
Appendix

Appendix A: Equilibrium Solutions for Different Cases.

In this proof, we derive the equilibrium profits resulting from each model. We set the inverse demand
function as:

pi = m− (qi + λqj), (i, j ∈ {o, t, d}, i ̸= j and i = t ∨ j = t) (1)

Because the profit functions of the supplier and the e-platform are always expressed as concave
quadratic equations with respect to the decision variable (i.e., quantity), all the unreleased second-order
conditions are satisfied in the following profit-maximization problem. Therefore, we omit the description
of some of the second-order conditions for profit maximization.

Model N :
The e-platform only resells the supplier’s products in this scenario, bringing λ = 0 and i = t to

Equation (1) to obtain pt, we can derive the supplier’s and the e-platform’s profit function as follows:

πN
S = wqt (2)

πN
P = (pt − w)qt (3)

Solving
∂πN

P

∂qt
= m− 2q−w = 0, from which we can derive the optimal reselling quantity as a function

of the wholesale price qt(w) = m−w
2 . The supplier’s optimization problem in Stage 1 is characterized

by the first-order condition of Equation
∂πN

S

∂w = 1
2 (m − 2w) = 0, from which we can derive the optimal

wholesale price of product wN = m
2 . Substituting the above optimal wholesale price into the above

optimal reselling quantity function, we can derive the optimal reselling quantity: qNt = m
4 .

With the above equilibrium wholesale price and reselling quantity, inverse demand function in Equa-
tion (1), the supplier’s profit function in Equation (2) and the e-platform’s profit function in Equation
(3), we have all equilibrium solutions in Table 1.

Model D:
The supplier not only wholesales his products to the e-platform for reselling, but also sells products

through a direct channel in this scenario, we bring i = t, j = d and i = d, j = t to Equation (1) to obtain
pt and pd, respectively. We can derive the supplier’s and the e-platform’s profit function as follows:

πD
S = wqt + pdqd − F (4)

πD
P = (pt − w)qt (5)

Solving
∂πD

P

∂qt
= m − 2qt − w − λqd = 0, from which we can derive the optimal reselling quantity as

a function of the wholesale price and the direct selling quantity qt(w, qd) =
(m−w−λqd)

2 . The supplier’s
optimization problem in Stage 3 is characterized by the first-order condition of Equation (4):

∂πD
S

∂w
=

1

2
(m− 2w) = 0 (6)

∂πD
S

∂qd
= m− mλ

2
+ (−2 + λ2)qd = 0 (7)

The Hessian matrix for the profit function of the supplier is:[
−1 0
0 −2 + λ2

]
The Hessian matrix is positive. From Equation (6) and (7), we can derive the optimal wholesale

price of product wD = m
2 and the optimal direct selling quantity qDd = m(−2+λ)

2(−2+λ2) . Substituting the above

optimal wholesale price and optimal direct selling quantity into the above optimal reselling quantity

function, we can derive the optimal reselling quantity: qDt = m(−1+λ)
2(−2+λ2) . With the above equilibrium

wholesale price, direct selling quantity and reselling quantity, inverse demand function in Equation (1),
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the supplier’s profit function in Equation (6) and e-platform’s profit function in Equation (7), we have
all equilibrium solutions in Table 1.

Model A:
The supplier not only wholesales his products to the e-platform for reselling, but also sells products

through an agency channel on the e-platform by paying commissions in this scenario, we bring i = t,
j = o and i = o, j = t to Equation (1) to obtain pt and pd, respectively. We can derive the supplier’s
and the e-platform’s profit function as follows:

πA
S = wqt + (1− α)poqo (8)

πA
P = (pt − w)qt + αpoqo (9)

Solving
∂πA

P

∂qt
= m− 2q−w− (1 + α)λqo = 0, from which we can derive the optimal reselling quantity

as a function of the wholesale price and the agency selling quantity qt(w, qo) = (m−w−(1+α)λqo)
2 . The

supplier’s optimization problem in Stage 3 is characterized by the first-order condition of Equation (8):

∂πA
S

∂w
=

1

2
(m− 2(w + αλqo)) = 0 (10)

∂πA
S

∂qo
=

1

2
m(−1 + α)(−2 + λ)− wαλ+ (−2 + 2α+ λ2 − α2λ2)qo = 0 (11)

The Hessian matrix for the profit function of the supplier is:[
−1 0
0 (−1 + α)(2− (1 + α)λ2)

]
The Hessian matrix is positive. From Equation (10) and (11), we can derive the optimal wholesale price

of product wA = m(−2−2α2λ+λ2+α(2+2λ−λ2))
2(−2+2α+λ2) and the optimal agency selling quantity qAo = m(−2+2α+λ)

2(−2+2α+λ2) .

Substituting the above optimal wholesale price and optimal agency selling quantity into the above optimal

reselling quantity function, we can derive the optimal reselling quantity: qAt = m(1−α)(−1+λ)
2(−2+2α+λ2) .

With the above equilibrium wholesale price, agency selling quantity and reselling quantity, from inverse
demand function in Equation (1), the supplier’s profit function in Equation (8) and the e-platform’s profit
function in Equation (9), we have all equilibrium solutions in Table 1.

Model N̄ :
The supplier wholesales his products to the e-platform for reselling, and the e-platform provides EW

service as a countermeasure in this scenario, we bring λ = 0 and i = t to Equation (1) obtain pt. We can
derive the supplier’s and the e-platform’s profit function as follows:

De = qt − pe + vTe (12)

πN̄
S = wqt (13)

πN̄
P = (m− qt − w)qt + (pe − ρf)De − φT 2

e (14)

In Stage 4, the e-platform needs to decide on the EW price, the EW period and the reselling price.
Hence the e-platform’s optimization problem in Stage 4 is characterized by the first-order condition of
Equation (14):

∂πN̄
P

∂qt
= m+ pe − 2q − w − fρ = 0 (15)

∂πN̄
P

∂pe
= −2pe + q + Tev + fρ = 0 (16)

∂πN̄
P

∂Te
= vpe − fvρ− 2φTe = 0 (17)
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The Hessian matrix for the profit function of the supplier is:−2 1 0
1 −2 v
0 v −2φ


The Hessian matrix is non-positive when v2 < 3φ is met. From Equation (15), (16) and (17) which

we can derive the optimal reselling quantity, EW price, EW period as functions of the wholesale price

and the direct selling quantity q(w) = mv2−v2w−4mφ+4wφ+2fρφ
2v2−6φ , pe(w) = fρ(v2−φ)+(−m+w)φ

v2−3φ , Te(w) =
v(−m+w+2fρ)

2(v2−3φ) . The supplier’s optimization problem in Stage 3 is characterized by the first-order condition

of Equation (13):

∂πN̄
S

∂w
=

mv2 − 2v2w − 4mφ+ 8wφ+ 2fρφ

2v2 − 6φ
= 0 (18)

From Equation (18), we can derive the optimal wholesale price of product wN̄ = mv2−4mφ+2fρφ
2v2−8φ .

Substituting the above optimal wholesale price into the above optimal reselling quantity function, EW
price function and EW period function, we can derive the optimal reselling quantity, EW price and EW
period:

qN̄t =
mv2 − 4mφ+ 2fρφ

4v2 − 12φ
(19)

pN̄e =
mφ(−v2 + 4φ) + 2fρ(v4 − 5v2φ+ 5φ2)

2(v2 − 4φ)(v2 − 3φ)
(20)

T N̄
e =

v(−mv2 + 4fv2ρ+ 4mφ− 14fρφ)

4(v2 − 4φ)(v2 − 3φ)
(21)

With the above equilibrium wholesale price, reselling quantity, EW price and EW period, thus, inverse
demand function in Equation (1), EW demand function in (12), the supplier’s profit function in Equation
(13) and the e-platform’s profit function in Equation (14), we have all equilibrium solutions in Table 2.

Model D̄:
The supplier not only wholesales his products to the e-platform for reselling, but also sells products

, and the e-platform provides EW service as a countermeasure in this scenario, we bring i = t, j = d
and i = d, j = t to Equation (1) obtain pt and pd, respectively. We can derive the supplier’s and the
e-platform’s profit function as follows:

πD̄
S = wqt + (m− qd − λqt)qd − F (22)

πD̄
P = (m− qt − λqd − w)qt + (pe − ρf)De − φT 2

e (23)

In Stage 4, the e-platform needs to decide on the EW price, the EW period and the reselling price.
Hence the e-platform’s optimization problem in Stage 4 is characterized by the first-order condition of
Equation (23):

∂πD̄
P

∂qt
= m+ pe − 2q − w − λqd − fρ = 0 (24)

∂πD̄
P

∂pe
= −2pe + q + vTe + fρ = 0 (25)

∂πD̄
P

∂Te
= vpe − fvρ− 2φTe = 0 (26)

The Hessian matrix for the profit function of the supplier is:−2 1 0
1 −2 v
0 v −2φ


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The Hessian matrix is non-positive when v2 < 3φ is met. From Equation (24), (25) and (26)
which we can derive the optimal reselling quantity, EW price, EW period as functions of the whole-

sale price and the direct selling quantity qt(w, qd) = −v2(w+λqd)+m(v2−4φ)+2(2w+2λqd+fρ)φ
2(v2−3φ) , pe(w, qd) =

fρ(v2−φ)+(−m+w+λqd)φ
v2−3φ , Te(w, qd) =

v(−m+w+λqd+2fρ)
2(v2−3φ) . The supplier’s optimization problem in Stage 3 is

characterized by the first-order condition of Equation (22):

∂πD̄
S

∂w
=

mv2 − 2v2w − 4mφ+ 8wφ+ 2fρφ

2v2 − 6φ
= 0 (27)

∂πD̄
S

∂qd
= m− mλ

2
+ (−2 + λ2)qd = 0 (28)

The Hessian matrix for the profit function of the supplier is:[
−v2−4φ

v2−3φ 0

0 v2(−2+λ2)+(6−4λ2)φ
v2−3φ

]

The Hessian matrix is positive when v2(−2 + λ2) + (6− 4λ2)φ > 0 is met. From Equation (27) and

(28), we can derive the optimal wholesale price of product wD̄ = mv2−4mφ+2fρφ
2v2−8φ and the optimal direct

selling quantity qD̄d = 2fλρφ+m(v2(−2+λ)+6φ−4λφ)
2(v2(−2+λ2)+(6−4λ2)φ) . Substituting the above optimal wholesale price and

optimal direct selling quantity into the above optimal reselling quantity function, EW price function and
EW period function, we can derive the optimal reselling quantity, EW price and EW period:

qD̄t =
m(−1 + λ)(v2 − 4φ)− 2fρφ

2(v2(−2 + λ2) + (6− 4λ2)φ)
(29)

pD̄e =
−m(−1 + λ)(v2 − 4φ)φ+ fρ(v4(−2 + λ2) + 2v2(5− 3λ2)φ+ 2(−5 + 4λ2)φ2)

(v2 − 4φ)(v2(−2 + λ2) + (6− 4λ2)φ)
(30)

T D̄
e =

v(−m(−1 + λ)(v2 − 4φ) + 2fρ(v2(−2 + λ2) + (7− 4λ2)φ))

2(v2 − 4φ)(v2(−2 + λ2) + (6− 4λ2)φ)
(31)

With the above equilibrium wholesale price, direct selling quantity, reselling quantity, EW price
and EW period, thus, inverse demand function in Equation (1), EW demand function in (12), the
supplier’s profit function in Equation (22) and the e-platform’s profit function in Equation (23), we have
all equilibrium solutions in Table 3.

Model Ā:
The supplier not only wholesales his products to the e-platform for reselling, but also sell their products

through an agency channel on the e-platform by paying commissions, and the e-platform provides EW
service as a countermeasure in this scenario, we bring i = t, j = o and i = o, j = t to Equation (1) obtain
pt and po, respectively. We can derive the supplier’s and the e-platform’s profit function as follows:

πĀ
S = wqt + (1− α)poqo (32)

πĀ
P = q(pt − w) + αpoqo + (pe − ρf)De − φT 2

e (33)

In Stage 4, the e-platform needs to decide on the EW price, the EW period and the reselling price.
Hence the e-platform’s optimization problem in stage 4 is characterized by the first-order condition of
Equation (33):

∂πĀ
P

∂qt
= m+ pe − 2q − w − (1 + α)λqo − fρ = 0 (34)

∂πĀ
P

∂pe
= −2pe + q + vTe + fρ = 0 (35)

∂πĀ
P

∂Te
= pev − fvρ− 2φTe = 0 (36)
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The Hessian matrix for the profit function of the supplier is:−2 1 0
1 −2 v
0 v −2φ


The Hessian matrix is non-positive when v2 < 3φ is met. From Equation (34), (35) and (36) which

we can derive the optimal reselling quantity, EW price, EW period as functions of the wholesale price

and the direct selling quantity qt(w, qo) = −v2(w+(1+α)λqo)+m(v2−4φ)+2(2w+2(1+α)λqo+fρ)φ
2(v2−3φ) , pe(w, qo) =

fρ(v2−φ)+(−m+w+(1+α)λqo)φ
v2−3φ , Te(w, qo) =

v(−m+w+(1+α)λqo+2fρ)
2(v2−3φ) . The supplier’s optimization problem in

stage 3 is characterized by the first-order condition of Equation (32):

∂πĀ
S

∂w
=

−2v2(w + αλqo) +m(v2 − 4φ) + 2(4w + 4αλqo + fρ)φ

2(v2 − 3φ)
= 0 (37)

∂πĀ
S

∂qo
=

m(−1 + α)(v2(−2 + λ) + (6− 4λ)φ)− 2qo(−1 + α)(v2(−2 + (1 + α)λ2)+

6φ− 4(1 + α)λ2φ) + 2λ(−v2wα+ 4wαφ+ f(−1 + α)ρφ)

