp)

2
8(1+ 87 —a)brr (2(1—|—51—oz)bu+(1+a)(1—'y)QbLD)
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The first-order condition of II” with respect to v is given by

O (1+0)(7T—(1+a)7—20) 2(1+0—a) by —3(2—a) (1 =) bun)

B = 9 2 (0_45)
Y 8(2(14‘5]-0&)()[,[—}-(1—1-0&)(1—’7) bLD)
The unique solution that satisfies % =0and 1 >7y>0is7y = 3(270‘)1’5(’32:1(;2’7“)1’“.
On evaluating the second-order condition, we have
onr 812 a)' (1 +a) 13,
872 = 32 (1 + 075 — 04)2 b%[ ((1 + Oé) (1 + 075 — Od) brr +9 (2 — Oé)2 bLD)
< 0 (C-46)
Thus, there exists a unique optimal refund depth 7* that maximizes I17:
% _ 3(2—« bLD_2 1—’—(5[—0[ bL[
om_ 3220 ( Jour, (C-47)
3 (2 - Oé) bLD
When v* =7, or equivalently by, < %, the market equilibrium is given by w?* =
wf (v =7) = m, the equilibrium retail price is given by r* = ¥ (y* =75) =

%, the equilibrium direct channel price is given by p™* =

2
retail profit is given by 77 = ¥’ (v =7) = m, and the equilibrium manufacturer

. . * * — 2(14-a 2—a)? :
profit is given by II™* = II* (y* =7) = % <6D5LD + (blLJ;) 4 (1+(51—02)bL1>' It is easy to see

that the equilibrium outcome is the same as that under LPG with fixed amount of refund

1 11 e
Wobin the equilibrium

in Section 4.2. m

Lemma 6 When the manufacturer offers PBG with refund in the format of a percentage-off

discount from the price difference between the two channels, it is invoked when

(1—(1+a)p)(1+51—a)bL1> (7_2a+(1+a>p)5D bLD'

—1+a)(1+(7—3a)p)

The channel equilibrium can be characterized as follows. The wholesale price as a function
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of refund depth p is given by

0p ((3+P+ap)(1+51—04)bu—(2—a)(1+a)(1+p)2bLD)
p): —p(l—oz)(l—i—éf—oz)(l—l—(?;—a)p)bu
(146, —a)br; ( v (2(1+61_a>bu+<1+O‘>(1+p)2bw) )
+20° (14 ) (1+ 07 — @) brg

(C-48)

The retail price as a function of refund depth p is given by

V(o) = (alp=2)+p+7dp+(1+a)p(1+(7T—3a)p) (C-19)

20p (2(1+ 07 — a)brr + (1 + @)(1 + p)*brp)
+4(1 + a)p* (1 + 67 — ) brr

r

The direct channel price as a function of refund depth p is given by

20 —p—ap)(1+6;—a)brs
(o) — +(1+a)(1+ p)(1+7p — 3ap)brp | (C-50)
20pbrp (2(1+ 07 — a)brr + (14 a)(1+ p)*brp)

+4(1 + Oé)p2 (1 + (S[ — Oé) bLDbLI

The retail profit as a function of refund depth p is given by

( 5pbe (1~ p — 20— ap) (L+ 87 — ) by +2(2 — a)(1+ @)(1+ p)bip) ) 2

. +(1+a)p(l = p+ap)(1+06r — ) brpbrr
T (p) =

5DbLD (2 (1 + (5[ — Ck) bLI + (1 + Oé)(l + p)QbLD)
+2(1 + 01)02 (1 + (5[ — CY) bLDbL[

2

16(1+5IO€)bL[(

(C-51)

44



The manufacturer profit as a function of refund depth p is given by

s (1467 —a)brr (P + 14p+ 17+ 20 (p> +5p+2) — a? (4 + 4p — p?))
DYLD
—4(2-a)’ (L +a)(1+p) bep
2(1—p—ap)2(1+51—a)bLI )

+ (1467 —a)brs
+(1+a) (1+14p+17p* — ap (6 + 10p — ap)) brp

" (p) = p p 5
b 21+ —a)brr+ (1 + 1+ b
16(14 67— o) byy pbrp (2( r—a)brr+ (1+a)(1+p)*brp)
+2(14+a)p? (1 4+ ;7 —a)brpbrr
(C-52)
When 0 < by < M, PBG with percentage discount from the price difference is not

2(1+51—O¢)
invoked. When br; > %, PBG with percentage discount from the price difference is

30p (27a)bLD

not feasible. Otherwise, when 51167 —a)

