Apendix

PROOF OF LEMMA 1.

From Equation (2), we can obtain that %;O(m =a— 2kp+ M, w = —2k < 0.
Thus, when %‘;0@ = 0, Equation (2) will arrive the maximal value. Then, we can ob-

0% 2,212 2
tain the optimal decisions shown in Lemma 1(i). Next, we find 8”5600 S (12:7«) Aok 4

4aok+2aboeok(1+r)—2aoboegk2(1+r)2+2boeok(2Q+kpor(1+r) 927 SC—0x bge%k2(1+r)2—4bok .
n and “Fm— = ok . When C =0

8”200_0* > 0. If r > (2 — egv/bok)/(eoV/bok), &= ;gz = >0 ‘9”5800_0* is increasing in C and al-

ways larger than zero, thus, 79¢~% is increasing in C; otherwise, if r < (2 — egv/bok)/(eov/bok),
927 SC—0%
ac?

087r

" is linear decreasing in C', thus, there must be a Cy that P — 0 and

oC aC?

when C' > Cj, ﬂ 0. Thus, 75¢~% is firstly increasing in C' and then decreasing in C.

Therefore, we can obtain the results in Lemma 1(ii). n

PROOF OF LEMMA 2.

DR— DR—
omy D(p) —q— 2kp_|_ kw7 %p—o(p) = 2k < 0. Thus, the

From Equation (4), we can obtain = 5

platform’s response function is pP#~% = (@ + kw)/2k. After submitting the response function to

E . . 67r,,l,jLR70(w) _ 1= . . 92 DR0 (w)
quation (3), we can obtain =5—= = Z(a — krpy — 2kw + keg(ag — boC)), =% = —k < 0.

Similarly, there is an optimal wholesale price w0 = ‘”M to maximize the manufacturer’s profit.
Thus, we obtain the optimal retail price as pPf=0* = 3“+M , and the optimal profits of the manu-
facturer and the platform are 72R-0x — (2— M) +po@ + (a0 — by C)(C — Qeg) and wH~0* = (615)2’
respectively. [ ]

PROOF OF LEMMA 3.

. . aﬂ_}?]ﬂ—o _ JE— 8271'51\4_0
From Equation (5), we can obtain a—p(m =a(l—¢)+M—2pk(1—9), a—p2(m = —2k(1—

¢) < 0. Thus, there is an optimal retail price to maximize the manufacturer’s profit. We can ob-
DM—-0
(

9m ) — (). So, we have pPM-0x = (@(1—¢) +M)/(2k(1 — ¢))

tain the optimal retail price as i

in the decentralized solution with marketplace mode, and the maximal profits of the manu-

facturer and the platform are DM=0x — % + po@ + (ag — bC)(C — Qey) — F and

DM _ % + F, respectively. "



PROOF OF COROLLARY 1.

We make the difference between profits of the manufacturer with marketplace mode and re-

selling mode.

0% pr—os _pro. _ (@1 —¢) — M)? (a— M)>?
"dif ference = M~ m (1 —9) 3k

1., oM~
= 5(2& (1—¢)+T¢—(CL+M) )—F

When ¢ =1 — %, we get the maximal level of wg;*ffmme = 4aM — (@ + M)* — F. Obviously,

(@+ M)? > 4aM, 73 torence 15 decreasing in ¢. Thus, we find when ¢ = ¢o, T erence = O-

Therefore, when 0 < ¢ < ¢o, T4fperence > 0; otherwise, w3 ;o e < 0, where, ¢ = 1 —

(@+M)2+2F+v/ ((@+M)2—2F)2—16a2 M
4a? )

PROOF OF PROPOSITION 1.
(i) When G+ 7g — ¢°¢% — r¢5“=%* > 0, we find p < p, where p = (@ + 2Aa + M) /2k. In this
case, m°¢(p) = po(Q +77) + g — (a0 — boC)(eo(Q + 717 +7) — C) =M (G + 17 — ¢ —rg> ™).

2,5C
T~ ok <.