2(v2 − 3φ)
= 0 (38)

The Hessian matrix for the profit function of the supplier is:[
−v2−4φ

v2−3φ 0

0 − (−1+α)(v2(−2+(1+α)λ2)+6φ−4(1+α)λ2φ)
v2−3φ

]

The Hessian matrix is positive when v2(−2+2α+λ2)−2(−3+3α+2λ2)φ > 0 is met. From Equation

(37) and (38), we can derive the optimal wholesale price of product wĀ = (1−α)(2fρφ(v2(−2+λ2)+6φ−4λ2φ)
(v2−4φ)z1

+
m(v2−4φ)(v2(−2+2αλ+λ2)−2(−3+3αλ+2λ2)φ))

(v2−4φ)(z1
and the optimal direct selling quantity qĀo = mv2(−2+2α+λ)

z1
−

2m(−3+3α+2λ)φ+2fλρφ
z1

. Where z1 = 2v2(−2 + 2α + λ2) − 4(−3 + 3α + 2λ2)φ. Substituting the above
optimal wholesale price and optimal direct selling quantity into the above optimal reselling quantity
function, EW price function and EW period function, we can derive the optimal reselling quantity, EW
price and EW period:

qĀt =
(1− α)(m(−1 + λ)(v2 − 4φ)− 2fρφ)

2v2(−2 + 2α+ λ2)− 4(−3 + 3α+ 2λ2)φ
(39)

pĀe =
m(−1 + α)(−1 + λ)(v2 − 4φ)φ+ fρ(v4(−2 + 2α+ λ2)− 2v2(−5 + 5α+ 3λ2)φ+ 2(−5 + 5α+ 4λ2)φ2)

(v2 − 4φ)(v2(−2 + 2α+ λ2)− 2(−3 + 3α+ 2λ2)φ)
(40)

T Ā
e =

v(m(−1 + α)(−1 + λ)(v2 − 4φ) + 2fρ(v2(−2 + 2α+ λ2) + (7− 7α− 4λ2)φ))

2(v2 − 4φ)(v2(−2 + 2α+ λ2)− 2(−3 + 3α+ 2λ2)φ)
(41)

With the above equilibrium wholesale price, direct selling quantity, reselling quantity, EW price
and EW period, thus, inverse demand function in Equation (1), EW demand function in (12), the
supplier’s profit function in Equation (32) and the e-platform’s profit function in Equation (33), we have
all equilibrium solutions in Table 4.

Table 1, Table 2, Table 3, Table 4 summarizes the equilibrium solutions for five different models in
Section 4: no encroachment scenario (Model N), direct encroachment without EW service (Model D),
agency encroachment without EW service (Model A), no encroachment with EW service (Model N̄),
direct encroachment with EW service (Model D̄), agency encroachment with EW service (Model Ā).
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Table 1: Equilibrium solutions of Model N , D, A.

Notations Model N Model D Model A

ws m
2

m
2

m(−2−2α2λ+λ2+α(2+2λ−λ2))
2(−2+2α+λ2)

qs m
4

m(−1+λ)
2(−2+λ2) −m(−1+α)(−1+λ)

2(−2+2α+λ2)

qsd/q
s
o – m(−2+λ)

2(−2+λ2)
m(−2+2α+λ)
2(−2+2α+λ2)

pst
3m
4

m(−3+λ+λ2)
2(−2+λ2)

m(−3−α(−3+λ)+λ+λ2)
2(−2+2α+λ2)

psd/p
s
o – m

2
m(−2+λ2+α(2−λ+λ2))

2(−2+2α+λ2)

πs
S

m2

8 −F + m2(−3+2λ)
4(−2+λ2) −m2(−1+α)(−3+2α+2λ)

4(−2+2α+λ2)

πs
P

m2

16
m2(−1+λ)2

4(−2+λ2)2
m2(4α3+(−1+λ)2+α2(−7−2λ+5λ2)+α(2+4λ−7λ2+2λ3))

4(−2+2α+λ2)2

Note: “s” means superscript, representing model as no/direct/agency encroachment, respectively.

Table 2: Equilibrium solutions of Model N̄ .

Notations Model N̄

wN̄ mv2−4mφ+2fρφ
2v2−8φ

qN̄ mv2−4mφ+2fρφ
4v2−12φ

pN̄e
mφ(−v2+4φ)+2fρ(v4−5v2φ+5φ2)

2(v2−4φ)(v2−3φ)

T N̄
e

v(−mv2+4fv2p+4mφ−14fρφ)
4(v2−4φ)(v2−3φ)

pN̄t
3mv2−8mφ−2fρφ

4v2−12φ

DN̄
e −φ(m(v2−4φ)+2fρ(−2v2+7φ))

2(v2−4φ)(v2−3φ)

πN̄
S

(m(v2−4φ)+2fρφ)2

8(v2−4φ)(v2−3φ)

πN̄
P

m2(v2−4φ)2+4fmρ(v2−4φ)φ+4f2ρ2φ(−4v2+13φ)
16(v2−4φ)(v2−3φ)

Table 3: Equilibrium solutions of Model D̄.

Notations Model D̄

wD̄ mv2−4mφ+2fρφ
2v2−8φ

qD̄ 2fλρφ+m(v2(−2+λ)+6φ−4λφ)
2(v2(−2+λ2)+(6−4λ2)φ)

qD̄d
m(−1+λ)(v2−4φ)−2fρφ)
2(v2(−2+λ2)+(6−4λ2)φ)

pD̄e
−m(−1+λ)(v2−4φ)φ+fρ(v4(−2+λ2)+2v2(5−3λ2)φ+2(−5+4λ2)φ2)

(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ)

T D̄
e

v(−m(−1+λ)(v2−4φ)+2fρ(v2(−2+λ2)+(7−4λ2)φ))
2(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ)

pD̄t
mv2(−3+λ+λ2)−2m(−4+λ+2λ2)φ−2f(−1+λ2)ρφ

2(v2(−2+λ2)+(6−4λ2)φ)

pD̄t
m
2

DD̄
e

φ(−m(−1+λ)(v2−4φ)+2fρ(v2(−2+λ2)+(7−4λ2)φ))
(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ)

πD̄
S

4fm(−1+λ)ρ(v2−4φ)φ−4f2ρ2φ2+m2(v2−4φ)(v2(−3+2λ)+2(5−4λ)φ)−4F (v2−4φ)(v2(−2+λ2)+6φ−4λ2φ)
4(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ)

πD̄
P qD̄(pD̄t − wD̄) +DD̄

e (pD̄e − fρ)− φT D̄
e
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Table 4: Equilibrium solutions of Model Ā.

Notations Model Ā

wĀ (1−α)(2fρφ(v2(−2+λ2)+6φ−4λ2φ)+m(v2−4φ)(v2(−2+2αλ+λ2)−2(−3+3αλ+2λ2)φ))
2(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)

qĀ (1−α)(m(−1+λ)(v2−4φ)−2fρφ)
2v2(−2+2α+λ2)−4(−3+3α+2λ2)φ

qĀo
mv2(−2+2α+λ)−2m(−3+3α+2λ)φ+2fλρφ

2v2(−2+2α+λ2)−4(−3+3α+2λ2)φ

pĀe
m(−1+α)(−1+λ)(v2−4φ)φ+fρ(v4(−2+2α+λ2)−2v2(−5+5α+3λ2)φ+2(−5+5α+4λ2)φ2)

(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)

T Ā
e

v(m(−1+α)(−1+λ)(v2−4φ)+2fρ(v2(−2+2α+λ2)+(7−7α−4λ2)φ))
2(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)

pĀo
mv2(−2+λ2+α(2−λ+λ2))−2m(−3+2λ2+α(3−2λ+2λ2))φ−2fαλρφ

2v2(−2+2α+λ2)−4(−3+3α+2λ2)φ

pĀt
mv2(−3−α(−3+λ)+λ+λ2)+2m(4+α(−4+λ)−λ−2λ2)φ−2f(−1+α+λ2)ρφ

2v2(−2+2α+λ2)−4(−3+3α+2λ2)φ

DĀ
e

φ(m(−1+α)(−1+λ)(v2−4φ)+2fρ(v2(−2+2α+λ2)+(7−7α−4λ2)φ))
(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)

πĀ
S

(1−α)(4fm(−1+λ)ρ(v2−4φ)φ−4f2ρ2φ2+m2(v2−4φ)(v2(−3+2α+2λ)−2(−5+3α+4λ)φ))
4(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)

πĀ
P qĀ(pĀt − wĀ) + αpĀo q

Ā
o +DĀ

e (p
Ā
e − fρ)− φT Ā

e

2

Appendix B: Proof of Lemma and Proposition.

Proof of Lemma 1 The equilibrium solutions of model N , model D and model A are known from
Appendix A. Therefore, it is easy to conclude the following.

(1) wN = m
2 , w

D = m
2 , w

A = m(−2−2α2λ+λ2+α(2+2λ−λ2))
2(−2+2α+λ2) , wN − wA = mαλ(−2+2α+λ)

2(−2+2α+λ2) > 0, so it is easy

to see that wN = wD > wA.

(2) qNt = m
4 , qDt = m(−1+λ)

2(−2+λ2) , qAt = m(1−α)(−1+λ)
2(−2+2α+λ2) , qNt − qAt = mλ(−2+2α+λ)

4(−2+2α+λ2) > 0, qAt − qDt =
mα(1−λ)λ2

2(−2+λ2)(−2+2α+λ2) < 0, so it is easy to see that qNt > qAt > qDt .

(3) qDo +qDt = m(−3+2λ)
2(−2+λ2) , q

A
o +qAt = −m(3+α(−3+λ)−2λ)

2(−2+2α+λ2) , qDo +qDt −(qAo +qAt ) =
mα(−2+λ)(−1+λ)λ

2(−2+λ2)(−2+2α+λ2) > 0.

qAo + qAt − qNt = −m(−2+λ)(−2+2α+λ)
4(−2+2α+λ2) > 0, so it is easy to see that qDd + qDt > qAo + qAt > qNt .

∂(qDd +qDt −(qAo +qAt ))
∂α = m(−2+λ)(−1+λ)λ

2(−2+2α+λ2)2 > 0 , thus (qDd + qDt − (qAo + qAt )) increases with α.

Derivation of Critical Thresholds We follow the upper and lower bound rules defined in the main
paper to solve the upper and lower bounds of f for each model when the EW service is provided.

(1) We first prove whether the e-platform provides EW service under no encroachment scenario, the
e-platform only provides EW service when it is beneficial to do so. We can derive upper and lower
bounds on f for the provision of EW service by the e-platform by calculating them separately for
two cases. When f is too low so that the reselling price is lower than the wholesale price, e.g.,

pN̄t − wN̄ = mv4−6v2(m+fρ)φ+4(2m+5fρ)φ2

4(v2−4φ)(v2−3φ) > 0, we can get

f̂N
1 =

mv4 − 6mv2φ+ 8mφ2

6v2ρφ− 20ρφ2
(42)

Here we find that the denominator of f̂N
1 is negative, however, it is uncertain whether mv4 −

6mv2φ + 8mφ2 is positive or negative, so f̂N
1 is not necessarily positive. When φ > v2

2 , f̂N
1 < 0,

thus when v2

3 < φ < v2

2 , f̂N
1 > 0. When f is too high so that the EW period falls to zero with the

rising cost of EW, e.g., DN̄
e = −φ(m(v2−4φ)+2fρ(−2v2+7φ))

2(v2−4φ)(v2−3φ) > 0, we can get

f̂N
2 =

mv2 − 4mφ

4v2ρ− 14ρφ
(43)

Also, we prove that while v2 < 3φ, f̂N
2 − f̂N

1 = − m(v2−4φ)2(v2−3φ)
ρφ(6v4−41v2φ+70φ2) > 0. By solving that πN̄

P −

πN
P = 0, we can obtain two imaginary roots f =

(v2−4φ)(mρφ+(v2−3φ)

√
− 3m2ρ2φ2

v4−7v2φ+12φ2 )

2ρ2(4v2−13φ)φ and f =
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(v2−4φ)(mρφ+(−v2+3φ)

√
− 3m2ρ2φ2

v4−7v2φ+12φ2 )

2ρ2(4v2−13φ)φ . When f between the two roots, πN̄
P > πN

P . Thus when
v2

3 < φ < v2

2 , f < f̂N
1 or f > f̂N

2 and φ > v2

2 , f > f̂N
2 , the e-platform will not provide EW service.

