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Mo3va3on	
•  As	business	expands	(e.g.,	globalizaCon),	
working	capital	is	Cght	within	its	supply	chains	

•  Financial	insCtutes	use	Supply	Chain	Finance	
(SCF)	to	provide	short-term	credit	to	opCmize	
working	capital	for	both	seller	and	buyer	

•  In	the	US,	SCF	is	defined	as	Reverse	Factoring	
–  Buyer	(with	beNer	credit	raCng)	helps	seller	to	obtain	
cheaper	finance	than	under	factoring—seller	sells	its	
receivables			

•  In	China,	SCF	also	includes	Inventory	Finance		
–  Seller	(with	beNer	credit	raCng)	helps	buyer	to	obtain	
(cheaper)	finance	by	commiPng	to	buyback	excess	
inventory		
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Prac3ce	Example	

•  A	Chinese	commercial	bank	provides	Difference	
Repurchase	(DR)	contract	to	car	dealers	with	car	
maker	buys	back	unsold	cars	(difference)	at	Cme	
T,	where	[0,T]	is	the	sales	period		
1.  Dealer	sets	order	quanCty	and	pays	deposit	to	the	

bank,	usually	30-40%	of	total	cost	(at	Cme	0)	
2.  Bank	issues	commercial	dra\	to	car	maker	with	

maturity	Cme	T	(at	Cme	0)	
3.  Car	maker	sends	cars	to	the	dealer	and	cerCficates	

to	the	bank	(at	Cme	0)	
4.  Dealer	redeems	cerCficates	a\er	sales	during	(0,T)	
5.  Car	maker	buys	back	unsold	cars	and	collects	

money	from	bank	(at	Cme	T)		
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An	Example	(wholesale	price=$10k,		retail	
price=$15k,	dealer’s	iniCal	wealth=$200k)	

•  Trade	credit	
–  Car	maker	sends	100	cars	(of	

cost	$1M)	to	a	dealer		
–  Dealer	sells	for	a	month	
–  If	100	sold		

•  Dealer	earns	$500k	profit,	pays	
car	maker	in	full		

•  Car	maker	receives	$1M	
–  If	30	sold		

•  Dealer	earns	0,	pays	$450k+200k	
(<	$1M)	

•  Car	maker	receives	$650k		

•  DR	(SCF)	
–  Dealer	pays	30%	deposit	of	

$300k,	bank	issues	car	maker	
commercial	dra\	of	$1M		

–  Car	maker	sends	100	cars	to	
dealer	and	the	car	cerCficates	
to	bank	

–  If	100	sold		
•  Dealer	earns	$500k	profit,	pays	

bank	$700k	(in	addiCon	to	
deposit)	

•  Car	maker	receives	$1M	
–  If	30	sold	

•  Dealer	earns	$150k	profit,	pays	
bank	0	

•  Car	maker	buys	back	70	unsold	
and	pays	$700k	to	bank,	
receiving	$300k	net			



Research	Ques3on	

•  It’s	known	SCF	provides	unique	financial	
benefits	to	core	enterprises	in	supply	chains	
–  Improved	on-book	financial	performances	and	
affordable	finance	to	their	small	supply	chain	
partners	(upstream	and	downstream)	

•  Any	operaConal	benefits?	Earn	more	profit?		
•  How	should	supplier	choose	financing	
schemes,	internal	finance	(trade	credit)	or	
SCF?		
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Single-Period	Model	I:	Trade	Credit	

•  1-supplier	(big,	principle)	and	1-retailer	(small	and	
capital	constrained,	agent)		

•  Supplier:	sets	wholesale	price	wt	(paid	at	the	end)	
•  Retailer:	set	order	quanCty	q,	responding	to	wt	

–  IniCal	wealth	η
–  Face	uncertain	demand	D		
–  Sell	at	unit	price	p	(sales	volume=min{D,q})	
–  Holding	cost	and	salvage	value	are	assumed	0	
–  Payment	of	wtq	with	probability	β		(assumed	binary,	pay	
or	no	pay,	independent	of	its	revenue	earned)	
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Model	I:	Trade	Credit	

Facing the wholesale price, wt(< p), the retailer maximizes its NPV of expected profit:

max
q�0

⇡r(q|wt) =
1

1 + rr
{pE[D ^ q]� �E [wtq ^ (⌘(1 + rr) + pD)]} . (2)