7.‘.SC' _
From Equation (7), we can obtain ? %p(p) =a+Aa—2kp+ M+ Mk(1+7),

Thus, there is an optimal retail price that provides the maximal profits. We obtain the optimal

= 0. So, we have p5C* = THACEM 4 (] 4 1),

o5 (p)
Op

retail price as

SC'x

Comparing p°“* and p, we find when Aa > A\ k(1 +7), p°“* < p, thus the optimal retail price

is pSC* = E+A2c]1€+ﬁ + %(1 +7), w50 = (a—M)(a+2Aa—M4)k+(Aa—A1k(1+r))g +poQ@ -+ (a — byC)(C — Qeo):

otherwise, p°“* > p. Thus, the optimal retail price is p°“* = p = (a + 2Aa + M) /2k, 75 =

(i) When g + rg — ¢°“~% — rg°“~% <0, we find p > p. In this case, 75 (p) = po(Q + rq) +
pq — (ag — boC)(eo(Q +1rg+7q) — C) — Mo(¢°° =% + 7¢°“~% — G — rg). From Equation (7), we can

. onI%(p) _ =7 8%75% (p) . .
obtain —5-= =a+ Aa — 2kp + M — Aok (1 + 1), 45— = —2k < 0. Thus, there is an optimal
7.(.SC
retail price that provides the maximal profits. We obtain the optimal retail price as 2 & W) _ o,
p

So, we have p¥@* = THRAEM _ 2(] 4 ),

SC* > 5. thus the optimal retail price

is pSC* = E+A2¢Z+M _ %(1 +r), 150 _ (Efﬂ)(E+2Aafﬂ4)k+(Aa+>\2k(1+r))2 + 0@ + (a0 — boC) (C = Qeo):

SCx

Comparing p°“* and p, we find when Aa < —X\ok(1+7), p

otherwise, p°¢* < p, thus the optimal retail price is p°“* = p = (@ + 2Aa + M) /2k, 73¢* =

2



Therefore, based on the solutions in case(i) and (ii), we divide Aa into three cases in PROPO-

SITION 1. |

PROOF OF PROPOSITION 2.

) . orPR(p) &m P (p)
From Equation (8), we can obtain by = a4+ Aa — 2kp + kw, —47— = —2k < 0. Thus,

there is an optimal retail price that provides the maximal profits. We obtain the optimal price as

orp R (p)
Op

(i) When g+ rg — ¢PF=% — rgPE=0* > 0, we find w < @, where @ = (@ +2Aa+ M)/2k. In this

= 0. So, we have pP®* = (@ + Aa + kw)/2k. We then determine the wholesale prices w.

case, TR (W) = po(Q+71q) +wq— (ag—boC)(eg(Q+rg+7q) —C)— A (q+rg—¢PE % —rgPR=9)T and
8271';0DR(UJ)

0% (p) = (p—w)q. Then, we get % = (a+Aa—2kw+M+X k(1+7))/2, =27 = =2k < 0.

Thus, there is an optimal wholesale price that provides the maximal profits. We obtain the optimal

DR _ — .
wholesale price as a”a—w(w) = 0. So, we have wPf* = “AZ—‘,’:FM -+ %(1 + 7). Thus, we obtain the

optimal retail price as pP®** = W + %(1 +7).

Comparing wP®* and @, we find when Aa > A\ k(1+7), wP®* < &, thus the optimal wholesale

; " DRx _ a+Aa+M | M DRx __ 3a+3Ma+M | M :
price and retail price are w” ™ = S AL (147) and pP'™* = SEEEREEE 421 (14-7), the maximal

profits of the manufacturer and the platform are 727 = (afﬁ)(Hma*ﬁg),j(m*’\lk(lw))g +poQ@+(ao—

boC)(C'—Qep) and 7'('5 R — (E”LAG_MIE;\IMHTW, respectively; otherwise, the optimal wholesale price

and retail price are wPf* = @ = (a+2Aa+ M)/2k and pPF* = (3@ + 4Aa + M) /4k, the maximal

profits of the manufacturer and the platform are 727+ = @10 (E;QAWM) +poQ+(ag—boC)(C'—Qep)

DR« __ (a—M)>

and 7, = o, respectively.

(ii) When g + rg — P70 — rgPR=0* <0, we find w > @. In this case, 72 (w) = po(Q +1q) +

wq — (a0 — boC)(eo(Q + 17 +7) — C) — Mo”7 +r¢?F" — G —rg)* and 7 (p) = (p — w)7.