(2) Under model D̄, similar to no encroachment scenario, we discuss the upper and lower bounds of
EW service provision by the e-platform under agency encroachment. When f is too low so that

the reselling price is lower than the wholesale price, e.g., pD̄t −wD̄ = 2fρφ(v2(3−2λ2)+2(−5+4λ2)φ)
2(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) +

m(−1+λ)(v4−6v2φ+8φ2)
2(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) > 0, we can get

f̂D
1 =

m(1− λ)(v2 − 4φ)(v2 − 2φ)

2ρφ(v2(3− 2λ2) + 2(−5 + 4λ2)φ)
(44)

Here we find that the denominator of f̂D
1 is negative, and (v2(3−2λ2)+2(−5+4λ2)φ)+(v2(−2+λ2)+

(6−4λ2)φ) = (1−λ2)(v2−4φ) < 0, however, it is uncertain whether v2−2φ is positive or negative, so

f̂D
1 is not necessarily positive. Thus when v2

3 < φ < v2

2 , f̂D
1 > 0. when f is too high so that the EW

period falls to zero with the rising cost of EW, e.g.,DD̄
e = φ(−m(−1+λ)(v2−4φ)+2fρ(v2(−2+λ2)+(7−4λ2)φ))

(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) >
0, we can get

f̂D
2 =

m(−1 + λ)(v2 − 4φ)

2ρ(v2(−2 + λ2) + (7− 4λ2)φ)
(45)

Also we prove that f̂D
2 − f̂D

1 = m(1−λ)(v2−4φ)2(v2(−2+λ2)+(6−4λ2)φ)
2ρφ(−v2(−2+λ2)+(−7+4λ2)φ)(v2(3−2λ2)+2(−5+4λ2)φ) > 0. By solving

that πD̄
P − πD

P = 0, we can obtain two imaginary roots

f =
(v2 − 4φ)(−m(−1 + λ)ρ(v2 − 3φ)φ+ (v2(−2 + λ2) + 6φ− 4λ2φ)2z5

2ρ2φ(v4(−2 + λ2)2 + v2(−25 + 28λ2 − 8λ4)φ+ (39 + 16λ2(−3 + λ2))φ2)
(46)

f = − (v2 − 4φ)(m(−1 + λ)ρ(v2 − 3φ)φ+ (v2(−2 + λ2) + 6φ− 4λ2φ)2z5
2ρ2φ(v4(−2 + λ2)2 + v2(−25 + 28λ2 − 8λ4)φ+ (39 + 16λ2(−3 + λ2))φ2)

(47)

Where z5 =
√

m2(−1+λ)2ρ2φ2(v2(−3+λ4)+(9−4λ4)φ)
(v2−4φ)(v2(−2+λ2)2−2(6−7λ2+2λ4)φ)2 . When f between the two roots, πD̄

P > πD
P . Thus

when v2(−2+λ2)
−(6−4λ2) < φ < v2

2 , f < f̂D
1 , f > f̂D

2 , the e-platform will not provide EW service.

(3) Under model Ā, similar to direct encroachment scenario, we discuss the upper and lower bounds
of EW service provision by the e-platform under agency encroachment. When f is too low so that
the reselling price is lower than the wholesale price, e.g., pĀt − wĀ = 0, we can get

f̂A
1 =

m(v2 − 4φ)(v2(−1 + α+ λ+ αλ(−3 + 2α+ λ))− 2(−1 + α+ λ+ αλ(−4 + 3α+ 2λ))φ)

2ρφ(v2(3(−1 + α)− (−2 + α)λ2) + 2(5− 5α+ 2(−2 + α)λ2)φ)
(48)

Let A = (v2(3(−1 + α) − (−2 + α)λ2) + 2(5 − 5α + 2(−2 + α)λ2)φ), A − (v2(−2 + 2α + λ2) −
2(−3 + 3α + 2λ2)φ) = (1 − α)(−1 + λ2)(v2 − 4φ) > 0, thus A > 0. However, it is uncer-

tain whether the numerator is positive or negative, so f̂A
1 is not necessarily positive. When

φ > v2(−1+α+λ+αλ(−3+2α+λ))
2(−1+α+λ+αλ(−4+3α+2λ)) , f̂A

1 < 0. Thus when v2

3 < φ < v2(−1+α+λ+αλ(−3+2α+λ))
2(−1+α+λ+αλ(−4+3α+2λ)) , f̂A

1 >

0. When f is too high so that the EW period falls to zero with the rising cost of EW, e.g.,

DĀ
e = φ(m(−1+α)(−1+λ)(v2−4φ)+2fρ(v2(−2+2α+λ2)+(7−7α−4λ2)φ))

(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ) > 0, we can get

f̂A
2 =

m(1− α)(−1 + λ)(v2 − 4φ)

2v2(−2 + 2α+ λ2)ρ− 2(−7 + 7α+ 4λ2)ρφ
(49)

We can easily find that when α < 1 − λ + λ2

2 , v2(−1+α+λ+αλ(−3+2α+λ))
4(−1+λ)+α(4+λ(−11+7α+4λ)) < v2(−2+2α+λ2)

−6+6α+4λ2 , it

means that, when φ > v2(−2+2α+λ2)
−6+6α+4λ2 , f̂A

1 < f̂A
2 . By solving that πĀ

P − πA
P = 0, we can also

obtain two imaginary roots, when f between the two roots, πĀ
P > πA

P . When f exceeds the upper

and lower bounds f̂A
1 and f̂A

2 , the e-platform will not provide EW service, where v2

3 < φ <
v2(−1+α+λ+αλ(−3+2α+λ))
2(−1+α+λ+αλ(−4+3α+2λ)) is the condition that f̂A

1 greater than 0.
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Then we compare the thresholds f̂D
1 , f̂D

2 , f̂N
1 , f̂N

1 for whether the e-platform adopts EW service under

direct encroachment: First of all, it’s easy to prove that f̂D
2 < f̂N

2 . If v2 > 2φ, then f̂D
1 < f̂N

1 , and if

v2 < 2φ, f̂D
1 , f̂N

1 are both less than zero, and v2 > 2φ is the condition that makes f̂D
1 and f̂N

1 greater

than 0. Let f̂D
2 = f̂N

1 , we can obtain

φ̂d1 = −
v2(14− 3λ(1 + 2λ) +

√
4 + λ(−4 + (1− 2λ)2λ))

−48 + 4λ(5 + 4λ)
(50)

When v2(−2+λ2)
−(6−4λ2) < φ < φ̂d1, f̂

D
2 < f̂N

1 . Then we compare the thresholds f̂A
1 , f̂A

2 , f̂N
1 , f̂N

2 for whether

the e-platform adopts EW service under agency encroachment: It is easy to prove that f̂A
2 < f̂N

2 when

α < 1 − λ + λ2

2 . Let f̂A
1 = f̂N

1 , we can get φ = v2(−1+2α)
−2+6α or φ = v2(−3+3α+2λ)

2(−5+5α+4λ) , when α < 1
3 ,

v2(−1+2α)
−2+6α > v2

2 , when 1
3 < α < 1

2 ,
v2(−1+2α)

−2+6α < 0, when 1
2 < α < 1− λ+ λ2

2 , v2(−1+2α)
−2+6α < v2

4 . We let

φ̂α1 =
v2(−3 + 3α+ 2λ)

2(−5 + 5α+ 4λ)
(51)

When φ < φ̂α1, f̂
A
1 > f̂N

1 , when φ > φ̂α1, f̂
A
1 < f̂N

1 . If α < (−1 + λ)2, φ̂α1 < v2(−2+2α+λ2)
2(−3+3α+2λ2) , thus

f̂A
1 < f̂N

1 . If α > 1− λ, thus f̂A
1 > f̂N

1 . Let f̂A
2 = f̂N

1 , we can get

φ̂α2 =
z6 + v2(14− 3λ(1 + 2λ) + α(−14 + 3λ)

48− 4λ(5 + 4λ) + 4α(−12 + 5λ)
(52)

Where z6 =
√
4(−1 + α)2 − 4(−1 + α)2λ+ (−1 + α)(−1 + 9α)λ2 + 4(−1 + α)λ3 + 4λ4. When 0 < α <

(−1 + λ)2, φ̂α2 > v2(−2+2α+λ2)
2(−3+3α+2λ2) , thus when φ < φ̂α2, f̂

N
1 > f̂A

2 . When α < (−1 + λ)2 < α < 1− λ+ λ2

2 ,

φ̂α2 < v2(−2+2α+λ2)
2(−3+3α+2λ2) , thus f̂

A
2 > f̂N

1 .

Proof of Lemma 2 Under no encroachment, ∂wN̄

∂f = ρφ
v2−4φ < 0,

∂qN̄t
∂f = ρφ

2v2−6φ < 0,
∂pN̄

t

∂f = − ρφ
2v2−6φ >

0,
∂pN̄

e

∂f = ρ(v4−5v2φ+5φ2)
(v2−4φ)(v2−3φ) ,

∂T N̄
e

∂f = vρ(2v2−7φ)
2(v4−7v2φ+12φ2) < 0,

∂DN̄
e

∂f = ρ(2v2−7φ)φ
(v2−4φ)(v2−3φ) < 0. ∂wN̄

∂φ = fv2ρ
(v2−4φ)2 > 0,

∂qN̄t
∂φ = −v2(m−2fρ)

4(v2−3φ)2 ,
∂pN̄

t

∂φ = v2(m−2fρ)
4(v2−3φ)2 ,

∂pN̄
e

∂φ = fv2ρ
(v2−4φ)2 − v2(m−2fρ)

2(v2−3φ)2 ,
∂T N̄

e

∂φ = 2fvρ
(v2−4φ)2 − 3v(m−2fρ)

4(v2−3φ)2 ,

∂DN̄
e

∂φ = fv2ρ
(v2−4φ)2 − v2(m−2fρ)

2(v2−3φ)2 . If m tends to infinity,
∂qN̄t
∂φ < 0,

∂pN̄
t

∂φ > 0,
∂pN̄

e

∂φ < 0,
∂TN

e

∂φ < 0,
∂DN̄

e

∂φ < 0.

When φ < (5+
√
5)v2

10 ,
∂pN̄

e

∂f < 0, otherwise,
∂pN̄

e

∂f > 0.

Under direct encroachment, ∂wD̄

∂f = ρφ
v2−4φ < 0,

∂qD̄d
∂f = λρφ

v2(−2+λ2)+(6−4λ2)φ > 0,
∂pD̄

t

∂f = (1−λ2)ρφ
v2(−2+λ2)+(6−4λ2)φ

> 0,
∂qD̄t
∂f = ρφ

2v2−6φ < 0,
∂DD̄

e

∂f = 2ρφ(v2(−2+λ2)+(7−4λ2)φ)
(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) < 0,

∂T D̄
e

∂f = vρ(v2(−2+λ2)+(7−4λ2)φ)
(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) < 0,

∂pD̄
e

∂f = ρ(v4(−2+λ2)+2v2(5−3λ2)φ+2(−5+4λ2)φ2)
(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) . ∂wD̄

∂φ = fv2ρ
(v2−4φ)2 > 0,

∂qD̄d
∂φ = v2λ(m−mλ+f(−2+λ2)ρ)

(v2(−2+λ2)+(6−4λ2)φ)2 ,
∂qD̄t
∂φ =

v2(m(−1+λ)−f(−2+λ2)ρ)
(v2(−2+λ2)+(6−4λ2)φ)2 ,

∂pD̄
t

∂φ = v2(1−λ2)(m−mλ+f(−2+λ2)ρ)
(v2(−2+λ2)+(6−4λ2)φ)2 ,

∂pD̄
e

∂φ = v2( fρ
(v2−4φ)2+

(−2+λ2)(m−mλ+f(−2+λ2)ρ)
(v2(−2+λ2)+(6−4λ2)φ)2 ),

∂T D̄
e

∂φ = 2fvρ
(v2−4φ)2 + v(−3+2λ2)(m−mλ+f(−2+λ2)ρ)

(v2(−2+λ2)+(6−4λ2)φ)2 ,
∂DD̄

e

∂φ = v2( fρ
(v2−4φ)2 + (−2+λ2)(m−mλ+f(−2+λ2)ρ)

(v2(−2+λ2)+(6−4λ2)φ)2 ). If m

tends to infinity,
∂qD̄t
∂φ < 0,

∂pD̄
d

∂φ > 0,
∂pD̄

e

∂φ < 0,
∂T D̄

e

∂φ < 0,
∂DD̄

e

∂φ < 0. When φ <
v2(5−3λ2)+

√
v4(5−4λ2+λ4)

10−8λ2 ,

∂pD̄
e

∂f < 0, otherwise,
∂pD̄

e

∂f > 0.

Under agency encroachment, ∂wĀ

∂f = (1−α)ρφ(v2(−2+λ2)+(6−4λ2)φ)
(v2−4φ)z3

< 0,
∂qĀo
∂f = 2λρφ

2z3
> 0,

∂qĀt
∂f =

2(−1+α)ρφ
2z3

< 0,
∂pĀ

t

∂f = (1−α−λ2)ρφ
z3

> 0,
∂pĀ

e

∂f = ρ(v4(−2+2α+λ2)−2v2(−5+5α+3λ2)φ+2(−5+5α+4λ2)φ2)
(v2−4φ)z3

,
∂pĀ

o

∂f =

αλρφ
−z3

< 0,
∂T Ā

e

∂f = vρ(v2(−2+2α+λ2)+(7−7α−4λ2)φ)
(v2−4φ)z3

< 0,
∂DĀ

e

∂f = 2ρφ(v2(−2+2α+λ2)+(7−7α−4λ2)φ)
(v2−4φ)z3

< 0.

∂wĀ

∂φ = v2( fρ
(v2−4φ)2 +

αλ2(m(−1+α+λ−αλ)−f(−2+2α+λ2)ρ)
z2
3

),
∂qĀo
∂φ = v2λ(m(−1+α)(−1+λ)+f(−2+2α+λ2)ρ)

z2
3

,
∂qĀt
∂φ =

2(−1+α)ρφ
2z3

< 0,
∂pĀ

t

∂φ = v2(1−α−λ2)(m(−1+α)(−1+λ)+f(−2+2α+λ2)ρ)
z2
3

,
∂pĀ

e

∂φ = z4
(v2−4φ)2z2

3
,

∂DĀ
e

∂φ = z4
(v2−4φ)2z2

3
,

∂pĀ
o

∂φ = − v2αλ(m(−1+α)(−1+λ)+f(−2+2α+λ2)ρ)
z2
3

,
∂T Ā

e

∂φ = 2fvρ
(v2−4φ)2+

v(−3+3α+2λ2)(m(−1+α)(−1+λ)+f(−2+2α+λ2)ρ)
z2
3

,

where z3 = (v2(−2+2α+λ2)− 2(−3+3α+2λ2)φ) > 0 z4 = v2(m(−1+α)(−1+λ)(−2+2α+λ2)(v2 −
4φ)2+2fρ(v4(−2+2α+λ2)2−2v2(−2+2α+λ2)(−7+7α+4λ2)φ+2(25(−1+α)2+28(−1+α)λ2+8λ4)φ2)).
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If m tends to infinity, ∂wĀ

∂φ < 0,
∂qĀo
∂φ > 0,

∂qĀt
∂φ < 0,

∂pĀ
t

∂φ > 0,
∂pĀ

o

∂φ < 0,
∂pĀ

e

∂φ < 0,
∂T Ā

e

∂φ < 0,
∂DĀ

e

∂φ < 0.