< br; < by, PBG with percentage discount from
the price difference is feasible and invoked in equilibrium. In this case, the optimal refund

depth is given by
p* _ 5DbLD (3(2 — Oz)bLD —2 (1 + 5[ - OZ) bL])
bLD (2 (1 + (5[ - Oé) bL[ — 35D(2 — O()bLD) )

(C-53)

When the refund depth is chosen at the optimal level p = p*, the equilibrium wholesale price

s given by
2(14—(51—()()()]4[.

w

(C-54)

When the refund depth is chosen at the optimal level p = p*, the equilibrium retail price is

given by
3(2—a)
Ve = . C-55
’ 4(1+(51—OJ)bL1 ( )

When the refund depth is chosen at the optimal level p = p*, the equilibrium direct channel
price s given by

1
Vs _
p' = ST (C-56)

When the refund depth is chosen at the optimal level p = p*, the equilibrium retail profit is

gien by
Vs _ (2 — a)Q
N 64(1+(5[—&)bL[

(C-57)

When the refund depth is chosen at the optimal level p = p*, the equilibrium manufacturer
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profit is given by
ve_ 1 1+a (2 - a)’
N 165DbLD 16bLD 32 (1+51—CY) bL['

(C-58)

When the refund depth is chosen at the optimal level p = p*, the equilibrium channel profit
1S given by

1 l+4a 3(2—a)’

n 166DbLD 16bLD 64 (1+(51—Oé) bL[.

Iy (C-59)

Proof of Lemma

Proof. Consider LPG with refund in the form of a percentage-off discount from the
price difference between both channels. Since the model is reduced to the no LPG case when
p¥ <1V, we consider the case when p” > V. In this case, we have " =7V —p (pV — rv). In
Stage 3, the manufacturer and the retailer simultaneously maximize their profits by choosing

p¥ and r", respectively:

1 1
Zaev (1 — bLDQV) + va (1 - 5DbLDpv)
l—«a

4

maxII” (p"|w", p) =

+ U)V (1 — bL[TV) + ;lwv (1 — (Sijﬂ’V) s (C—GO)

and

1-— 1
vazféﬂv (rv\wv> == a (TV — wv) (1 — bLﬂ’V) + 1 (TV — wv) (1 — 51bL17’V) . (C-61)

The above profit maximization problems yield the optimal direct channel price response
(1—p—aptp(1+a)(1+p)w" brp ) (1481 —a)brr+p(1+a) (2—a) (14p)bLp

2(1+067—a)((1+a)p%>+0p)br1brp and the optimal

function p¥ (wv, p) =
retail price response function " (wv) = % + Mﬁ.
In Stage 2, the manufacturer maximizes its profit by choosing the wholesale price w" while

taking into account both players’ stage-three decisions:

1 1
H‘l/a>}6HV<wv|p) = %ev (wv, p) (1 —brpe¥ (wv, p)) + va (wv,p) (1 - 5DbLDpV (wv, p))
1-— 1
P (1 b (V) + ¥ (1= Brberr? () (C-62)

Solving the maximization problem yields the wholesale price as a function of refund depth p,
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) = 3p((3+p+ap)(14+31—=a)bri—(2=a)(14+a) (14p) bLp ) —p(1—a) (14+31 =) (1+(3—a)p)bLs
Pl = (140;—a)brr (6 p (201407 —)brr+(1+a)(1+p) bL b ) +20* (140) (1481 —a)bLr )
as a function of refund depth p,

wY (

, the retail price

(o) = 1" (w" (p)) (C-63)
(alp=2)+p+Top+ (1 +a)p(l+(7—3a)p)

200 (2(1+ 07 — a) by + (1 +a)(1 + p)brp)
+4(1 + Oé),02 (1 + (5[ — Oé) bL]

the direct channel price as a function of refund depth p,

" Y (w

" (p).p) (C-64)
20=p—ap)(1+6; —a)brs
+(1+a)1+p)(14+7p—3ap)bLp

p) = p

Y

25DbLD (2 (1 + 5[ — Od) bLI + (1 -+ CY)(l + p)2bLD)
+4(]_ + Oé)p2 (]_ + 5[ - G{) bLDbLI

the retail profit as a function of refund depth p,

Spbrp (1 —p—2a —ap) (1467 — )by +2(2 — a)(1+a)(1+p)%brp)
+(14+a)p(l —p+ap) (1+6; — a)brpbrr

p) = ,
Spbrp (2(1+6; —a)b 1+ a)(1+p)2%b
16 (1+67 — ) brr pbip (2(1+0r = a)bur + L+ )1+ )% |,
+2(1 +a)p? (1 +67 — a)brpbrr
(C-65)

and the manufacturer profit as a function of refund depth p,

(140 —a)brr (P24 1dp+ 174+ 2a (p* + 5p +2) — o2 (4 + 4p — p?))
—4(2=a) (1+a)(1+p)*brp
2(1—p—ap)? (1+6;—a)by;
+(1+a)(1+ 14p+17p* —ap (6 + 10p — ap)) brp

