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Supplementary

A. Appendix

A.1. Proof of Lemma 1

Proof. By applying backward induction method, the dealer maximizes his profit with the selling price

pCF
i j =

A j + (1 + rCF
i j )wCF

i j α

2α
.

The manufacturer maximizes her profit by choosing

wCF∗
i j =

Ai + cα(1 + rF
i )

2(1 + rF
i )α

,

Substituting wCF∗
i j back into the dealer’s best response function pCF

i j , we derive the equilibrium selling
price

pCF∗
i j =

3A j + c(1 + rF
i )α

4α
.

Suppose rCF
i j is an exogenous variable; the firms’ profits are given by:

Π(wCF∗
i j ) =

[Ai − c(1 + rCF
i j )α]2

8(1 + rCF
i j )α

,
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π(pCF∗
i j ) = BrCF

i j +
(A j − c(1 + rCF

i j )α)2

16
.

�

A.2. Proof of Lemma 2

Proof. Using the backward induction method, the dealer maximizes his profit with the selling price:

pT F
i j =

A j + (1 + rT F
i j )wT F

i j α

2α
.

The manufacturer maximizes her profit by choosing

wT F
i j =

Ai + cα

2(1 + r̄F
i )α

.

Substituting wT F
i j back to the profit formula of the manufacturer, we derive the first-order derivative

concerning interest rate rT F
i j , which is non-positive for all feasible interest rate r̄F

i . Therefore, the optimal
interest rate is

rT F∗
i j = 0.

Accordingly, the manufacturer sets wholesale price at:

wT F∗
i j =

Ai + cα
2α

,

and the dealer’s selling price is:

pT F∗
i j =

1
4

(
c +

3A j

α

)
.

The profits are:

π(pT F∗
i j ) =

(A j − cα)2

16α
, Π(wT F

i j , r
T F∗
i j ) =

(Ai − cα)2

8α
.

�

A.3. Proof of Proposition 1

Proof. The low-demand manufacturer’s price under symmetric information varies depending on the
type of contracts. In the wholesale price contract, the price is denoted as wCF∗

i j , while in the trade credit
contract, the price is represented by wT F∗

i j . We have:

wCF∗
i j < wT F∗

i j .

The dealer’s unit cost differs based on the financing method under symmetric information. When
using bank financing, the unit cost is calculated as wCF∗

i j (1 + rCF
i j ). In contrast, under seller financing, the

unit cost is wT F∗
i j . We have:

wCF∗
i j (1 + rCF

i j ) > wT F∗
i j .

The dealer’s selling price differs based on the financing method under symmetric information. When
using bank financing, the selling price is pCF∗

i j . In contrast, under seller financing, the selling price is
pT F∗

i j . We have:
pCF∗

i j > pT F∗
i j .

�
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A.4. Proof of Proposition2

Proof. The low-demand manufacturer’s profit under symmetric information varies depending on the
type of contracts. In the wholesale price contract, the profit is denoted as Π(wCF∗

i j ), while in the trade
credit contract, the profit is represented by Π(wT F

i j , r
T F∗
i j ). We have:

Π(wT F
i j , r

T F∗
i j ) > Π(wCF∗

i j ).

The dealer’s profit differs based on the financing method under symmetric information. When using
bank financing, the profit is πr(pCF∗

i j ). In contrast, under seller financing, the profit is πr(pT F∗
i j ). When

B > 1
16c[2AL − c(2 + rCF

i j )α], we have:

π(pCF∗
i j ) > π(pT F∗

i j ).

�

A.5. Proof of Proposition3

Proof. To satisfy constraint Π(wCS
LL ) ≥ Πm(wCF∗

LH ), we need:

−AH + 2AL + cα(1 + rCF
i j )

2α(1 + rCF
i j )

< wCS
LL <

AH + cα(1 + rCF
i j )

2α(1 + rCF
i j )

.

The Lagrangian function of the above nonlinear programming problem can be constructed as follows:

H(wCS
LL , λ) = max

wCS
LL

(wCS
LL − c)(AL − αpCS

LL ) − λ

(wCS
LL − c)(AH − αpCS

LL ) −
(AH − c(1 + rCF

i j )α)2

8(1 + rCF
i j )α

 .
The KKT conditions of the Lagrange function are:

∂H(wCS
LL , λ)

∂wS
L

≤ 0; wS
L

∂H(wCS
LL , λ)

∂wS
L

= 0;
∂H(wCS

LL , λ)
∂λ

≥ 0; λ
∂H(wCS

LL , λ)
∂λ

= 0.

where wCS
LL > 0, λ ≥ 0.