When φ <
v2(−5+5α+3λ2)−

√
v4(5(−1+α)2+4(−1+α)λ2+λ4)

2(−5+5α+4λ2) ,
∂pĀ

e

∂f < 0, otherwise,
∂pĀ

e

∂f > 0.

Proof of Proposition 1 In this proposition, we compare the EW price, EW period, and EW demand

of all scenarios. pN̄e − pĀe = λφ(−mv2(−2+2α+λ)+2m(−3+3α+2λ)φ−2fλρφ)
2(v2−3φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ) ,

T N̄
e − T Ā

e = −vλ(mv2(−2+2α+λ)−2m(−3+3α+2λ)φ+2fλρφ)
4(v2−3φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ) ,

DN̄
e −DĀ

e = −λφ(mv2(−2+2α+λ)−2m(−3+3α+2λ)φ+2fλρφ)
2(v2−3φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ) .

Let pN̄e −pĀe = T N̄
e −T Ā

e = DN̄
e −DĀ

e = 0, we can get a threshold f = m(−v2(−2+2α+λ)+2(−3+3α+2λ)φ)
2λρφ ,

we always have f̂N
1 −m(−v2(−2+2α+λ)+2(−3+3α+2λ)φ)

2λρφ = m(v2−3φ)(v2(−3+3α+2λ)−2(−5+5α+4λ)φ)
λρφ(−3v2+10φ) > 0, here let

(v2(−3+3α+2λ)−2(−5+5α+4λ)φ) = 0, we can get φ = v2(−3+2λ)
−10+8λ < v2(−2+λ2)

−(6−4λ2) . Thus (v
2(−3+3α+2λ)−

2(−5+5α+4λ)φ) > 0. f̂A
1 −m(−1+λ)(v2−4φ)

2ρφ = m(v2(−3+3α+2λ)−2(−5+5α+4λ)φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)
2λρφ(v2(3(−1+α)−(−2+α)λ2)+2(5−5α+2(−2+α)λ2)φ) >

0, where the denominator (v2(3(−1 + α) − (−2 + α)λ2) + 2(5 − 5α + 2(−2 + α)λ2)φ) > (v2(−3 + 3α +

2λ)− 2(−5 + 5α+ 4λ)φ) > 0, thus, m(−v2(−2+2α+λ)+2(−3+3α+2λ)φ)
2λρφ < max {f̂N

1 , f̂A
1 }, we can derive that,

pN̄e > pĀe , T
N̄
e > T Ā

e and DN̄
e > DĀ

e .

Similarly, pĀe −pD̄e = αλ2φ(m(−1+λ)(v2−4φ)−2fρφ)
z16

, T Ā
e −T D̄

e = vαλ2(m(−1+λ)(v2−4φ)−2fρφ)
2z16

, DĀ
e −DD̄

e =
αλ2φ(m(−1+λ)(v2−4φ)−2fρφ)

z16
, where z16 = (v2(−2+λ2)+(6−4λ2)φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ).

Let pĀe − pD̄e = T Ā
e − T D̄

e = DĀ
e − DD̄

e = 0, we can get a threshold f = m(−1+λ)(v2−4φ)
2ρφ , it can always

obtain that m(−1+λ)(v2−4φ)
2ρφ − f̂D

2 = −m(−1+λ)(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ)
2ρφ(−v2(−2+λ2)+(−7+4λ2)φ) > 0, m(−1+λ)(v2−4φ)

2ρφ − f̂A
2 =

−m(−1+λ)(v2−4φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ)
2ρφ(−v2(−2+2α+λ2)+(−7+7α+4λ2)φ) > 0, thus, m(−1+λ)(v2−4φ)

2ρφ > max {f̂D
2 , f̂A

2 }, we can derive

that, pĀe > pD̄e , T Ā
e > T D̄

e and DĀ
e > DD̄

e .

Proof of Proposition 2 These results can be obtained from Derivation of Critical Thresholds.

Proof of Proposition 3

(1) By solving that πN̄
S − πN

S = (m(v2−4φ)+2fρφ)2

8(v2−4φ)(v2−3φ) − m2

8 = 0, we can obtain

f̂N
3 =

−mρ(v2 − 4φ)−
√
m2ρ2(v2 − 4φ)(v2 − 3φ)

2ρ2φ
(53)

It is easy to prove that f̂N
1 < f̂N

3 < f̂N
2 , thus when f̂N

1 < f < f̂N
3 , the supplier can profit from the

provision of EW service.

(2) We first demonstrate the impact of EW service on the supplier’s direct encroachment, solving

πD̄
S − πD

S = φ(−m2(−1+λ)2(v2−4φ)+2fm(−1+λ)(−2+λ2)ρ(v2−4φ)−2f2(−2+λ2)ρ2φ)
2(−2+λ2)(v2−4φ)(v2(−2+λ2)+(6−4λ2)φ) = 0, we can get

f̂D
3 =

z7 +m(−1 + λ)(−2 + λ2)ρ(v2 − 4φ)

2(−2 + λ2)ρ2φ
(54)

Where z7 =
√
m2(−1 + λ)2(−2 + λ2)ρ2(v2 − 4φ)(v2(−2 + λ2) + 6φ− 4λ2φ). When f > f̂D

3 , πD̄
S −

πD
S < 0. So we need to determine the size of f̂D

3 and f̂D
1 , f̂D

2 . Firstly, it is easily to prove that

f̂D
3 < f̂D

2 . Then we compare f̂D
1 and f̂D

3 , let f̂D
1 = f̂D

3 , we can get a threshold

φ̂d2 =
−2
√
v4(2− λ2) + v2(−13 + 8λ2)

−46 + 32λ2
(55)

Here, φ̂d2 > v2(−2+λ2)
−(6−4λ2) , when

v2(−2+λ2)
−(6−4λ2) < φ < φ̂d2, it can be obtained that f̂D

3 < f̂D
1 , the supplier

cannot profit from EW service at this time. When φ > φ̂d2, it can be obtained that f̂D
3 > f̂D

1 , at

this time if f̂D
1 < f < f̂D

3 , the supplier cannot profit from EW service.

10



(3) Then we demonstrate the impact of EW service on the supplier’s agency encroachment, similar to
direct encroachment, solving πĀ

S − πA
S = (1 − α)φ(m2(−1 + α)(−1 + λ)2(v2 − 4φ) + 2fm(−1 +

λ)(−2+ 2α+ λ2)ρ(v2 − 4φ)− 2f2(−2+ 2α+ λ2)ρ2φ)2(−2+ 2α+ λ2)(v2 − 4φ)(v2(−2+ 2α+ λ2)−
2(−3 + 3α+ 2λ2)φ), we can get

f̂A
3 =

z8 +m(−1 + λ)(−2 + 2α+ λ2)ρ(v2 − 4φ)

2(−2 + 2α+ λ2)ρ2φ
(56)

Where z8 =
√
m2(−1 + λ)2(−2 + 2α+ λ2)ρ2(v2 − 4φ)(v2(−2 + 2α+ λ2)− 2(−3 + 3α+ 2λ2)φ).

When f > f̂A
3 , πĀ

S < πA
S . We need to determine the size of f̂A

3 and f̂A
1 , f̂A

2 . Firstly, it is easy to

prove that f̂A
3 < f̂A

2 . Then we compare f̂A
1 and f̂A

3 , Let f̂A
1 = f̂A

3 , we can get a threshold

φ̂α3 = (
√
z9 + v2(26(−1 + α)2 + 4(−1 + α)2(−13 + 14α)λ+ 2(−1 + α)(−5 + α(52 + 7(−5 + α)α))λ2 + 16(−2 + α)(−

1 + α)λ3 + (−16 + α(70 + 3α(−19 + 5α)))λ4 + 8(−2 + α)αλ5))/(92(−1 + α)2 + 8(−1 + α)2(−23 + 24α)λ+ 4(−1 + α)(−
7 + α(91 + 12(−5 + α)α))λ2 + 64(−2 + α)(−1 + α)λ3 + 8(−8 + α(34 + α(−27 + 7α)))λ4 + 32(−2 + α)αλ5)

(57)

Where z9 = v4(−1 + α)2(2 + (−2 + α)λ)2(−2 + 2α+ λ2)(4(−1 + α) + 8(−1 + α)2λ+ 2(−2 + α(8 +

(−5+α)α))λ2−4αλ3+α2λ4). Here, φ̂α3 > v2(−2+2α+λ2)
2(−3+3α+2λ2) , when

v2(−2+2α+λ2)
2(−3+3α+2λ2) < φ < φ̂α3, it can be

obtained that f̂A
3 < f̂A

1 , the supplier cannot profit from EW service at this time. When φ > φ̂α3,

it can be obtained that f̂A
3 > f̂A

1 , at this time if f̂A
1 < f < f̂A

3 , the supplier cannot profit from EW
service.

Proof of Proposition 4 Under direct encroachment,

(1) Solving for πD
S − πN

S = 0, we can get obtain that

F̂1 = −m2(−2 + λ)2

8(−2 + λ2)
(58)

When F > F̂1, π
D
S < πN

S , thus the supplier will not choose to encroach on the direct channel. The
conditions for the situation which the e-platform will not provide EW service under no encroachment

and direct encroachment scenario are


φ < v2

2 , 0 < f < f̂D
1 ;

f > f̂N
2 ;

φ < φ̂d1, f̂
D
2 < f < f̂N

1 .

.

(2) Solving for πD̄
S − πN

S = 0, we can get

f̂1 =
2m(−1 + λ)ρ(v2 − 4φ)φ−

√
2
√
(−8F +m2)ρ2(v2 − 4φ)φ2(v2(−2 + λ2) + 6φ− 4λ2φ)

4ρ2φ2
(59)

f̂1 exists only when F > m2

8 . When f̂D
1 < f < min{f̂1, f̂N

1 , f̂D
2 } and φ < v2

2 , it suggests that direct
encroachment makes the supplier better.

(3) Solving for πD
S − πN̄

S = 0, we can get

f̂2 = −
(v2 − 4φ)(mρφ+

√
2(v2 − 3φ)

√
− (m2(3−2λ)+4F (−2+λ2))ρ2φ2

(−2+λ2)(v4−7v2φ+12φ2) )

2ρ2φ2
(60)

When f̂2 < f < f̂N
2 , it suggests that direct encroachment makes the supplier worse off. When

max
{
f̂N
1 , f̂D

2

}
< f < f̂2, it suggests that direct encroachment makes the supplier better.
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(4) Solving for πD̄
S − πN̄

S = 0, we can get:

f̂3 =
m(−v2(−2 + λ)− 6φ+ 4λφ)

2λρφ
+

2F (v2 − 4φ)√
− 2Fλ2ρ2(v2−4φ)2φ2

(v2−3φ)(v2(−2+λ2)+6φ−4λ2φ)

(61)

Solving that f̂3 = f̂A
2 , we can obtain

F̂2 = − m2(v4(−2 + λ)(−2 + 2α+ λ2)− z10
8(v2 − 3φ)(v2(−2 + λ2) + (6− 4λ2)φ)(v2(−2 + 2α+ λ2) + (7− 7α− 4λ2)φ)2

(62)

Where z10 = v2(26 + α(−26 + λ(14 + λ)) + λ(−14 + λ(−15 + 8λ)))φ + 2((−7 + 4λ)(−3 + 2λ2) +

α(−21 + 2λ(6 + λ)))φ2)2. When f̂3 < f < f̂D
2 and F < F̂2, we can obtain that πD̄

S > πN̄
S .

Proof of Proposition 5 Under agency encroachment,

(1) Solving for πA
S − πN

S = −m2(−2+2α+λ)2

8(−2+2α+λ2) > 0, thus agency encroachment in favor of the supplier.

(2) Solving for πĀ
S − πN

S = 0, we can get

f̂4 =
z11 + 2m(1− α)(1− λ)ρ(v2 − 4φ)φ

4(−1 + α)ρ2φ2
(63)

Where z11 =
√
2m2(1− α)(1− 2α)ρ2(v2 − 4φ)φ2(v2(−2 + 2α+ λ2)− 2(−3 + 3α+ 2λ2)φ) and only

exists when α > 1
2 . Let f̂4 = f̂N

1 , we can only get two roots of α, which both less than 1
2 . It suggests

that agency encroachment makes the supplier better.

(3) Solving for πA
S − πN̄

S = 0, we can get

f̂5 =
(v2 − 4φ)(−mρφ+

√
− 2m2(−1+α)(−3+2α+2λ)ρ2(v2−3φ)φ2

(−2+2α+λ2)(v2−4φ)

2ρ2φ2
(64)

When 0 < α < 1− λ+ λ2

2 and f > f̂5, we can obtain that πA
S > πN̄

S . From Lemma 4 we can learn

that when φ < φ̂α1, f̂
A
1 > f̂N

1 , thus f̂N
1 < f < f̂A

1 will only happen if (−1 + λ)2 < α < 1− λ+ λ2

2

and φ < φ̂α1. When f > f̂5, we can obtain πA
S > πN̄

S , when f < f̂5, π
A
S < πN̄

S .

(4) Solving for πĀ
S − πN̄

S = (mv2(−2+2α+λ)−2m(−3+3α+2λ)φ+2fλρφ)2

−8(v2−3φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ) > 0, thus agency encroachment in

favor of the supplier.