Let dt :=
wtq�⌘(1+rr)

p (< q) represent the minimum demand required to pay the supplier in full under

trade credit. Thus F̄ (dt) represents the probability of retailer being able to make full payment or

the probability of retailer not default. Using dt, we can then rewrite the retailer’s profit function

as

⇡r(q, dt|wt) =
1

1 + rr

⇢

p

Z q

0
F̄ (x)dx� �



⌘(1 + rr)F (dt) + p

Z dt

0
xdF (x) + wtqF̄ (dt)

��

=
1

1 + rr

⇢

p

Z q

0
F̄ (x)dx� �



⌘(1 + rr) + p

Z dt

0
F̄ (x)dx

��

(3)

Di↵erentiating ⇡r(q, dt|wt) with respect to q, we obtain

d

dq

⇡r(q, dt|wt) =
@

@q

⇡r(q, dt) +
@

@dt
⇡r(q, dt)

@dt

@q

=
1

1 + rr

�

pF̄ (q)� �wtF̄ (dt)
 

(using the definition of dt). (4)

Proposition 1 If D has Increasing Failure Rate (IFR), the retailer’s optimal order quantity,

q

⇤(wt), is unique and satisfies pF̄ (q⇤(wt)) = �wtF̄ (y⇤(wt)), where y

⇤(wt) =
wtq⇤(wt)�⌘(1+rr)

p . q

⇤(wt)

decreases in probability of payment �, and may increase in the wholesale price, wt.

Since the retailer pays the supplier with probability �, its unit cost increases in � and thus its

order quantity q

⇤(wt) decreases in �. It is interesting to note that q⇤(wt) di↵ers significantly from

the standard newsvendor solution. First, a close examination of q⇤(wt)’s expression reveals that

the overage cost is �wtF̄ (y⇤(wt)), which represents the expected payment per unit if not default.

Unlike in a typical newsvendor solution, the overage cost here is a function of the order quantity

and also a decreasing function. This means the retailer with a higher order quantity is less afraid

of overstocking. Second, we di↵erentiate the first order condition with respect to wt and obtain

�pf(q⇤(wt))
dq

⇤(wt)

dwt
= �F̄ (y⇤(wt))� �wtf(y

⇤(wt))

✓

q

⇤(wt)

p

+
wt

p

dq

⇤(wt)

dwt

◆

) dq

⇤(wt)

dwt
=

�

⇣

F̄ (y⇤(wt))� wtq⇤(wt)
p f(y⇤(wt))

⌘

�w2
t

p f(y⇤(wt))� pf(q⇤(wt))
, (5)

4
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cost is sort of a weighted average of the two costs, where the weight is the probability/likelihood

of paying the respective cost. When the retailer’s initial wealth ⌘ is smaller or/and the wholesale

price wt is higher, the retailer is more likely to default and pay the fixed cost (i.e., the fixed cost has

a higher weight in the expected cost). When ⌘ = 100, when wt is low (i.e., wt 2 (2, 6.5), the linear

cost dominates and thus the retailer orders less as wt increases; when wt is high (i.e., wt 2 (6.5, 10),

the fixed cost dominates and is more dominating as wt increases, and thus the retailer orders more

as wt increases.

Corollary 3 sgn

⇣

dq⇤(wt)
d�

⌘

= sgn

⇣

dq⇤(wt)
d⌘

⌘

. In other words, the payment probability, �, and the

initial wealth level, ⌘, always have the same type of e↵ect (positive or negative) on the retailer’s

optimal order quantity, q

⇤(wt).

Proof: Di↵erentiating both sides of pF̄ (q⇤(wt)) = �wtF̄ (y⇤(wt)) with respect to �, we obtain

dq⇤(wt)
d� = wtF̄ (y⇤(wt))

�w2
t /pf(y

⇤(wt))�pf(q⇤(wt))
. Similarly we have dq⇤(wt)

d⌘ = �wtf(y⇤(wt))(1+rr)/p
�w2

t /pf(y
⇤(wt))�pf(q⇤(wt))

. Simple

comparison shows that sgn
⇣

dq⇤(wt)
d�

⌘

= sgn
⇣

dq⇤(wt)
d⌘

⌘

.

This result means that if wealthier retailers order more, more reliable retailers should also

order more, or wealth and honesty (reliability) should result in a same ordering behavior. This is

reasonable because both wealth and honesty (reliability) drive up the retailer’s actual ordering cost

incurred, while not a↵ecting the retailer’s revenue.