IrPE(w) _ =7 ?2nDR(w) .
Then, we get —Z5-— = (@+Aa—2kw+M — \ok(1+7))/2, —k—5— = —2k < 0. Thus, there is an

optimal wholesale price that provides the maximal profits. We can obtain the optimal wholesale

. 871'1?R(w)
price as —&——

price as pPf* = 3TE38atM _ 22(1 4 ),

= 0. So, we have wPF* = “AQ%M — %(1 + 7). Thus, we obtain the optimal retail

D Rx

Comparing wP®* and @, we find when Aa < —Xok(1+7), wPP* > &, thus the optimal wholesale

: : : DRx _ a+Aa+M )Xo DR+ __ 3a+3Aa+M Ao .
price and retail price are w™ ™ = SR — 2 (147) and p”* = SRS — 22 (147), the maximal

3



profits of the manufacturer and the platform are 72f* = (@-M) (EHACL_ME;E(AW/\Q}C(HTW +po@+(ao—

boC)(C' —Qep) and 7T£R* = (EJFA“_M%'; 2k(1+r))2, respectively; otherwise, the optimal wholesale price

and retail price are wP®* = @ = (@ +2Aa+ M)/2k and pPT* = (3@ + 4Aa + M) /4k, the maximal

profits of the manufacturer and the platform are 727* = (@=3) (E;;QAG_M) +po@+(ag—boC)(C'—Qeyp)

DRx __ (E—M)z .
and 7, = o respectively.

Therefore, based on the solutions in case(i) and (ii), we divide Aa into three cases in PROPO-

SITION 2. |

PROOF OF COROLLARY 2.

The difference of the profits in the centralized and decentralised situations with reselling mode
is as follows:
TSC—DR = 7TSC* o (TrgR* 4 7.‘,pDR*) —_

(@+ Aa)? —2M(a + Aa) — 2Xok(1 +7)(@ — Aa) + (M + Aak(1 +1))?

—a < Aa < —Xok(1+7)

16k
(@— M)(alng + 4Aaq) k(1 +7) < Aa < Mk(1+7) (1)
— 2 _ onNT(7 a— M — 2
(@+ Aa)? — 2M(a + Aa) + 2)\1k(116;€|— r)(@— Aa)+ (M — Mk(1+71)) Aa > Mk(1+7)

Under the two conditions that (i) @ + Aa > 0, that ensured the maximal market size of online
channel with demand disruptions is larger than zero; (ii) @ — M > 0, that ensured the opti-
mal demand d* = ¢* = @ — kpP~% > 0. We find that in case 1 (—a < Aa < —X\ok(1 + 7)),

when Aa < min{iga, —kXa(1 +7)} and E_Aa_;(l”ﬁ?(ﬂ_a) < A < k(’l—ﬁ‘;), msc—pr < 0; in case 2

(=Aok(1+7) < Aa < Mk(1 + 7)), when min{2=2 —kXy(1+7r)} < Aa < MT_E, Tsc—pr < 0; in

4
a—Aa—2+/Aa(M—a)
k(14r) )

M—a
4

case 3, Tsc_pr < 0 is never existed. To conclude, when Aa < and Ay >

the profit with reselling mode in the decentralized situation is larger than that in the centralized

situation. ]

PROOF OF PROPOSITION 3.

(i) When 7 + 17 — ¢P=0* — rgPM=% > 0, we find p < Pan, where fy, = THESULOH

In this case, " (p) = po(Q +77) + (1 — ¢)pg — (ao — boC)(eo(Q +7G+q) — C) — F — M (7 +

rqg — ¢PM — POt 7 PM(g) = épg + F. From Equation (8), we can obtain %ﬂj(m =

4



(@+ Aa)(1 = ¢) — 2kp(1 — ¢) + M + \k(1+7), 220 = —2(1 — ¢) < 0. Thus, there is an

optimal retail price that provides the maximal profits. We can obtain the optimal retail price as

orbM * a+Aa)(l MAXMEk(1+r
o ) — . So, we have pPM* = @+ia) 21?2? ¢)+ 1k(147)
Comparing p”M* and py,, we find when Aa > %ﬁ”, pPM* < pum, the optimal retail