Proof of Proposition 6 and 7 Under direct encroachment:

(1) Solving that πD
P − πN

P = m2λ(−8+8λ−λ3)
16(−2+λ2)2 < 0, we can prove that direct encroachment harms the

e-platform if the e-platform won’t provide EW service.

(2) Solving that πD̄
P − πN

P we can obtain two roots:

f̂K1 =
(v2(−2 + λ2) + 6φ− 4λ2φ)2z12 + (v2 − 4φ)(−2m(−1 + λ)ρ(v2 − 3φ)φ

4p2φ(v4(−2 + λ2)2 + v2(−25 + 28λ2 − 8λ4)φ+ (39 + 16λ2(−3 + λ2))φ2)
(65)

f̂K2 = −
(v2(−2 + λ2) + 6φ− 4λ2φ)2z12 + (v2 − 4φ)(2m(−1 + λ)ρ(v2 − 3φ)φ

4ρ2φ(v4(−2 + λ2)2 + v2(−25 + 28λ2 − 8λ4)φ+ (39 + 16λ2(−3 + λ2))φ2)
(66)

Where z12 =
√

m2ρ2φ(−v4λ(8−8λ+λ3)+v2(−3+8λ(7−7λ+λ2))φ+(9−16λ(6−6λ+λ3))φ2)
(v2−4φ)(v2(−2+λ2)+6φ−4λ2φ)2 . When f̂K1 < f <

f̂K2, the e-platform can benefit from direct encroachment if the e-platform provides EW service

after encroachment. It is easily to prove that, when φ = v2(−2+λ2)
−(6−4λ2) , f̂K1 = f̂K2 = f̂D

1 = f̂D
2 ,

f̂K1 − f̂D
1 first increases and then decreases with φ. When φ approaches infinity, f̂K1 − f̂D

1 < 0.

Therefore, there exists φ̂1 > v2(−2+λ2)
−(6−4λ2) , when φ < φ̂1, f̂K1 > f̂D

1 . Combining the conditions

of Proposition 3, we can prove that direct encroachment can benefit the e-platform only when

f̂D
1 < f < min

{
f̂K1, f̂1, f̂

N
1 , f̂D

2

}
and v2(−2+λ2)

−(6−4λ2) < φ < φ̂1.

12



(3) Solving that πD
S − πN̄

S = 0, we can obtain two roots, for the two square roots to be defined,

φ < v2λ(8−8λ+λ3)
3+λ(26−29λ+4λ3) needs to hold, but v2λ(8−8λ+λ3)

3+λ(26−29λ+4λ3) <
v2(−2+λ2)
−(6−4λ2) , thus π

D
S < πN̄

S .

(4) Solving that πD̄
S − πN̄

S = 0, we can obtain two roots f = m(−v2(−2+λ)+2(−3+2λ)φ)
2λρφ and f =

m(v2−4φ)(v2(−4+2λ+λ2)−2(−6+3λ+2λ2)φ)
2ρφ(−v2(−4+λ2)+4(−3+λ2)φ) . We compare f̂D

1 and m(−v2(−2+λ)+2(−3+2λ)φ)
2λρφ , when φ >

v2(−2+λ2)
−(6−4λ2) , f̂

D
1 > m(−v2(−2+λ)+2(−3+2λ)φ)

2λρφ . Then we compare f̂D
2 and m(v2−4φ)(v2(−4+2λ+λ2)

2ρφ(−v2(−4+λ2)+4(−3+λ2)φ) +
m(v2−4φ)(−2(−6+3λ+2λ2)φ)
2ρφ(−v2(−4+λ2)+4(−3+λ2)φ) . Only when φ < v2(−4+λ(2+λ))

−12+λ(5+4λ) , m(v2−4φ)(v2(−4+2λ+λ2)−2(−6+3λ+2λ2)φ)
2ρφ(−v2(−4+λ2)+4(−3+λ2)φ) <

f̂D
2 , but v2(−4+λ(2+λ))

−12+λ(5+4λ) < v2(−2+λ2)
−(6−4λ2) , thus f̂D

2 < m(v2−4φ)(v2(−4+2λ+λ2)−2(−6+3λ+2λ2)φ)
2ρφ(−v2(−4+λ2)+4(−3+λ2)φ) . Therefore,

when f is not between these two roots, πD̄
S > πN̄

S . When f between these two roots, πD̄
S < πN̄

S .

Under agency encroachment:

(1) Solving that πA
P − πN

P = m2(−2+2α+λ)(8α2−λ(−4+λ(2+λ))+2α(−4+λ(−4+5λ)))
16(−2+2α+λ2)2 = 0 we can obtain

α̂1 =
1

8
(4 + 4λ− 5λ2)− 1

8

√
16− 8λ2 − 32λ3 + 25λ4 (67)

When α̂1 < α < 1 − λ
2 , we can obtain that πA

P > πN
P , which means that the e-platform can

benefit from the supplier’s agency encroachment. Solving that πĀ
P − πN

P = 0, we can obtain two

roots f̂K3 and f̂K4. when φ = v2(−2+2α+λ2)
2(−3+3α+2λ2) , f̂K3 = f̂K4 = f̂A

1 = f̂A
2 , f̂K3 − f̂A

2 first increases

and then decreases with φ. When φ approaches infinity, f̂K3 − f̂A
2 < 0. Therefore, there exists

φ̂2 > v2(−2+2α+λ2)
2(−3+3α+2λ2) , when φ < φ̂2, f̂K3 > f̂A

2 . Combining the conditions of Proposition 3, we can

prove that agency encroachment can benefit the e-platform only when f > f̂N
2 or f < min{f̂N

1 , f̂A
1 }

and α̂1 < α < 1− λ+ λ2

2 .

(2) Solving that πA
P − πN̄

P = 0, we can obtain two roots f̂K5 and f̂K6. when φ = v2(−2+2α+λ2)
2(−3+3α+2λ2) ,

f̂K3 = f̂K4 = f̂A
1 = f̂A

2 ,when φ > v2(−2+2α+λ2)
2(−3+3α+2λ2) , f̂K5 < f̂A

1 < f̂A
2 < f̂K2. Thus, πA

P < πN̄
P .

Combining the conditions of Proposition 3, we can prove that agency encroachment can benefit the

e-platform only when max{0, f̂A
1 } < f < min {f̂N

1 , f̂A
2 , f̂K3}, max {φ̂α1,

v2(−2+2α+λ2)
2(−3+3α+2λ2)} < φ < v2

2 ,

α < 1− λ.

(3) Solving that πĀ
P − πN̄

P = 0, we can obtain two roots f̂K7 and f̂K8. when φ = v2(−2+2α+λ2)
2(−3+3α+2λ2) , f̂K3 =

f̂K4 = f̂A
1 = f̂A

2 ,when φ > v2(−2+2α+λ2)
2(−3+3α+2λ2) , f̂

A
1 < f̂K7 < f̂A

2 < f̂K8. Thus, when max
{
0, f̂A

1

}
< f̂K7,

πĀ
P > πN̄

P . Combining the conditions of Proposition 3, we can prove that agency encroachment can

benefit the e-platform only when max
{
0, f̂N

1 , f̂A
1

}
< f < f̂K7.

Proof of Proposition 8 Table B.1 to Table B.5 summarizes the equilibrium solutions for six different
scenarios where the initial channel is the agency channel: no encroachment scenario (Model Ṅ), direct
encroachment without EW service (Model Ḋ), resell encroachment without EW service (Model Ṫ ), no

encroachment with EW service (Model ˙̄N), direct encroachment with EW service (Model ˙̄D), resell

encroachment with EW service (Model ˙̄T ).

Table B.1: Equilibrium solutions of model Model Ṅ and Model Ṅ .

Notations Model Ṅ Model Ḋ

qo
m
2

m(−2+2α+2λ−αλ)
4(−1+α)+(−2+α)2λ2

qd/qt – m(−1+α)(2+(−2+α)λ)
4(−1+α)+(−2+α)2λ2

po
m
2 −m(−1+λ)(−2(1+λ)+α(2+λ))

4(−1+α)+(−2+α)2λ2

pd/pt – m(−1+α)(−1+λ)(−2+(−2+α)λ)
4(−1+α)+(−2+α)2λ2

πS
m2(1−α)

4 −F + m2(−2+α)(−1+α)(−1+λ)
4(−1+α)+(−2+α)2λ2

πP
m2α
4

m2α(2+α(−2+λ)−2λ)(−1+λ)(−2(1+λ)+α(2+λ))
(4(−1+α)+(−2+α)2λ2)2
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Table B.2: Equilibrium solutions of model Model Ṫ .

Notations Model Ṫ

wṪ −m(−1+α)(−2+2αλ+λ2)
2(−2+2α+λ2)

qṪo
m(−2+2α+λ)
2(−2+2α+λ2)

qṪt −m(−1+α)(−1+λ)
2(−2+2α+λ2)

pṪo
m
2

πṪ
S −m2(−1+α)(−3+2α+2λ)

4(−2+2α+λ2)

πṪ
P

m2(4α3+(−1+λ)2+α2(1+λ)(−7+5λ)+α(2+λ(4+λ(−7+2λ))))
4(−2+2α+λ2)2

Table B.3: Equilibrium solutions of model Model ˙̄N .

Notations Model ˙̄N

q
˙̄N
o

m
2

p
˙̄N
o

m
2

p
˙̄N
e

fρ(v2−2φ)−mφ
v2−4φ

T
˙̄N

e
v(2fρ−m)
2(v2−4φ)

D
˙̄N
e − (m−2fρ)φ

v2−4φ

π
˙̄N
S − 1

4m
2(−1 + α)

π
˙̄N
P

4fmρφ−4f2ρ2φ+m2(v2α−(1+4α)φ)
4(v2−4φ)

Table B.4: Equilibrium solutions of model Model ˙̄D.

Notations Model ˙̄D

q
˙̄D
o

m(−2+2α+2λ−αλ)
4(−1+α)+(−2+α)2λ2

q
˙̄D
d

m(−1+α)(2+(−2+α)λ)
4(−1+α)+(−2+α)2λ2

p
˙̄D
o −m(−1+λ)(−2(1+λ)+α(2+λ))

4(−1+α)+(−2+α)2λ2

p
˙̄D
d

m(−1+α)(−1+λ)(−2+(−2+α)λ)
4(−1+α)+(−2+α)2λ2

p
˙̄D
e

fρ(v2−2φ)(4(−1+α)+(−2+α)2λ2)+2mφ(2+α(−2+λ)−2λ)
(4(−1+α)+(−2+α)2λ2)(v2−4φ)

T
˙̄D

e
v(m(2−2α+(α−2)λ)+fρ(4α−4+(α−2)2λ2))

(4α−4+(α−2)2λ2)(v2−4φ)

D
˙̄D
e

2φ(m(2−2α+(α−2)λ)+fρ(4α−4+(α−2)2λ2))
(4α−4+(α−2)2λ2)(v2−4φ)

π
˙̄D
S −F + m2(−2+α)(−1+α)(−1+λ)

4(−1+α)+(−2+α)2λ2

π
˙̄D
P αq

˙̄D
o p

˙̄D
o +D

˙̄D
e (p

˙̄D
e − fρ)− φT

˙̄D
e

2
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Table B.5: Equilibrium solutions of model Model ˙̄D.

Notations Model ˙̄T

w
˙̄T −m(−1+α)(−2+2αλ+λ2)

2(−2+2α+λ2)

q
˙̄T
o

m(−2+2α+λ)
2(−2+2α+λ2)

q
˙̄T
d −m(−1+α)(−1+λ)

2(−2+2α+λ2)

p
˙̄T
o

m(−2+λ2+α(2+(−1+λ)λ))
2(−2+2α+λ2)

p
˙̄T
o

m(−3−α(−3+λ)+λ+λ2)
2(−2+2α+λ2)

p
˙̄T
e

fρ(v2−2φ)(−2+2α+λ2)−m(−2+2α+λ)φ
(−2+2α+λ2)(v2−4φ)

T
˙̄T

e
v(2fρ(−2+2α+λ2)−m(−2+2α+λ))

2(−2+2α+λ2)(v2−4φ)

D
˙̄T
e

(−m(−2+2α+λ)+2f(−2+2α+λ2)ρ)φ
(−2+2α+λ2)(v2−4φ)

π
˙̄T
S

m2(1−α)(−3+2α+2λ)
4(−2+2α+λ2)

π
˙̄T
P αq

˙̄T
o p

˙̄T
o + (p

˙̄T
t − w

˙̄T )q
˙̄T
o +D

˙̄T
e (p

˙̄T
e − fρ)− φT

˙̄T
e

2

From the above equilibrium solutions we can easily find, under no encroachment scenario, qṄo = q
˙̄N
o ,

qṄt = q
˙̄N
t , πṄ

S = π
˙̄N
S , under direct encroachment we have qḊo = q

˙̄D
o , qḊt = q

˙̄D
t , πḊ

S = π
˙̄D
S , and under agency

encroachment we have qAo = q
˙̄A
o , q

Ȧ
t = q

˙̄A
t , π

Ȧ
S = π

˙̄A
S .

Proof of Proposition 9 Table B.7 to Table B.9 summarize the equilibrium solutions for three different
scenarios where the supplier enters into a partial cost-sharing contract with the e-platform: no encroach-
ment scenario (Model N̂), direct encroachment scenario (Model D̂), agency encroachment scenario (Model
Â).

Table B.6: Equilibrium solutions of model Model N̂ .