3.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wt) (together with y

⇤(wt)), the supplier

chooses wt to maximize its own NPV of expected profit. Note that for each unit sold, the supplier

pays c and receives wt
1+rs

or less from the retailer with probability �. For the same unit, the retailer

in turn earns at most p. Thus the supplier should set wt in between c(1+rs)
� and p.

max
wt2( c(1+rs)

� ,p)
⇡s(wt) =

�

1 + rs

"

⌘(1 + rr) + p

Z d⇤t (wt)

0
F̄ (x)dx

#

� cq

⇤(wt). (6)

Noting that y⇤(wt) is a function of both wt and q

⇤(wt), we di↵erentiate ⇡s(wt) with respect to wt.

⇡

0
s(wt) =

1

1 + rs

⇢

�q

⇤(wt)F̄ (y⇤(wt)) + (�wtF̄ (y⇤(wt))� c(1 + rs))
dq

⇤(wt)

dwt

�

, (7)

where dq⇤(wt)
dwt

is given by (5).
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Step	1:	Retailer	sets	opCmal	order	quanCty	q*(wt)	

Step	2:	Supplier	sets	opCmal	w*t,	knowing	retailer’s	q*(wt)	

cost is sort of a weighted average of the two costs, where the weight is the probability/likelihood

of paying the respective cost. When the retailer’s initial wealth ⌘ is smaller or/and the wholesale

price wt is higher, the retailer is more likely to default and pay the fixed cost (i.e., the fixed cost has

a higher weight in the expected cost). When ⌘ = 100, when wt is low (i.e., wt 2 (2, 6.5), the linear

cost dominates and thus the retailer orders less as wt increases; when wt is high (i.e., wt 2 (6.5, 10),

the fixed cost dominates and is more dominating as wt increases, and thus the retailer orders more

as wt increases.

Corollary 3 sgn

⇣

dq⇤(wt)
d�

⌘

= sgn

⇣

dq⇤(wt)
d⌘

⌘

. In other words, the payment probability, �, and the

initial wealth level, ⌘, always have the same type of e↵ect (positive or negative) on the retailer’s

optimal order quantity, q

⇤(wt).

Proof: Di↵erentiating both sides of pF̄ (q⇤(wt)) = �wtF̄ (y⇤(wt)) with respect to �, we obtain

dq⇤(wt)
d� = wtF̄ (y⇤(wt))

�w2
t /pf(y

⇤(wt))�pf(q⇤(wt))
. Similarly we have dq⇤(wt)

d⌘ = �wtf(y⇤(wt))(1+rr)/p
�w2

t /pf(y
⇤(wt))�pf(q⇤(wt))

. Simple

comparison shows that sgn
⇣

dq⇤(wt)
d�

⌘

= sgn
⇣

dq⇤(wt)
d⌘

⌘

.

This result means that if wealthier retailers order more, more reliable retailers should also

order more, or wealth and honesty (reliability) should result in a same ordering behavior. This is

reasonable because both wealth and honesty (reliability) drive up the retailer’s actual ordering cost

incurred, while not a↵ecting the retailer’s revenue.

3.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wt) (together with y

⇤(wt)), the supplier

chooses wt to maximize its own NPV of expected profit. Note that for each unit sold, the supplier

pays c and receives wt
1+rs

or less from the retailer with probability �. For the same unit, the retailer

in turn earns at most p. Thus the supplier should set wt in between c(1+rs)
� and p.

max
wt2( c(1+rs)

� ,p)
⇡s(wt) =

�

1 + rs

"

⌘(1 + rr) + p

Z d⇤t (wt)

0
F̄ (x)dx

#

� cq

⇤(wt). (6)

Thus we have the supply chain’s profit, evaluated at the end of the period, written as

⇡c = ⇡r + ⇡s = pE[D ^ q]� c(1 + rs)q. (7)

Noting that d⇤t (wt) is a function of both wt and q

⇤(wt), we di↵erentiate ⇡s(wt) with respect to

6

Supply	chain’s	profit	evaluated	at	Cme	T	(rather	than	Cme	0)	is:		



Model	II:	SCF	(DR)	

•  1-supplier	(big,	principle),	1-retailer	(small	and	
capital	constrained,	agent),	and	1	bank	

•  Bank:	requires	deposit	of	αwdq	from	retailer	
•  Supplier:	sets	wholesale	price	wd	(paid	by	bank)	