(ﬂAa)(l*‘z’HMHlk(H”, and the maximal profits of the manufacturer and the

price is pPM* =

2k(1-¢)
platform are 7DM* = ((E+Aa)(1_¢)_M)2_/\41:((11:%)(ZAa(l_qs)_)\lk(Hr)) + po@ + (ao — boC)(C' — Qeo) —
and WDM* = ¢((a+Aa)2(1;22?:;1;%—}—)\116(1-&-7‘))2) + F; otherwise, the optimal retail price is pP?M* =

_ (@+2A0)(1—-¢)+M
Pan = 5

4k(1 L (1 —¢)a— M)((1 —¢)(@+2Aa) — M) + po@ + (ag — byC)(C — Qeg) — F and mDM* —

(A=¢)a—M)((1-¢)a+M+2Aa(1-¢))
4k(1-¢)?

(ii) When g+7rg—¢PM =% —rgPM =% <0, we find p > Pyp,. In this case, 72M (p) = po(Q+1q) +

(1=¢)pg—(ag—boC)(eo(Q+77+7) —C) = F = Xao(¢"M " +1¢PM =% —g—rg)*, 70V (¢) = ¢ppq+ F.

From Equation (8), we can obtain %ﬂg(”) = (@ + Aa)(1 — ¢) — 2kp(1 — @) + M — Xok(1 +7),

M (p)
Op?

the maximal profits of the manufacturer and the platform are w2* =

+ F', respectively.

= —2k(1—¢) < 0. Thus, there is an optimal retail price that provides the maximal profits.

BW%J\;(P) = 0. So, we have pPM* = (@+Aa)(1 nglﬂ\i) Aok(L4r)

We can obtain the optimal retial price as

and Py, we find when Aa < M, pPM* > p thus the optimal retail
(@+Aa)(1—¢)+M—Aak(1+r)
H(1—9)

platform are 7T£M* _ ((6+Aa)(1—qs)—M)2+>\Z:((11j;))(2Aa(1—¢)+>\2k(1+r)) + po@ + (ag — byC)(C — Qeg) —

and wPM* = ¢((E+A“)2(1;‘22:;%’)‘2]“(1”))2) + F'; otherwise, the optimal retail price is pP?M* =

Pdm = % the maximal profits of the manufacturer and the platform are w2* =

s o (= ¢)a — M)((1 — ¢)(@+ 2Aa) — M) + poQ + (ao — bC)(C — Qeg) — F and w2M* =

(1—¢)a M)((lek(f)aJ)rM”A“( —2) 4+ F respectively.

M

Comparing p”

, and the maximal profits of the manufacturer and the

price is pPM* =

Therefore, based on the solutions in case(i) and (ii), we divide Aa into three cases which is

shown in PROPOSITION 3. ]

PROOF OF PROPOSITION 4.

The difference of the manufacturer’s profits with reselling mode and marketplace mode is as

follows:



DRx __ ,__DMx

TDR-DM = Ty, Tm
(1—2¢)(a+ Aa)? —2M(a + Aa) + 2Aarok(1+7) (M2 + (Aek(1+7))?) (1 + ¢) L F a<Aa< ~ k(1 47)
8k 8k(1— ¢) 1-6
a(1 — 2¢)(@+ 2Aa) — 2M (a@+ Aa) — (Aa + \ok(1+7))2 M (1+ ) Xak(L+7) -
a(l - 20)(@ + 2Aa) — 2M(@ + Aa) M (1 + )
ok Sh(1—9) +F —Xk(1+7r)<Aa< Mk(1+7)
a(1 - 2¢)(@+ 2Aa) — 2M (@ + Aa) — (Aa — Mk(1+7)2 M (1+ ) Mk(L+7)
(1-2¢)@+ Aa)? — 28 (@ + Aa) — 20aM k(L +71) (B + (Mk(1+7)2)(1 + ) ME(L+7)
Y + k(1= 0) + F Aa>71_d)
(2)
We discuss the difference in five cases,
-2
Case i: —a < Aa < _%1(:1")_ When Aa = —a, mpr_pu(—a) = (M +(A28]Z((i;)))2)(1+¢) —
a’\2k(1+T)+F Thus, we find that if M <a< max{M a}, Tpr—pm(—a) > 0; otherwise,