Notations Model N̂

wN̂ 2fρφ((1−2e)v2−3(−1+e)2φ)+m(v4+(−7+8e)v2φ+12(−1+e)2φ2)
2v4+(−14+15e)v2φ+24(−1+e)2φ2

qN̂t
m(v2+4(−1+e)φ)2+2fρφ(v2−4(−1+e)2φ)

4v4+2(−14+15e)v2φ+48(−1+e)2φ2

pN̂t m− m(v2+4(−1+e)φ)2+2fρφ(v2−4(−1+e)2φ)
4v4+2(−14+15e)v2φ+48(−1+e)2φ2

pN̂e
2fv4ρ+v2((−1+e)m+(−10+11e)fρ)φ+2(−1+e)2(2m+5fρ)φ2

2v4+(−14+15e)v2φ+24(−1+e)2φ2

T N̂
e − v3(m−4fρ)+2(−1+e)v(2m−7fρ)φ

4v4+2(−14+15e)v2φ+48(−1+e)2φ2

DN̂
e

(−1+e)φ(v2(m−4fρ)+2(−1+e)(2m−7fρ)φ)
2v4+(−14+15e)v2φ+24(−1+e)2φ2

πN̂
S

m2(v2+4(−1+e)φ)2+4fmρφ(v2−4(−1+e)2φ)+4f2ρ2φ(φ+e2φ−2e(v2+φ))
8v4+4(−14+15e)v2φ+96(−1+e)2φ2

πN̂
P qN̂t (pN̂t − wN̂ ) +DN̂

e (pN̂e − fρ)− φ(1− e)T N̂
e

2
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Table B.7: Equilibrium solutions of model Model D̂.

Notations Model D̂

wD̂ (2fρφ(−((−1+2e)v2(−2+λ2))−2(−1+e)2(−3+2λ2)φ)+m(v4(−2+λ2)+v2(14−16e+eλ+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2))
2(v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2)

qD̂t
m(−1+λ)(v2+4(−1+e)φ)2+2fρφ(−v2+4(−1+e)2φ)

2(v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2)

qD̂d
(mv4(−2+λ)+v2(m(14−15e+8(−1+e)λ)+2fλρ)φ+8(−1+e)2(m(−3+2λ)−fλρ)φ2)

2(v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2)

pD̂t
(−2f(−1+λ2)ρφ(v2−4(−1+e)2φ)+m(v4(−3+λ+λ2)+v2(20−22e−6λ+7eλ+8(−1+e)λ2)φ+8(−1+e)2(−4+λ+2λ2)φ2))

2(v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2)

pD̂d
m
2

pD̂e
((−1+e)m(−1+λ)φ(v2+4(−1+e)φ)+fρ(v4(−2+λ2)+v2(10−11e+6(−1+e)λ2)φ+2(−1+e)2(−5+4λ2)φ2))

v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2

T D̂
e

v3(m−mλ+2f(−2+λ2)ρ)−2(−1+e)v(2m(−1+λ)+f(7−4λ2)ρ)φ
2(v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2)

DD̂
e

(−1+e)φ(v2(m(−1+λ)−2f(−2+λ2)ρ)+2(−1+e)(2m(−1+λ)+f(7−4λ2)ρ)φ)
v4(−2+λ2)+v2(14−15e+8(−1+e)λ2)φ+8(−1+e)2(−3+2λ2)φ2

πD̂
S wD̂qD̂t + pD̂d qD̂d − F − φeT D̂

e

2

πD̂
P qD̂t (pD̂t − wD̂) +DD̂

e (pD̂e − fρ)− φ(1− e)T D̂
e

2

Table B.8: Equilibrium solutions of model Model Â.
Notations Model Â

wÂ 2fφ(v2(−2(−1+2e)(−1+α)−(−1+2e+α)λ2)+2(−1+e)2(−1+α)(−3+2λ2)φ)+m(−1+α)(−v4(−2+2αλ+λ2)−v2(14−16e+(e−14α+15eα)λ+8(−1+e)λ2)φ−8(−1+e)2(−3+3αλ+2λ2)φ2)
2(v4(−2+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)

pÂt
(2f(−1+α+λ2)ρφ(−v2+4(−1+e)2φ)+m(v4(−3−α(−3+λ)+λ+λ2)+v2(2(−10+11e)(−1+α)−(−6+7e)(−1+α)λ+8(−1+e)λ2)φ−8(−1+e)2(4+α(−4+λ)−λ(1+2λ))φ2))

2(v4(−2+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)

pÂo
2fαλρφ(−v2+4(−1+e)2φ)+m(v4(−2+λ2+α(2+(−1+λ)λ))+v2((−14+15e)(−1+α)−8(−1+e)αλ+8(−1+e)(1+α)λ2)φ+8(−1+e)2(−3+2λ2+α(3+2(−1+λ)λ))φ2))

(2(v4(−2+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)

pÂe
(−((−1+e)m(−1+α)(−1+λ)φ(v2+4(−1+e)φ))+fρ(v4(−2+2α+λ2)+v2((−10+11e)(−1+α)+6(−1+e)λ2)φ+2(−1+e)2(−5+5α+4λ2)φ2))

(v4(−2+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)

T Â
e

v(m(−1+α)(−1+λ)(v2+4(−1+e)φ)+2fρ(v2(−2+2α+λ2)+(−1+e)(−7+7α+4λ2)φ))
2(v4(−2)+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)

DÂ
e

−(−1+e)φ(m(−1+α)(−1+λ)(v2+4(−1+e)φ)+2fρ(v2(−2+2α+λ2)+(−1+e)(−7+7α+4λ2)φ))
(v4(−2+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)

πÂ
S

−((4fm(−1+α)(−1+λ)pφ(v2−4(−1+e)2φ)+4f2p2φ(ev2(−2+2α+λ2)−(−1+e)2(−1+α)φ)+m2(−1+α)(v4(−3+2α+2λ)+v2(22−23e−14α+15eα+16(−1+e)λ)φ+8(−1+e)2(−5+3α+4λ)φ2))
(4(v4(−2+2α+λ2)+v2((−14+15e)(−1+α)+8(−1+e)λ2)φ+8(−1+e)2(−3+3α+2λ2)φ2)))

πÂ
P qÂt (p

Â
t − wÂ) + αpÂo q

Â
o +DÂ

e (p
Â
e − fρ)− φ(1− e)T Â

e

2

For Figure 5(A) in the main paper, solving that πN̂
P − πN̄

P = 0, we can get two roots f̂PN1 and f̂PN2,

which f̂PN1 < f̂PN2. Solving that πN̂
S − πN̄

S = 0, we can get two roots f̂SN1 and f̂SN2. Consider the

following parameters: m = 8, v = 3.5, α = 0.2, φ = 6.5, ρ = 0.6, λ = 0.5. When f̂PN1 < f̂SN2,
both parties will sign the partial cost-sharing contract. For Figure 5(B) in the main paper, solving that

πD̂
P − πD̄

P = 0, we can get two roots f̂PD1 and f̂PD2, which f̂PD1 < f̂PD2. Solving that πD̂
S − πD̄

S = 0, we

can get two roots f̂SD1 and f̂SD2. Consider the following parameters:m = 8, v = 3.5, α = 0.2, φ = 6.5,
ρ = 0.6, λ = 0.5. When f̂PD1 < f̂SD2, both parties will sign the partial cost-sharing contract. For

Figure 5(C) in the main paper, solving that πÂ
P − πĀ

P = 0, we can get two roots f̂PA1 and f̂PA2, which

f̂PA1 < f̂PA2. Solving that πÂ
S − πĀ

S = 0, we can get two roots f̂SA1 and f̂SA2. Consider the following

parameters: m = 8, v = 3.5, α = 0.2, φ = 6.5, ρ = 0.6, λ = 0.5. When f̂PA1 < f̂SA2, both parties will
sign the partial cost-sharing contract.

Proof of Proposition 10 Table B.10 to Table B.12 summarize the equilibrium solutions for three
different scenarios when EW service is provided by the supplier: no encroachment scenario (Model Ñ),

direct encroachment scenario (Model D̃), agency encroachment scenario (Model Ã).
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Table B.9: Equilibrium solutions of model Model Ñ .

Notations Model Ñ

wÑ mv2−3mφ−2fρφ
2v2−7φ

qÑt
mv2−4mφ+2fρφ

4v2−14φ

pÑt
3mv2−10mφ−2fρφ

4v2−14φ

pÑe
2fv2ρ−mφ−3fρφ

2v2−7φ

T Ñ
e − v(m−4fρ)

4v2−14φ

DÑ
e − (m−4fρ)φ

2v2−7φ

πÑ
S

m2(v2−4φ)+4fmρφ−8f2ρ2φ
8v2−28φ

πÑ
P

(m(v2−4φ)+2fρφ)2

4(2v2−7φ)2

Table B.10: Equilibrium solutions of model Model D̃.

Notations Model D̃

wD̃ mv2(−2+λ2)+m(6+λ−4λ2)φ−2f(−2+λ2)ρφ
2(v2(−2+λ2)+(7−4λ2)φ)

qD̃t
m(−1+λ)(v2−4φ)−2fρφ)
2(v2(−2+λ2)+(7−4λ2)φ)

qD̃d
mv2(−2+λ)+m(7−4λ)φ+2fλρφ

2(v2(−2+λ2)+(7−4λ2)φ)

pD̃t
mv2(−3+λ+λ2)+m(10−3λ−4λ2)φ−2f(−1+λ2)ρφ

2(v2(−2+λ2)+(7−4λ2)φ)

pD̃d
m
2

pD̃e
−m(−1+λ)φ+fρ(v2(−2+λ2)+(3−2λ2)φ)

v2(−2+λ2)+(7−4λ2)φ

T D̃
e

v(m−mλ+2f(−2+λ2)ρ)
2(v2(−2+λ2)+(7−4λ2)φ)

DD̃
e

(m−mλ+2f(−2+λ2)ρ)φ
v2(−2+λ2)+(7−4λ2)φ

πD̃
S

4fm(−1+λ)ρφ−4f2(−2+λ2)ρ2φ+m2(v2(−3+2λ)+(17−8λ)φ)−4F (v2(−2+λ2)+(7−4λ2)φ)
4(v2(−2+λ2)+(7−4λ2)φ)

πD̃
P

(m(−1+λ)(v2−4φ)−2fρφ)2

4(v2(−2+λ2)+(7−4λ2)φ)2

Table B.11: Equilibrium solutions of model Model Ã.

Notations Model D̃

wD̃ − 2f(−2+λ2+α(2+λ2))ρφ+m(−1+α)(v2(−2+2αλ+λ2)+(6+λ−7αλ−4λ2)φ)
2(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

qD̃t − (−1+α)(m(−1+λ)(v2−4φ)−2fρφ)
2(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

qD̃o
mv2(−2+2α+λ)+m(7−7α−4λ)φ+2fλρφ

2(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

pD̃t
mv2(−3−α(−3+λ)+λ+λ2)+m(10−3λ−4λ2+α(−10+3λ))φ−2f(−1+α+λ2)ρφ

2(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

pD̃o
mv2(−2+λ2+α(2−λ+λ2))+m(7−4λ2+α(−7+4λ−4λ2))φ−2fαλρφ

2(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

pD̃e
m(−1+α)(−1+λ)φ+fρ(v2(−2+2α+λ2)+(3−3α−2λ2)φ)

v2(−2+2α+λ2)+(7−7α−4λ2)φ

T D̃
e

v(m(−1+α)(−1+λ)+2f(−2+2α+λ2)ρ)
2(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

DD̃
e

(m(−1+α)(−1+λ)+2f(−2+2α+λ2)ρ)φ
v2(−2+2α+λ2)+(7−7α−4λ2)φ

πD̃
S − 4fm(−1+α)(−1+λ)ρφ+4f2(−2+2α+λ2)ρ2φ+m2(−1+α)(v2(−3+2α+2λ)+(11−7α−8λ)φ)

4(v2(−2+2α+λ2)+(7−7α−4λ2)φ)

πD̃
P qD̃t (pD̃t − wD̃) + αpD̃o qD̃o

Comparing the profit margins of whether the supplier offers EW service.
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πÑ
S − πN

S = − (m− 4fρ)2φ

8(2v2 − 7φ)
> 0 (68)

πD
S − πD

S = − (m−mλ+ 2f(−2 + λ2)ρ)2φ

4(−2 + λ2)(v2(−2 + λ2) + (7− 4λ2)φ)
> 0 (69)

πA
S − πA

S = − (m(−1 + α)(−1 + λ) + 2f(−2 + 2α+ λ2)ρ)2φ

4(−2 + 2α+ λ2)(v2(−2 + 2α+ λ2) + (7− 7α− 4λ2)φ)
> 0 (70)

Comparison of the profitability of the e-platform when the supplier provides EW service in various
scenarios.

πÑ
P − πN

P = − (m− 4fρ)φ(4mv2 − 15mφ+ 4fρφ)

16(2v2 − 7φ)2
(71)

When m
4ρ < f < m(−4v2+15φ)

4ρφ , πÑ
P − πN

P < 0, thus πÑ
P − πN

P > 0 base on f < f̂t1.

πD̃
P −πD

P =
(m(−1 + λ)− 2f(−2 + λ2)ρ)φ(−2f(−2 + λ2)ρφ+m(−1 + λ)(2v2(−2 + λ2) + (15− 8λ2)φ))

4(−2 + λ2)2(v2(−2 + λ2) + (7− 4λ2)φ)2

(72)

When m−mλ
4ρ−2λ2ρ < f < m(−1+λ)(2v2(−2+λ2)+(15−8λ2)φ)

2(−2+λ2)ρφ , πD̃
P −πD

P < 0, thus πD̃
P −πD

P > 0 base on f < f̂t2.