–  Payment	of	wd(q-S)	to	bank
•  Retailer:	set	order	quanCty	q,	responding	to	wd	

–  IniCal	wealth	η (must	be	enough	to	pay	deposit	αwdq)
–  Face	uncertain	demand	D		
–  Sell	at	unit	price	p	(sales	volume	S=min{D,q})	
–  Payment	of	wdS

9	



Model	II:	DR	
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Step	1:	Retailer	sets	opCmal	order	quanCty	q*(wd)	

Step	2:	Supplier	sets	opCmal	w*d,	knowing	retailer’s	q*(wd)	

4 SCF: Di↵erence Repurchase

Under the di↵erence repurchase (DR) financing scheme, a bank issues the supplier a commercial-

accepted-draft (CAD) on behalf of the retailer due at the end of the selling period. The retailer,

in turn, is required to pay a certain amount of deposit to the bank upfront and then redeem goods

with cash from the bank during the selling season. To hedge the risk, the bank requires the supplier

to repurchase (buyback) any unredeemed goods at the original price (or the market price at the

due date, depending on the supplier’s bargaining power).

Similar to the trade credit scheme, we use Stackelberg game to model the decision making

process between the supplier and the retailer under di↵erence repurchase (DR). As the leader, the

supplier sets the wholesale price wd that will be paid at the end of the period, say 30 days after the

purchase, where the subscript d denotes DR scheme. Note that wd should be set below p so that

the retailer will purchase. The retailer (the follower), in turn, determines its order quantity, q � 0.

During the selling season, the retailer will pay to the bank to redeem the sales amount D ^ q. At

the end of the period, the supplier will buyback the inventory di↵erence (q�D ^ q = (q�D)+) at

the original unit price wd (or the market unit price then).

Note that the bank also needs to decide the deposit amount, denoted by ↵wdq, ↵ 2 (0, 1),

for the retailer to hedge its risk of not having enough repurchase payment from the supplier. In

practice, the deposit rate ↵ is normally set around 30% � 40% (Zhejiang Commercial Bank uses

30% and Ping An Bank uses 40%). Moreover, unlike firms, banks’ objective is to obtain stable

deposit and clients with excellent credit ratings, who in our model is the supplier. Therefore, we

assume that the deposit rate is the market rate (exogenously given). In a later section, we will

relax this assumption and consider the case that the deposit rate is set together with the supplier.

4.1 Retailer’s Problem

We start with the retailer’s problem. Since the retailer must pay deposit to the bank (↵wdq) using

its initial wealth (⌘), the retailer has to order within its budget (q  ⌘
↵wd

). Note that for this

required deposit, the retailer will only receive the risk-free interest rate (rf ) from the bank, which

is lower than its cost of capital (rr). Facing wholesale price wd(< p), the retailer maximizes its

NPV of expected profit:

max
q ⌘

↵wd

⇡r(q|wd) =
1

1 + rr
{(p� wd)E[D ^ q] + ↵wdq(1 + rf )}� ↵wdq. (9)

10

We can show that ⇡r(q|wd) is a concave function and thus obtain the optimal order quantity q

⇤(wd).

Proposition 3 The retailer’s optimal order quantity q

⇤(wd) =
h

F̄

�1
⇣

↵wd(rr�rf )
p�wd

⌘

^ ⌘
↵wd

i

1{wd<
p

1+↵(rr�rf )}
,

which decreases in the wholesale price wd and bank required deposit rate ↵, but increases in its initial

wealth ⌘.

Di↵erently than under TC scheme, the retailer orders less if the supplier charges a higher wholesale

price, and orders nothing if the supplier’s wholesale price wd is at or higher than p
1+↵(rr�rf )

. The

comparison to the centralized solution shows that if the retailer has enough initial wealth or is

allowed to pay a low enough deposit, its order quantity q

⇤(wd) may be higher than the system

optimal quantity Q0. In our model for DR scheme, although the retailer’s credit risk disappears,

there are three sources of system ine�ciency: (1) the usual double marginalization (wd 6= c), (2)

the retailer’s initial wealth, and (3) the bank required deposit rate.

Corollary 4 If ⌘ 2 [↵wdQ0,↵wdF̄
�1

⇣

↵wd(rr�rf )
p�wd

⌘

], we have q⇤(wd) > Q0 i↵ wd <

p
1+↵(rr�rf )

p
c(1+rc)

.