—¢

B G k(1+T))2+M J(1+¢)
a) <0, where a = 22)\2k(1+7")(1—¢) '

7TDR—DM(—

From Equation (13), we can get BW%RT‘GDM = - ((1=20)(@+Aa) — M+ ok(1+7)), 62”&% =

4—116(1 —2¢) > 0. Thus, this is a convex programming problem. When Aa < Aayin1, Tpr—par is de-

creasing in Aa, where Ad,,in1 = —a+ % When Aa = Aain, W = 0, which means
Tpr—pa has the minimal solution, and Tpr_py = MAZk(1+T)(4;(1):$2((11\f2$(’\2k(1+r))2) — E’\211(,€1+T) +F.
When F < GAQZ(IJH) Mz\zk(1+r)(;g)_—(gi(z;;(/\zk(lw)ﬁ)’ we find mpr_py < 0; otherwise, when
F> “’\2]“4(]3”) M’\Qk(H’")(Zg)jﬁ(f;f)wm”))%, we find mpr_py > 0. Therefore, when Aa,,in1 <
Aa < —%T, Tpr—pMm 1s increasing in Aa.

Therefore, when %ﬁm <a< max{_’\ikf(};r),a}, there is a unique Aaj < Adan1 that, if

Aa < Aaj, mpr—pm > 0, that reselling mode is better than marketplace mode for the manufactur-
er; otherwise, when @ > max{M a}, if —a < Aa < Aapini, Tpr-pm < 0, that marketplace

mode is better than reselling mode for the manufacturer.

Case ii: =225 < Aa < —Aok(1+47). Similarly, TBA=LY = L ((1—2¢)a—Aa—M —Mok(1+

,,,))7 mpr-DM _

DAL —ﬁ < 0. Thus, this is a concave programming problem. When Aa < Adnaz1,

Tpr_pu is increasing in Aa, where Atz = @(1 — 2¢) — Aok(1 +7) — M > —Xok(1 + 7). Thus,

in this case, mpr_py is always increasing in Aa.

Case iii: —Xok(1 +7) < Aa < Mk(1 + 7). Similarly, Z2Epy — 1((1 — 2¢)a — M),



2
% = 0. Thus, the objective is a linear function and the constraint is larger than zero based

on our assumptions. Therefore, in this case, mpr_pys is always increasing in Aa.

Case iv: \ik(1+7) < Aa < Alk 1+T . Similarly, W = L((1-2¢)a—Aa— M+ k(1+7)),

2R .
SIoRDM = —ﬁ < 0. Thus, this is a concave programming problem. When Aa < Ad,a02,

Tpr_pa is increasing in Aa, where Adpagze = @(1—2¢) +Aik(14+7) — M > A\k(147). Therefore,

in this case, mpr_py is always increasing in Aa.

Case v: Aa > %{f) Similarly, BW%RTDM = (1 = 2¢)(@+ Aa) — M — M\k(1 + 7)),
62”&# = +-(1 —2¢) > 0. Thus, this is a convex programming problem. When Aa > Adpina,
Tpr—pym 1S increasing in Aa, where Aapine = —a — A2k(llj;;+ﬁ < Al’;(_lgr). Thus, in this case,

Tpr_pu 18 always increasing in Aa, and limag s 1 0oTpr_pM = +00.

To conclude when Aa < Aamin1, Tor—py is always decreasing in Aa. Otherwise, when Aa >

Abmin1, Tpr—pu is always increasing in Aa. Thus, for the conditions that (i) Tpr_py(Adming) <

0; (ii) limagsyoom™pr—pa > 0; (iii) when %%H) <a< max{%%m,’d}, Tpr_pm(—a) > 0;
otherwise, mpr_pu(—a) < 0. We can draw the conclusion in PROPOSITION 4. [ |

PROOF OF PROPOSITION 5.