πÃ
P − πA

P =
(1 + α2 − α(2 + λ2))(m(−1 + α)(−1 + λ) + 2f(−2 + 2α+ λ2)ρ)φz17

4(−2 + 2α+ λ2)2(v2(−2 + 2α+ λ2) + (7− 7α− 4λ2)φ)2
(73)

Where z17 = (2f(−2 + 2α + λ2)ρφ + m(−1 + λ)(−2v2(−2 + 2α + λ2) + (−15 + 15α + 8λ2)φ)). When

−m(−1+α)(−1+λ)
2(−2+2α+λ2)ρ < f < m(−1+λ)(2v2(−2+2α+λ2)+(15−15α−8λ2)φ)

2(−2+2α+λ2)ρφ , πÃ
P − πA

P < 0, thus πÃ
P − πA

P > 0 base on

f < f̂t3.

Proof of Proposition 11

pÑe − pN̄e = − φ2(m(v2 − 4φ) + 2fρφ)

2(2v2 − 7φ)(v2 − 4φ)(v2 − 3φ)
(74)

T Ñ
e − T N̄

e = − vφ(m(v2 − 4φ) + 2fρφ)

4(2v2 − 7φ)(v2 − 4φ)(v2 − 3φ)
(75)

DÑ
e −DN̄

e = − φ2(m(v2 − 4φ) + 2fρφ)

2(2v2 − 7φ)(v2 − 4φ)(v2 − 3φ)
(76)

When f < −m(v2−4φ)
2ρφ , pÑe − pN̄e < 0, T Ñ

e − T N̄
e < 0, DÑ

e − DN̄
e < 0. We can obtain f̂t1 = m

4ρ ,

f̂t1 < −m(v2−4φ)
2ρφ , thus pÑe − pN̄e < 0, T Ñ

e − T N̄
e < 0, DÑ

e −DN̄
e < 0.

pDe − pD̄e =
φ2(−m(−1 + λ)(v2 − 4φ) + 2fρφ)

(v2 − 4φ)(v2(−2 + λ2) + (6− 4λ2)φ)(v2(−2 + λ2) + (7− 4λ2)φ)
(77)

T D̃
e − T D̄

e =
vφ(−m(−1 + λ)(v2 − 4φ) + 2fρφ)

2(v2 − 4φ)(v2(−2 + λ2) + (6− 4λ2)φ)(v2(−2 + λ2) + (7− 4λ2)φ)
(78)

DD̃
e −DD̄

e =
φ2(−m(−1 + λ)(v2 − 4φ) + 2fρφ)

(v2 − 4φ)(v2(−2 + λ2) + (6− 4λ2)φ)(v2(−2 + λ2) + (7− 4λ2)φ)
(79)

When f < m(−1+λ)(v2−4φ)
2ρφ , pD̃e − pD̄e < 0, T D̃

e −T D̄
e < 0, DD̃

e −DD̄
e < 0. We can obtain f̂t2 = m−mλ

4ρ−2λ2ρ ,

f̂t2 < m(−1+λ)(v2−4φ)
2ρφ , thus pD̃e − pD̄e < 0, T D̃

e − T D̄
e < 0, DD̃

e −DD̄
e < 0.

pÃe − pĀe =
(−1 + α)2φ2(−m(−1 + λ)(v2 − 4φ) + 2fρφ)

z18
(80)

T Ã
e − T Ā

e = −v(−1 + α)2φ(m(−1 + λ)(v2 − 4φ)− 2fρφ)

2z18
(81)
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DÃ
e −DĀ

e =
(−1 + α)2φ2(−m(−1 + λ)(v2 − 4φ) + 2fρφ)

z18
(82)

where z18 = (v2−4φ)(v2(−2+2α+λ2)+(7−7α−4λ2)φ)(v2(−2+2α+λ2)−2(−3+3α+2λ2)φ). When

f < m(−1+λ)(v2−4φ)
2ρφ , pÃe − pĀe < 0, T Ã

e − T Ā
e < 0, DÃ

e −DĀ
e < 0. We can obtain f̂t3 = −m(−1+α)(−1+λ)

2(−2+2α+λ2)ρ ,

f̂t3 < m(−1+λ)(v2−4φ)
2ρφ , thus pÃe − pĀe < 0, T Ã

e − T Ā
e < 0, DÃ

e −DĀ
e < 0.

Proof of Proposition 12 We consider the impact of channel encroachment on consumer surplus and
social welfare. The consumer surplus and social welfare under no encroachment without EW service
(Model N), direct encroachment without EW service (Model D), and agency encroachment without EW
service (Model A) are given by

CSN =
m2

32
(83)

SWN =
7m2

32
(84)

CSD =
m2
(
5 + 2(−3 + λ)λ

)
8(−2 + λ2)2

(85)

SWD =
m2
(
19 + 2λ(−9 + λ(−1 + 2λ))

)
8(−2 + λ2)2

− F (86)

CSA =
m2
(
5 + 2(−3 + λ)λ− 2α(5 + (−4 + λ)λ) + α2(5 + (−2 + λ)λ)

)
8(−2 + 2α+ λ2)2

(87)

SWA =
m2
(
19(−1 + α)2 − 2(−1 + α)(−9 + 7α)λ+ (−2 + α(−6 + 7α))λ2 + 4λ3

)
8(−2 + 2α+ λ2)2

(88)

Comparing consumer surplus under direct encroachment and no encroachment, we obtain CSD −

CSN =
m2
(
−16+24λ−12λ2+λ4

)
−32(−2+λ2)2 > 0. Therefore, direct encroachment improves consumer surplus. Further,

comparing social welfare yields SWD −SWN =
m2(2−λ)

(
24+(−2+λ)λ(12+7λ)

)
32(−2+λ2)2 −F . Hence, when F < FS1,

we have SWD − SWN > 0, where FS1 =
m2(2−λ)

(
24+(−2+λ)λ(12+7λ)

)
32(−2+λ2)2 .

Comparing consumer surplus under agency encroachment and no encroachment, we obtain CSA −

CSN =
m2(−2+2α+λ)

(
−8−(−2+λ)λ(4+λ)+2α(4+(−2+λ)λ)

)
32(−2+2α+λ2)2 . It follows that, when αC1 < α < 1 − λ/2, we

have CSA − CSN > 0, where αC1 =
m2(2−λ)

(
24+(−2+λ)λ(12+7λ)

)
32(−2+λ2)2 . Further, comparing social welfare

yields SWA − SWN =
m2(−2+2α+λ)

(
−24+λ(24+(2−7λ)λ)+2α(12+7(−2+λ)λ)

)
32(−2+2α+λ2)2 . Solving SWA − SWN = 0, we

obtain α = 1 − λ
2 and α = 24+(−2+λ)λ(12+7λ)

24+14(−2+λ)λ . Since 24+(−2+λ)λ(12+7λ)
24+14(−2+λ)λ > 1 − λ

2 , it follows that when

α < 1− λ/2, we have SWA − SWN > 0.

Proof of Proposition 13 We compare the impact of EW service on consumer surplus and social
welfare under no encroachment. Under no encroachment with self-operated EW service (Model N̄),
consumer surplus and social welfare are given by

CSN̄ =
m2(v2 − 4φ)2(v4 − 8v2φ+ 20φ2)

32(v4 − 7v2φ+ 12φ2)2

+
4fmρ(v2 − 4φ)φ(v4 − 16v2φ+ 44φ2) + 4f2ρ2φ2(17v4 − 120v2φ+ 212φ2)

32(v4 − 7v2φ+ 12φ2)2

(89)

SW N̄ =
4f2ρ2φ(−8v6 + 103v4φ− 426v2φ2 + 572φ3)

32(v4 − 7v2φ+ 12φ2)2

+
m2(v2 − 4φ)2(7v4 − 50v2φ+ 92φ2) + 4fmρ(v2 − 4φ)φ(7v4 − 58v2φ+ 116φ2)

32(v4 − 7v2φ+ 12φ2)2

(90)
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Setting CSN̄ − CSN = 0, we find that there is no real root. Moreover, when f = 0, we have

CSN̄ − CSN = (−m)2(2v2−11φ)(v2−4φ)2φ
32(v4−7v2φ+12φ2)2 > 0. Therefore, CSN̄ > CSN .

Setting SW N̄ − SWN = 0, we find that there is no real root. Moreover, when f = 0, we have

SW N̄ − SWN = m2(v2−4φ)2(7v4−50v2φ+92φ2)
32(v4−7v2φ+12φ2)2 > 0. Therefore, SW N̄ > SWN .

Derivation of Critical Thresholds of outsourced EW The comparison of the equilibrium EW
decisions under different EW modes is as follows.

Table B.12: Equilibrium solutions of Model N̄T

Variable Equilibrium value

wN̄T 7mφt −mv2 − 2fφtρ

14φt − 2v2

tN̄T 3mφt(7φt − v2) + 2f(45φ2
t − 20φtv

2 + 2v4)ρ

4(42φ2
t − 13φtv2 + v4)

qN̄T
t

7mφt −mv2 − 2fρφt

24φt − 4v2

pN̄T
e

5mφt(7φt − v2) + 2f(19φ2
t − 16v2φt + 2v4)ρ

4(42φ2
t − 13v2φt + v4)

T N̄T
e

−v(−7mφt +mv2 + 26fφtρ− 4fv2ρ)

4(42φ2
t − 13φtv2 + v4)

pN̄T
t

17mφt − 3mv2 + 2fφtρ

24φt − 4v2

DN̄T
e

φt(7mφt −mv2 − 26fφtρ+ 4fv2ρ)

2(42φ2
t − 13φtv2 + v4)

πN̄T
S

(
m(−7φt + v2) + 2fφtρ

)2
8(42φ2

t − 13φtv2 + v4)

πN̄T
P

m2(−7φt + v2)2(39φ2
t − 12φtv

2 + v4)

16(42φ2
t − 13φtv2 + v4)2

− 4fmφt(21φ
3
t + 39φ2

t v
2 − 13φtv

4 + v6)ρ− 4f2φ2
t (543φ

2
t − 168φtv

2 + 13v4)ρ2

16(42φ2
t − 13φtv2 + v4)2

πN̄T
T

−φt(−7mφt +mv2 + 26fφtρ− 4fv2ρ)2

16(6φt − v2)(−7φt + v2)2

Table B.13: Equilibrium solutions of Model D̄T
Variable Equilibrium value

wD̄T 7mφt −mv2 − 2fφtρ

14φt − 2v2

qD̄T
d

−mv2(−2 + λ) +mφt(−12 + 7λ)− 2fφtλρ

−2v2(−2 + λ2) + 2φt(−12 + 7λ2)

tD̄T
3mφt(7φt − v2)(−1 + λ) + 2f

(
φtv

2(20− 11λ2) + v4(−2 + λ2) + φ2
t (−45 + 28λ2)

)
ρ

2(7φt − v2)
(
−v2(−2 + λ2) + φt(−12 + 7λ2)

)
qD̄T
t

m(7φt − v2)(−1 + λ) + 2fφtρ

−2v2(−2 + λ2) + 2φt(−12 + 7λ2)

pD̄T
e

5mφt(7φt − v2)(−1 + λ) + 2f
(
φtv

2(16− 9λ2) + v4(−2 + λ2) + φ2
t (−19 + 14λ2)

)
ρ

2(7φt − v2)
(
−v2(−2 + λ2) + φt(−12 + 7λ2)

)
T D̄T
e

v
(
m(7φt − v2)(−1 + λ) + 2f(φt(13− 7λ2) + v2(−2 + λ2))ρ

)
2(7φt − v2)

(
−v2(−2 + λ2) + φt(−12 + 7λ2)

)
pD̄T
t

−mv2(−3 + λ+ λ2) +mφt(−17 + λ(5 + 7λ)) + 2fφt(−1 + λ2)ρ

−2v2(−2 + λ2) + 2φt(−12 + 7λ2)

pD̄T
d

m

2

DD̄T
e

φt

(
m(7φt − v2)(−1 + λ) + 2f(φt(13− 7λ2) + v2(−2 + λ2))ρ

)
(7φt − v2)

(
−v2(−2 + λ2) + φt(−12 + 7λ2)

)
πD̄T
S

m2(−7φt + v2)2(39φ2
t − 12φtv

2 + v4)(−1 + λ)2

4(7φt − v2)
(
−v2(−2 + λ2) + φt(−12 + 7λ2)

) +
4fmφt(7φt − v2)(−1 + λ)ρ+ 4f2φ2

tρ
2

4(7φt − v2)
(
−v2(−2 + λ2) + φt(−12 + 7λ2)

) + 4fmφt(7φt − v2)(−1 + λ)
(
2φtv

2(3− 5λ2) + v4(−1 + λ2) + 3φ2
t (1 + 7λ2)

)
ρ

4(7φt − v2)
(
−v2(−2 + λ2) + φt(−12 + 7λ2)

)
πD̄T
P

4f2φ2
t

(
543φ2

t − 168φtv
2 + 13v4 − 2(315φ2

t − 94φtv
2 + 7v4)λ2 + 4(−7φt + v2)2λ4

)
ρ2

4(−7φt + v2)2
(
φt(12− 7λ2) + v2(−2 + λ2)

)2 +
4f2φ2

t

(
543φ2

t − 168φtv
2 + 13v4 − 2(315φ2

t − 94φtv
2 + 7v4)λ2 + 4(−7φt + v2)2λ4

)
ρ2

4(−7φt + v2)2
(
φt(12− 7λ2) + v2(−2 + λ2)

)2
πD̄T
T

φt(6φt − v2)
(
m(7φt − v2)(−1 + λ) + 2f(φt(13− 7λ2) + v2(−2 + λ2))ρ

)2
4(−7φt + v2)2

(
φt(12− 7λ2) + v2(−2 + λ2)

)2

The case of no encroachment with outsourced EW service. Treating πN̄T
P − πN

P as a quadratic func-

tion of f , solving πN̄T
P − πN

P = 0 shows that it has no real root. Moreover, when f = 0, we have

πN̄T
P − πN

P =
3m2φ2

t (−7φt+v2)2

16(42φ2
t−13φtv2+v4)2

> 0. Thus, it follows that πN̄T
P > πN

P . Solving pN̄T
t − wN̄T =

m(35φ2
t−12φtv

2+v4)+2fφt(19φt−3v2)ρ

4(42φ2
t−13φtv2+v4)

> 0 yields the threshold at which the unit profit of the reselling channel

is zero:

f̂TN
1 =

35mφ2
t − 12mφtv

2 +mv4

6φtv2ρ− 38φ2
tρ

(91)

When f > f̂TN
1 , we have pN̄T

t − wN̄T > 0. Since the denominator of f̂TN
1 is negative, while the sign of

35mφ2
t − 12mφtv

2 +mv4 is uncertain, f̂TN
1 is not necessarily always positive.
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Solving DN̄T
e = φt(7mφt−mv2−26fφtρ+4fv2ρ)

2(42φ2
t−13φtv2+v4)

> 0 yields the threshold for positive EW demand:

f̂TN
2 =

m(7φt − v2)

26φtρ− 4v2ρ
(92)

When f < f̂TN
2 , we have DN̄T

e > 0. When v2 < 6φt, it follows that f̂
TN
2 − f̂TN

1 = −m(6φt−v2)(−7φt+v2)2

φt(247φ2
t−77φtv2+6v4)ρ

>

0.
The case of direct encroachment with outsourced EW service. Treating πD̄T

P − πD
P as a quadratic

function of f , solving πD̄T
P − πD

P = 0 shows that it has no real root. Moreover, when f = 0, we have

πD̄T
P −πD

P = 1
4m

2(−1+λ)2

(
− 1

(−2+λ2)2 +
39φ2

t−12φtv
2+v4(

φt(12−7λ2)+v2(−2+λ2)
)2) > 0. Thus, it follows that πD̄T

P > πD
P .