5DbLD

+<1—|—(51—Oé)bL[

5DbLD (2 (1 + 5] — O./) bL] + (1 + Oé)(l + ,0)2pr)

16 (1 + (51 - Oé) bL[
+2(1 + Oé)pz (1 + 6[ - O[) bLDbLI

(C-66)
To ensure that PBG is invoked in equilibrium, we need p" (p) > ¥ (p). The inequality holds
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when (1 —(1+a)p)(1+dr—a)brr > (T—2a+ (1+a)p)dp — (1 +a) (1 + (7—3a)p)) brp.

In Stage 1, the manufacturer chooses the refund depth p:

(1467 —a)bry (0 + 14p+ 174 20 (p* + 5p 4+ 2) — a? (4 + 4p — p?))
—4(2—a)*(1+a) (1+p)*brp
2(1—p—ap) (1+6;—a) by
+(1+a)(1+14p+17p0* — ap (6 +10p — ap)) brp

5D bLD

+(1+0; —a)brs
max 11V (p) =

p=0

5DbLD (2 (1 + (51 — Oé) bL[ + (1 + Oé)(l + P)2bLD)

16<1+51—Oé) bL]
"—2(1 + Oé)p2 (1 + 5] — Oé) bLDbLI

(C-67)
The first-order condition of IIV with respect to p is given by

1+ —a)brr (P> +14p+ 174+ 2a (p* +5p+2) — a? (4 +4p — p?))
~4(2—a)* (1+a) (L+p)*bep
2(1—p—ap)’(1+dr—a)b
+ (1 +6;— a) br; ( P ap) ( I Oz) LI
oTIr +(1+a) (14 14p+17p* —ap (6 + 10p — ap)) brp

(5DbLD

5DbLD (2 (1 + 5] — a) bLI + (1 + a)(l + p)QbLD)

16 (1 + 5[ - Oé) bL]
—I—Q(l + a)p2 (1 + 5] — Oé) bLDbLI

(C-68)
Two solutions that satisfy % =0arep= 622(11%1_—&0)3?51_—2:5((51;(62[—_5)1)?; ) and
= 2(1+(§[—O{)bL1+(1+Oé—5D(7—20./>)bLD (0—69)
P A+ D)1 +01—a) b + (0p — 7+ 3a) bip)
On evaluating the second-order condition, we have
0”11V
a—p2’p=ﬁ <0 (C-70)
and
aQHV
a—p2|p:; > 0. (C-71)
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Thus, there exists a unique optimal refund depth p* that maximizes II":

% _ 6DbLD 32—OébLD—2 1+(5[—Oé bL[

o o (32 = a)bip =2 ) bur) -
bLD (2 (1 + (5[ — Oé) bL[ — 351)(2 — (l/)bLD)

Otherwise, when p* = p, or equivalently by; < %, the market equilibrium is given by

WVt =¥ (= p) =

3(2—a)
4(14-67—a)brs

m, the equilibrium retail price is given by rV* =V (p* = p) =

, the equilibrium direct channel price is given by p"* = , the equilibrium

2
retail profit is given by 7V* = 7V (p* = p) = ﬁ, and the equilibrium manufacturer
(2-a)?

1+5[—a)bL[ :

1
25pbrp

profit is given by IIV* = IIV (p* = p) = i— + F% + o It is easy to see

165DbLD 1661, p
that the equilibrium outcome is the same as that under LPG with fixed amount of refund

in Section 4.2. m
Proof of Result [2]

Proof. The proof of Result [2] directly follows from the proofs of Lemma [f] and [6, =
Proof of Result [3l

Proof. Note that under PMG, the extra refund depth is fixed at 4 = 0. Thus, the
manufacturer does not need to choose the refund depth. Put differently, the equilibrium
outcome is the same no matter when the manufacturer sets the refund depth. Hence, in
this proof, we restrict our attention to the case of PBG where p > 0. This implies that
e =r% — < r% as it is the case under PBG. Since the refund depth is announced before

consumers make purchase decision, alternative game sequences do not influence consumers’

purchase behavior. Thus, the profit functions of the manufacturer and retailer are

¢ = 1 Z e (1 —brpe) + %pG (1 — 6pbrpp®)
+17TawG (1—brr%) + }le (1= 06709, (C-73)
and
7= S ) () £ (0 - 0) (L= aib ) (CT

respectively. We first evaluate the game sequence in which the refund depth is chosen after
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firms simultaneously decide the direct channel price p and the retail price r.