If λ = 0, we have:
∂H(wCS

LL , λ)
∂wS

L

= 0, the manufacturer sets wholesale price at wCS
1 =

AL + cα(1 + rCF
i j )

2(1 + rCF
i j )α

, substituting wCS
1 back to the constraint Πm(wCS

LL ) ≥ Πm(wCF∗
LH ), then we derive: φ ≥ 3.

If λ > 0, we have:
∂H(wCS

LL , λ)
∂λ

= 0, the manufacturer’s optimal wholesale price

wCS ∗
LL =

A2
H + 6AHc(1 + rCF

i j )α − c(1 + rCF
i j )α[6AL + c(1 + rCF

i j )α]

2(1 + rCF
i j )α[4AH − 3AL − c(1 + rCF

i j )α]
.

The manufacturer can intuitively set

wCS ∗
LL =

A2
H + 6AHc(1 + rCF

i j )α − c(1 + rCF
i j )α[6AL + c(1 + rCF

i j )α]

2(1 + rCF
i j )α[4AH − 3AL − c(1 + rCF

i j )α]
,
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and the constraint is obviously satisfied, where 1 < φ < 3, that is, the relative variation in demand is
small.

Therefore, the dealer’s optimal selling price is:

pCS ∗
LL =

−A2
H − 8AHAL + 6A2

L − 6AHc(1 + rCF
i j )α + 8ALc(1 + rCF

i j )α + c2(1 + rCF
i j )2α2

4α[−4AH + 3AL + c(1 + rCF
i j )α]

.

�

A.6. Proof of Proposition4

Proof. The Lagrangian function of the above nonlinear programming problem can be constructed as
follows:

H(wTS
LL , r

TS
LL , λ) = max

wTS
LL ,r

TS
LL

(wTS
LL−c)q+rTS

LL (q−B)−λ
[
(wTS

LL − c)(AH − αpTS
LL ) + rTS

LL
(
(AH − αpTS

LL ) − B
)
−

(AH − cα)2

8α

]
.

The KKT conditions of the Lagrange function are:

∂H(wTS
LL , r

TS
LL , λ)

∂wTS
LL

≤ 0; wS
L

∂H(wTS
LL , r

TS
LL , λ)

∂wTS
LL

= 0;

∂H(wTS
LL , r

TS
LL , λ)

∂rTS
LL

≤ 0; rTS
LL

∂H(wTS
LL , r

TS
LL , λ)

∂rTS
LL

= 0;

∂H(wTS
LL , r

TS
LL , λ)

∂λ
≥ 0; λ

∂H(wTS
LL , r

TS
LL , λ)

∂λ
= 0.

where w̄S
L > 0, rTS

LL > 0, λ ≥ 0.
If λ = 0, we have:

∂H(wTS
LL , r

TS
LL , λ)

∂ ¯wTS
LL

= 0 and
∂H(wTS

LL , r
TS
LL , λ)

∂rTS
LL

= 0,

the manufacturer’s optimal wholesale price wTS
1 =

AL + cα
2α

and rTS
1 = 0, substituting wTS

LL back to the

constraint Πm(wTS
LL , r

TS
LL ) ≥ Πm(wT F∗

LH , rT F∗
LH ), then we derive: τ ≥ 3.

If λ > 0, we have:
∂H(wTS

LL , r
TS
LL , λ)

∂λ
= 0,

the manufacturer’s optimal wholesale price

wTS ∗
LL =

4B(AL + cα)
8Bα − (AH − AL)(AH − 3AL + 2cα)

,

and

rTS ∗
LL =

−A2
H + 4AHAL − 3A2

L − 2AHcα + 2ALcα
8Bα

.
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The manufacturer can intuitively set

wTS ∗
LL =

4B(AL + cα)
8Bα − (AH − AL)(AH − 3AL + 2cα)

,

and

rTS ∗
LL =

−A2
H + 4AHAL − 3A2

L − 2AHcα + 2ALcα
8Bα

,

and the constraint is obviously satisfied, where 1 < τ < 3, that is, the relative variation in demand is
small. �

A.7. Proof of Proposition5

Proof. The low-demand manufacturer’s price under asymmetric information varies depending on the
type of contracts. In the wholesale price contract, the price is denoted as wCS ∗

LL , while in the trade credit

contract, the price is represented by wTS ∗
LL . We let r∗ =

9(AH − AL)
7AL − AH

. When r∗ < rCF
i j < 1 and 0 < B < T ,

where

T =
(AH − AL)(AH − 3AL + 2cα){A2

H + 6AHc(1 + rF
i )α − c(1 + rF

i )α[6AL + c(1 + r)α]}
8α[A2

H − 2AH(1 + rF
i )(2AL − cα) + AL(1 + rF

i )(3AL + c(−2 + rF
i )α)]

,

we have:
wCS ∗

LL > wTS ∗
LL .

The dealer’s unit cost differs based on the financing method under asymmetric information. When
using bank financing, the unit cost is calculated as wCS ∗

LL (1 + rCF
i j ). In contrast, under seller financing, the

unit cost is wTS ∗
LL (1 + rTS ∗

LL ). When r∗ < rCF
i j < 1, we have:

wCS ∗
LL (1 + rCF

i j ) > wTS ∗
LL (1 + rTS ∗

LL ).

The dealer’s selling price differs based on the financing method under symmetric information. When
using bank financing, the selling price is pCS ∗

LL . In contrast, under seller financing, the selling price is
pTS ∗

LL . When r∗ < rCF
i j < 1, we have:

pCS ∗
LL > pTS ∗

LL .

�

A.8. Proof of Proposition6

Proof. The low-demand manufacturer’s profit under asymmetric information varies depending on the
type of contracts. In the wholesale price contract, the profit is denoted as Π(wCS ∗

LL , rCF
i j ), while in the

trade credit contract, the profit is represented by Π(wTS ∗
LL , rTS ∗

LL ). When r∗ < rCF
i j < 1, we have:

Π(wTS ∗
LL , rTS ∗

LL ) > Π(wCS ∗
LL , rCF

i j ).

The dealer’s profit differs based on the financing method under symmetric information. When using
bank financing, the profit is π(pCS ∗

LL ). In contrast, under seller financing, the profit is π(pTS ∗
LL ).
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When 16
9 r∗ < rCF

i j < 1 and B > G, where

G =
K

16rCF
i j α

[
−4AH + 3AL + c(1 + rCF

i j )α
]2

− 2A2
H

[
183A2

L − 2ALc(39 + 7rCF
i j )α + 2c2(−3 + 10rCF

i j + 9(rCF
i j )2)α2

]
+ 4AHQ − S ,

where

K = −33A4
H + A3

L
(
18c(2 + rCF

i j )α − 81AL
)

− α2
(
3A2

Lc2(−4 + 2rCF
i j + 3(rCF

i j )2) − 2ALc3rCF
i j

(
7 + 11rCF

i j + 4(rCF
i j )2)α);

S = c4rCF
i j (1 + rCF

i j )2(2 + rCF
i j )α4 + 4A3

H
(
48AL + c(−15 + rCF

i j )α
)
;

Q = 72A3
L − 3A2

Lc(11 + 4rCF
i j )α + 2ALc2(−3 + 5rCF

i j + 5(rCF
i j )2)α2 + c3rCF

i j
(
5 + 8rCF

i j + 3(rCF
i j )2)α3.

We have:
π(pCS ∗

LL ) > π(pTS ∗
LL ).

�

A.9. Proof of Proposition7

Proof. In the trade credit contracts (wTS ∗
LL , rTS ∗

LL ), the low-demand manufacturer’s profit is Π(wTS ∗
LL , rTS ∗

LL )
under separating equilibrium. When comparing this profit to the scenario under symmetric information,
we observe that Π(wTS ∗

LL , rTS ∗
LL ) − Π(wT F∗

LL , rT F∗
LL ) < 0.

In the trade credit contracts (wTS ∗
LL , rTS ∗

LL ), the dealer’s profit is π(pTS ∗
LL ) under separating equilibrium.

When comparing this profit to the scenario under symmetric information, we observe that π(pT F∗
LL ) −

π(pTS ∗
LL ) > 0.

�
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