Solving pD̄T
t −wD̄T =

m(35φ2
t−12φtv

2+v4)(−1+λ)+2fφt

(
v2(3−2λ2)+φt(−19+14λ2)

)
ρ

2(7φt−v2)
(
−v2(−2+λ2)+φt(−12+7λ2)

) > 0 yields the threshold at

which the unit profit of the reselling channel is zero:

f̂TD
1 =

m(35φ2
t − 12φtv

2 + v4)(1− λ)

2φt

(
v2(3− 2λ2) + φt(−19 + 14λ2)

)
ρ

(93)

When f > f̂TD
1 , we have pD̄T

t − wD̄T > 0. Since the denominator of f̂TD
1 is negative, while the sign of

m(35φ2
t − 12φtv

2 + v4) is uncertain, f̂TD
1 is not necessarily always positive.

Solving DD̄T
e =

φt

(
m(7φt−v2)(−1+λ)+2f(φt(13−7λ2)+v2(−2+λ2))ρ

)
(7φt−v2)

(
−v2(−2+λ2)+φt(−12+7λ2)

) > 0 yields the threshold for positive

EW demand:

f̂TD
2 =

m(7φt − v2)(−1 + λ)

2
(
−v2(−2 + λ2) + φt(−13 + 7λ2)

)
ρ

(94)

When f < f̂TD
2 , we have DD̄T

e > 0. When v2 < 6φt and (12− 7λ2)φt + v2(−2 + λ2) > 0, it follows that

f̂TD
2 − f̂TD

1 =
m(−7φt+v2)2(−1+λ)

(
−v2(−2+λ2)+φt(−12+7λ2)

)
2φt

(
−v2(−2+λ2)+φt(−13+7λ2)

)(
v2(3−2λ2)+φt(−19+14λ2)

)
ρ
> 0. The analysis under agency en-

croachment is analogous and is therefore omitted for brevity. In addition, it can be shown that f̂N
2 −f̂TN

2 =
m(v2φ−φt(v

2+3φ))
2(13φt−2v2)ρ(2v2−7φ) > 0, f̂N

1 − f̂TN
1 =

35mφ2
t−12mφtv

2+mv4

38φ2
tρ−6φtv2ρ

+ mv4−6mv2φ+8mφ2

6v2ρφ−20ρφ2 > 0, f̂D
2 − f̂TD

2 =

m(−1+λ)(−v2φ+φt(v
2+3φ))

2
(
−v2(−2+λ2)+φt(−13+7λ2)

)
ρ
(
v2(−2+λ2)+(7−4λ2)φ

) > 0, and f̂D
1 − f̂TD

1 = m(1−λ)(v2−4φ)(v2−2φ)

2ρφ
(
v2(3−2λ2)+2(−5+4λ2)φ

) +

m(35φ2
t−12φtv

2+v4)(−1+λ)

2φt

(
v2(3−2λ2)+φt(−19+14λ2)

)
ρ
> 0.

Proof of Proposition 14 The case without supplier encroachment. Comparing the equilibrium EW

prices in the two models yields pN̄T
e − pN̄e = 1

4

(
5mφt(7φt−v2)+2f(19φ2

t−16φtv
2+2v4)ρ

42φ2
t−13φtv2+v4 + −3mv2+8mφ+2fρφ

v2−3φ

)
.

When f < f̂l1, we have pN̄T
e > pN̄e , where

f̂l1 =
m(7φt − v2)(13φtv

2 − 3v4 − 33φtφ+ 8v2φ)

2ρ (19φ2
t v

2 − 16φtv4 + 2v6 − 5(3φ2
t − 7φtv2 + v4)φ)

(95)

Comparing the equilibrium EW periods in the two models yields

T N̄T
e −T N̄

e = 1
4v
(
m
(

1
6φt−v2 + 1

v2−3φ

)
+ 2fρ

(
1

−7φt+v2 + 1
−6φt+v2 + 1

−v2+3φ + 1
−v2+4φ

))
. When f <

f̂l2, we have T N̄T
e > T N̄

e , where

f̂l2 =
3m(7φt − v2)(v2 − 4φ)(2φt − φ)

2ρ (42φ2
t (2v

2 − 7φ) + v2(7v2 − 24φ)φ− 13φt(v4 − 12φ2))
(96)

The case with supplier direct encroachment. Comparing the equilibrium EW prices in the two models
yields

pD̄T
e − pD̄e =

5mφt(7φt − v2)(−1 + λ) + 2f
(
φtv

2(16− 9λ2) + v4(−2 + λ2) + φ2
t (−19 + 14λ2)

)
ρ

2(7φt − v2)
(
−v2(−2 + λ2) + φt(−12 + 7λ2)

)
+

m(−1 + λ)(v2 − 4φ)φ+ fρ
(
−v4(−2 + λ2) + 2v2(−5 + 3λ2)φ+ 2(5− 4λ2)φ2

)
(v2 − 4φ)

(
v2(−2 + λ2) + (6− 4λ2)φ

) .

(97)
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When f < f̂l3, we have pD̄T
e > pD̄e , where

f̂l3 =
−m(7φt − v2)(−1 + λ)

(
5φtv

2(−2 + λ2)− 2v2(−2 + λ2)φ− 6φt(−1 + λ2)φ
)

2
(
φtv2(16− 9λ2) + v4(−2 + λ2) + φ2

t (−19 + 14λ2)
)
ρ
(
v2(−2 + λ2) + (6− 4λ2)φ

) (98)

Comparing the equilibrium EW periods in the two models yields

T D̄T
e − T D̄

e = 1
2v

(
m(7φt−v2)(−1+λ)+2f

(
φt(13−7λ2)+v2(−2+λ2)

)
ρ

(7φt−v2)
(
−v2(−2+λ2)+φt(−12+7λ2)

) − fρ
v2−4φ + m(−1+λ)−f(−2+λ2)ρ

v2(−2+λ2)+(6−4λ2)φ

)
. When

f < f̂l4, we have T D̄T
e > T D̄

e , where

f̂l4 =
m(7φt − v2)(−1 + λ)

(
φt(−12 + 7λ2) + (6− 4λ2)φ

)
2
(
−v2(−2 + λ2) + φt(−13 + 7λ2)

)
ρ
(
v2(−2 + λ2) + (6− 4λ2)φ

) (99)

The case without supplier encroachment. We have

DN̄T
e −DN̄

e = 1
2

(
φt(7mφt−mv2−26fφtρ+4fv2ρ)

42φ2
t−13φtv2+v4 +

φ
(
m(v2−4φ)+2fρ(−2v2+7φ)

)
(v2−4φ)(v2−3φ)

)
. When f < f̂l5, we have

DN̄T
e > DN̄

e . Since f̂l5 > f̂N
2 , it follows that DN̄T

e > DN̄
e always holds, where

f̂l5 =
m(7φt − v2)(v2 − 4φ)

2ρ(13φtv2 − 2v4 − 46φtφ+ 7v2φ)
(100)

The case with supplier direct encroachment. We have

DD̄T
e −DD̄

e =
φt

(
m(7φt−v2)(−1+λ)+2f(φt(13−7λ2)+v2(−2+λ2))ρ

)
(7φt−v2)

(
−v2(−2+λ2)+φt(−12+7λ2)

) +
φ
(
m(−1+λ)(v2−4φ)−2fρ(v2(−2+λ2)+(7−4λ2)φ)

)
(v2−4φ)

(
v2(−2+λ2)+(6−4λ2)φ

) .

When f < f̂l6, we have DD̄T
e > DD̄

e . Since f̂l6 > f̂D
2 , it follows that DD̄T

e > DD̄
e always holds, where

f̂l6 =
m(7φt − v2)(−1 + λ)(−2 + λ2)(v2 − 4φ)

−2v2(−2 + λ2)ρ
(
v2(−2 + λ2) + (7− 4λ2)φ

)
+ 2φtρ

(
v2(26− 27λ2 + 7λ4) + (−92 + 101λ2 − 28λ4)φ

)
(101)

Proof of Proposition 15 These results can be obtained from Derivation of Critical Thresholds of
outsourced EW.

Proof of Proposition 16 In the parameter region where both self-operated EW service and outsourced
EW service improve the platform’s profit, the platform’s optimal EW mode is determined by comparing
πN̄
P with πN̄T

P (or πD̄
P with πD̄T

P ).

The case in which the supplier does not encroach. Let πN̄
P = πN̄T

P . Then, when φ̂N1 < φ < v2φt

v2−3φt
,

the threshold f̂R1 exists. In this case, we have f̂TN
1 < f̂N

1 and f̂TN
2 < f̂N

2 .

When f < f̂TN
1 or f > f̂N

2 , we have πN̄
P < πN

P , πN̄T
P < πN

P .

When f̂N
1 < f < f̂N

2 , we have πN̄
P > πN

P . Moreover, when φ < φ̂N1, we have πN̄
P > πN̄T

P , and when

φ̂N1 < φ < v2φt

v2−3φt
, f > f̂R1, we have πN̄T

P < πN̄
P .

When f̂TN
1 < f < f̂TN

2 , we have πN̄T
P > πN

P . Further, when φ̂N1 < φ < v2φt

v2−3φt
, f < f̂R1, or

φ > v2φt

v2−3φt
, we have πN̄T

P > πN̄
P . The expression of φ̂N1 is given by

φ̂N1 =
v2(45− v4)

−639 + 369v2 − 61v4 + 3v6
(102)

The case with supplier direct encroachment. Let πD̄
P = πD̄T

P . Then, when φ̂D1 < φ < v2φt

v2−3φt
, the

threshold f̂R2 exists. In this case, we have f̂TD
1 < f̂D

1 and f̂TD
2 < f̂D

2 .

When f < f̂TD
1 or f > f̂D

2 , we have πD̄
P < πD

P , πD̄T
P < πD

P .

When f̂D
1 < f < f̂D

2 , we have πD̄
P > πD

P . In this case, when φ < φ̂D1, we have πD̄T
P < πD̄

P , and when

φ̂D1 < φ < v2φt

v2−3φt
, f > f̂R2, we have πD̄T

P < πD̄
P .

When f̂TD
1 < f < f̂TD

2 , we have πD̄T
P > πD

P . Moreover, when φ̂D1 < φ < v2φt

v2−3φt
, f < f̂R2, or

φ > v2φt

v2−3φt
, we have πD̄T

P > πD̄
P . The expression of φ̂D1 is given by

φ̂D1 =
v2
(
504− 369v2 + 64v4 − 3v6 − 14(−7 + v2)(−3 + v2)λ2 + (−7 + v2)2(1 + v2)λ4

)
−

√
H1

2(−3 + v2) (−639 + 156v2 − 9v4 − 24(−7 + v2)λ2 + 4(−7 + v2)2λ4)
(103)
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where

H1 = v4
(
(774− 369v2 + 58v4 − 3v6)2

+ 4(−7 + v2)(−6 + v2)(−3 + v2)(129− 40v2 + 3v4)λ2

− 2(−7 + v2)2(4392− 2697v2 + 645v4 − 71v6 + 3v8)λ4

+ 4(−7 + v2)4(−3 + v2)λ6 + (−7 + v2)6λ8
)
.

(104)

The case with supplier agency encroachment. Let πĀ
P = πĀT

P . Then, when φ̂A1 < φ < v2φt

v2−3φt
, the

threshold f̂R2 exists. In this case, we have f̂TA
1 < f̂A

1 and f̂TA
2 < f̂A

2 .

When f < f̂TA
1 or f > f̂A

2 , we have πĀ
P < πA

P , πĀT
P < πA

P .

When f̂A
1 < f < f̂A

2 , we have πĀ
P > πA

P . In this case, when φ < φ̂A1, we have πĀT
P < πĀ

P , and when

φ̂A1 < φ < v2φt

v2−3φt
, f > f̂R2, we have πĀT

P < πĀ
P .

When f̂TA
1 < f < f̂TA

2 , we have πĀT
P > πA

P . Moreover, when φ̂A1 < φ < v2φt

v2−3φt
, f < f̂R3, or

φ > v2φt

v2−3φt
, we have πĀT

P > πĀ
P .
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