In Stage 4, the manufacturer maximizes its profit by choosing the refund depth u:

1+ 1
IB§8< I (#|wGapG, TG) = 1 aeG (1 - bLDGG) + ZPG (1 - 5DbLDpG)
+17TawG (1 - bLﬂ”G) + in (1 - 5[bL[’/‘G) s (0—75)

Solving the profit maximization problem, we find that the refund depth as a function of

retail price is given b r®) = r% — 12— Tt follows that the equilibrium effective price is
g Yy H %10
given by e = r% — 4 (TG) = ﬁ Going back to Stage 3, the manufacturer and retailer

simultaneously maximize their profits by choosing p® and r%, respectively:

I1+a 4, . 1
;Icl;éi)éHG (pG’U)G) = TeG (1 — bLD€G ) + ZpG (1 - 5DbLDpG)
+17T04 ¢ (1 — bL[’I“G> + in (1 - (Sij[’f’G) s (C-76)
and
-« 1

max 7% (rw®) =
rG>0 4

(rG — wG) (1 — bL[TG) + 1 (T‘G - wG) (1 - 51bL]TG) . (C-TT)

The above profit maximization problems yield the equilibrium direct channel price p&* =

w® 2—«

and the optimal retail price response function r¢ (wG) = %5+ 30, —aps

. In Stage

1
26pbrp

2, the manufacturer maximizes its profit by choosing the wholesale price w® while taking

into account both players’ stage-three decisions:

1+ L . .
111%8;}(() HG(U)G) = TaeG* (1 — bLDSG*) + Z—lpG (1 — 5DbLDpG )
FE 200 (1= b () + 08 (1 - b (w9)) . (C-T8)

Solving this profit maximization problem, we find that the equilibrium wholesale price is

: Gr _ 2—a i o Gr _ 2—a
given by w“* = S8 )b Hence, the market equilibrium is given by w“* = 567 —a)bLs
Gx _ .G (,,G _ , Gx\ _ _ 3(2=a) Ge _ 1 Gx _ G (,,G _ . Gx) _ (2—a)®
r =T (w =w ) - 4(1+6;—a)bry? ~ 26pbrp’ =7 (w =w ) - 64(1+67—a)brs’
G _ 171G (,,,G _ ,,Gx\ _ 1 2 2(1+a) (2—a)? . .
and I1%* =11 (w =w ) = 35 (JDbLD + 5 T e ) One can easily verify that

the equilibrium outcome is the same as in Lemma 2.
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Next, we evaluate the game sequence in which the refund depth is chosen simultaneously
with the direct channel price and retail price.
In Stage 3, the manufacturer and the retailer simultaneously maximize their profits by

choosing p“ and p and r¢, respectively:

1+a 4, . 1
pcglgf;o 1 (pGnU‘wG) = TGG (1 - bLDeG ) + ZpG (1 - 5DbLDpG)
+1 ; OCUJG (1 — bL[T‘G) + %UJG (1 — 51bL1rG) s (C-?g)
and
néa%WG (rG|wG) = 1 ; a (rG - wG) (1 — bLﬂ’G) + i (TG - wG) (1 - 5[bLI7“G) . (C-80)
>

The above profit maximization problems yield the optimal refund depth response function

1
26pbrp’

L (wG) = 1”2—G + 3 1+§;aa)bu — 2biD’ the equilibrium direct channel price p&* =

G

the optimal retail price response function r¢ (wG) =S+ m. It follows that the

and

equilibrium effective price is given by e%* = r¢ (wG) — W (wG) = ﬁ In Stage 2, the

manufacturer maximizes its profit by choosing the wholesale price w® while taking into

account both players’ stage 3 decisions:

gg’fé HG(wG) = TQGG (1 — brpe” ) + ZPG (1 - 5DbLDpG )
+1 — awG (1 — bL[TG (wG)) + le (1 — 51bL]7"G (wG)) . (C-Sl)

4 4

Solving this profit maximization problem, we find that the equilibrium wholesale price is

: Gr _ 2—a T ‘o Gr _ 2—a
given by w“* = T3 —a)brr Hence, the market equilibrium is given by w** = GG TS -
Gx _ .G (,,G _ . G¥\ _ __ 3(2—a) Gv _ __ 1 Gx _ G (G _ ,\Gx) — __ (2-a)?
r =T (w =w ) - 4(1+§1—a)bL1 ’ p - 26DbLD ’ @ =m (w =w ) - 64(1+51—a)bL17
Gx _ 171G (,,,G _ ,,,Gx) _ 1 2 2(1+a) (2—a)? . .
and 1% =11 (w =w ) = 35 (6DbLD + Sy T Gre—a ) One can easily verify that

the equilibrium outcome is the same as in Lemma 2. =
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