; ; : SC—0% _ a+M
Without demand disruptions, p = -

DR—-0
(i) With reselling mode, awpa—p(m = a— 2kp+ kw. thus, pPR~0 = L After letting p¥¢—0% =

pPE=0 we find w = % Thus, we find that when r < rg, the manufacturer and the platform

can be coordinated; otherwise, the manufacturer and the platform can not be coordinated, where

_ _eo(ao—boC)
To = po—eo(ap—boC)
DM -0 —
(ii) With marketplace mode, aﬂ”a—p(m = a(1—¢)+M —2pk(1—¢). Because of p5¢—0* £ pPM=0
the manufacturer and the platform can not be coordinated. m

PROOF OF PROPOSITION 6.

With demand disruptions,



(a+Aa+M M1
atBat M lo(l+7) —a < Aa < —Xok(1+7)
2k 2
* a+20Aa+ M
P = 4 % “Aok(147) < Aa < Ak(1+7) (3)
a+Aa+M MN(1+7)
\ 5% + 5 Aa > Mk(1+7)
With reselling mode, 8”%;?@ ) — G+ Aa+ ko — 2kp. Thus, pP® = a+A2++’W, We discuss the

coordination in three cases,

Case i: —a < Aa < —X\k(1 + 7). After letting p°“* = pPf, we find that when r < ry, the

manufacturer and the platform can be coordinated; otherwise, the manufacturer and the platform

eo(ap—boC)—A2
po—eo(ao—boC)+Az2

can not be coordinated, where r| =

Case ii: —\ok(1 +7) < Aa < Mk(1+ 7). After letting p°“* = pPR we find that when

r < ry, the manufacturer and the platform can be coordinated; otherwise, the manufacturer and

eok(ao—boC)+Aa

the platform can not be coordinated, where r, = oo —colar—bo0))

Case iii: Aa > Mk(1 + 7). After letting p°“* = pPE, we find that when r < r3, the

manufacturer and the platform can be coordinated; otherwise, the manufacturer and the platform

eo(ag—boC)+A1
po—eo(ao—boC)—A1 "

can not be coordinated, where r3 =

To conclude, when r < ry, the manufacturer and the platform can be coordinated; when
r1 < r < ry if Aa > —Xk(1 + r), the manufacturer and the platform can be coordinated;
otherwise, the manufacturer and the platform can not be coordinated; when ro < r < rs3, if
Aa > Ak(147), the manufacturer and the platform can be coordinated; otherwise, the manufac-
turer and the platform can not be coordinated. Therefore, based on the solutions of these three

cases, we can get PROPOSITION 6. [

PROOF OF PROPOSITION 7.

With marketplace mode with demand disruptions, we discuss the coordination in five cases,,

Case i: —a < Aa < —%lf). There is not ¢ that satisfying pP* = p“*. Thus, the
manufacturer and the platform can not be coordinated.

Case ii: —Mﬁf) < Aa < —X\k(1 + 7). There is not exist ¢ that satisfying pP?M* = p5¢*.




Thus, the manufacturer and the platform can not be coordinated.

Case iii: —M\ok(1 +7) < Aa < 0. After letting pP* = p°“*| we find when ¢ = Aa+M,

the manufacturer and the platform can be coordinated. Thus, when r < ry, the manufacturer

and the platform can not be coordinated; otherwise, the manufacturer and the platform can be

eok(ao—boC)-{-Aa

Coordinated, where o = m.

Case iv: 0 < Aa < Mk(1 + 7). After letting pP?M* = p5°* we find when ¢ = AaAJfM’

the manufacturer and the platform can be coordinated. Thus, when r < ry, the manufacturer
and the platform can be coordinated; otherwise, the manufacturer and the platform can not be

coordinated.

Case v: \k(1+7) < Ag < 250D 1+T . After letting pPM* = p5©* we find when ¢ = —/\1;\;(]1“5:;:%,

the manufacturer and the platform can be coordinated. Thus, when r < r3, the manufacturer and

the platform can be coordinated; otherwise, the manufacturer and the the manufacturer and the

eo(ao—boC)+M1
po—eo(ao—boC)—A1 "

platform can not be coordinated, where r3 =

A1k(1+’r‘)

Case vi: Aa > There is not ¢ that satisfying p?M* = p“*. Thus, the manufacturer

and the platform can not be coordinated.

Therefore, based on the solutions of these six cases, we can get PROPOSITION 7. [ ]