4.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wd), the supplier chooses wd to max-

imize its own NPV of expected profit. Note that some ordered units will be purchased/redeemed

by the retailer (from the bank), while others will be bought back by the supplier at the wholesale

price. Since we assume zero salvage value, the bought back inventory has no value2.

max
wd2(c(1+rs),

p
1+↵(rr�rf ) )

⇡s(wd) =
1

1 + rs
E [wd(D ^ q

⇤(wd))]� cq

⇤(wd). (10)

To derive the optimal wholesale price wd, we di↵erentiate ⇡s(wd) and have:

⇡

0
s(wd) =

1

1 + rs

(

Z q⇤(wd)

0
F̄ (x)dx+

⇥

wdF̄ (q⇤(wd))� c(1 + rs)
⇤

dq

⇤(wd)

dwd

)

, (11)

where

dq

⇤(wd)

dwd
=

8

>

<

>

:

�⌘
↵w2

d
if ⌘

↵wd
< F̄

�1
⇣

↵wd(rr�rf )
p�wd

⌘

(i.e., if q⇤(wd) =
⌘

↵wd
)

�F̄ (q⇤(wd))�↵(rr�rf )
(p�wd)f(q⇤(wd))

otherwise.
(12)

2
Under DR, the bought back inventory (or the excess inventory) has been held at the supplier since its production

and thus its quality is guaranteed. If all the bought back units could be used to satisfy the supplier’s future demand,

the value of the bought back inventory would be the cost saved for the future production.

11

Bought	back	inventory	has	no	value!		
(consistent	with	the	Trade	credit	model)	



Model	III:	Reverse	DR	
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Step	1:	Retailer	sets	opCmal	order	quanCty	q*(wd)	

Step	2:	Supplier	sets	opCmal	w*d,	knowing	retailer’s	q*(wd)	

5.1 Retailer’s Problem

We next rewrite the retailer’s and the supplier’s problem under this new agreement. First, the

retailer’s problem becomes

max
q ⌘

↵wr

⇡r(q|wr) =
1

1 + rr

�

(p� wr)E[D ^ q] + ↵wrq(1 + rf )� �wrE[(q �D)+]
 

� ↵wrq. (16)

Proposition 5 The retailer’s optimal order quantity q

⇤(wd) =
h

F̄

�1
⇣

wr(�+↵(rr�rf ))
p�(1��)wr

⌘

^ ⌘
↵wd

i

1{wd<
p

1+↵(rr�rf )}
,

which decreases in the wholesale price wr, bank required deposit rate ↵ and compensate rate �, but

increases in its initial wealth ⌘.

5.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wr), the supplier chooses wr to max-

imize its own NPV of expected profit.

max
wr2(c(1+rs),

p
1+↵(rr�rf ) )

⇡s(wr) =
1

1 + rs
E

⇥

wr(D ^ q

⇤(wr)) + �wr(q
⇤(wr)�D)+

⇤

� cq

⇤(wr). (17)

We di↵erentiate ⇡s(wr) with respect to wr and have

⇡

0
s(wr) =

R q⇤(wr)
0

�

F̄ (x) + �F (x)
�

dx+
⇥

wrF̄ (q⇤(wr)) + �wrF (q⇤(wr))� c(1 + rs)
⇤ dq⇤(wr)

dwr

1 + rs
, (18)

where

dq

⇤(wd)

dwr
=

8

>

<

>

:

�⌘
↵w2

r
if ⌘

↵wr
< F̄

�1
⇣

wr(�+↵(rr�rf ))
p�(1��)wr

⌘

(i.e., if q⇤(wr) =
⌘

↵wr
)

�p(�+↵(rr�rf )
f(q⇤(wr))(p�(1��)wr)2

otherwise.
(19)

We first check the sign of ⇡0
s(wr) for both cases.

1. If q⇤(wr) =
⌘

↵wr
, we have that ⇡0

s(wr)|wr=c(1+rs) > 0 and ⇡

0
s(wr)|wr=

p
1+↵(rr�rf ) )

< 0?

2. Otherwise, if q⇤(wr) = F̄

�1
⇣

wr(�+↵(rr�rf ))
p�(1��)wr

⌘

, it is easy to verify that ⇡0
s(wr|wr = c(1+rs)) > 0

and ⇡

0
s(wr)|wr=

p
1+↵(rr�rf ) )

= 1
1+rs

nh

p
1+↵(rr�rf )

� c(1 + rs)
i

dq⇤

dwr

o

< 0. Let w̃r denote the

optimal wr for this case, i.e.,

w̃r 2
⇢

wr 2 (c(1 + rs),
p

1 + ↵(rr � rf )
) : ⇡0

s(wr) = 0

�

. (20)
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5.1 Retailer’s Problem

We next rewrite the retailer’s and the supplier’s problem under this new agreement. First, the

retailer’s problem becomes

max
q ⌘

↵wr

⇡r(q|wr) =
1

1 + rr

�

(p� wr)E[D ^ q] + ↵wrq(1 + rf )� �wrE[(q �D)+]
 

� ↵wrq. (16)

Proposition 5 The retailer’s optimal order quantity q

⇤(wd) =
h

F̄

�1
⇣

wr(�+↵(rr�rf ))
p�(1��)wr

⌘

^ ⌘
↵wd

i

1{wd<
p

1+↵(rr�rf )}
,

which decreases in the wholesale price wr, bank required deposit rate ↵ and compensate rate �, but

increases in its initial wealth ⌘.

5.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wr), the supplier chooses wr to max-

imize its own NPV of expected profit.

max
wr2(c(1+rs),

p
1+↵(rr�rf ) )

⇡s(wr) =
1

1 + rs
E

⇥

wr(D ^ q

⇤(wr)) + �wr(q
⇤(wr)�D)+

⇤

� cq

⇤(wr). (17)

We di↵erentiate ⇡s(wr) with respect to wr and have

⇡

0
s(wr) =

R q⇤(wr)
0

�

F̄ (x) + �F (x)
�

dx+
⇥

wrF̄ (q⇤(wr)) + �wrF (q⇤(wr))� c(1 + rs)
⇤ dq⇤(wr)

dwr

1 + rs
, (18)

where

dq

⇤(wd)

dwr
=

8

>

<

>

:

�⌘
↵w2

r
if ⌘

↵wr
< F̄

�1
⇣

wr(�+↵(rr�rf ))
p�(1��)wr

⌘

(i.e., if q⇤(wr) =
⌘

↵wr
)

�p(�+↵(rr�rf )
f(q⇤(wr))(p�(1��)wr)2

otherwise.
(19)

We first check the sign of ⇡0
s(wr) for both cases.

1. If q⇤(wr) =
⌘

↵wr
, we have that ⇡0

s(wr)|wr=c(1+rs) > 0 and ⇡

0
s(wr)|wr=

p
1+↵(rr�rf ) )

< 0?

2. Otherwise, if q⇤(wr) = F̄

�1
⇣

wr(�+↵(rr�rf ))
p�(1��)wr

⌘

, it is easy to verify that ⇡0
s(wr|wr = c(1+rs)) > 0

and ⇡

0
s(wr)|wr=

p
1+↵(rr�rf ) )

= 1
1+rs

nh

p
1+↵(rr�rf )

� c(1 + rs)
i

dq⇤

dwr

o

< 0. Let w̃r denote the

optimal wr for this case, i.e.,

w̃r 2
⇢

wr 2 (c(1 + rs),
p

1 + ↵(rr � rf )
) : ⇡0

s(wr) = 0

�

. (20)
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Equivalent	to	buyback	at	a		
discounted	price,	(1-γ)wr!	



Model	II	and	III	(SCF)	

12	

Step	1:	Retailer	sets	opCmal	order	quanCty	q*(wd)	

Step	2:	Supplier	sets	opCmal	w*d,	knowing	retailer’s	q*(wd)	
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retailer’s problem becomes

max
q ⌘

↵wr

⇡r(q|wr) =
1

1 + rr

�
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⇣
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o

< 0. Let w̃r denote the

optimal wr for this case, i.e.,
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⇢

wr 2 (c(1 + rs),
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) : ⇡0

s(wr) = 0

�
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which decreases in the wholesale price wr, bank required deposit rate ↵ and compensate rate �, but

increases in its initial wealth ⌘.

5.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wr), the supplier chooses wr to max-

imize its own NPV of expected profit.

max
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0
s(wr)|wr=

p
1+↵(rr�rf ) )

< 0?
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Supply	chain’s	profit	evaluated	at	Cme	T	(rather	than	Cme	0)	is:		
But under DR or RDR, the supply chain’s profit has a di↵erent expression

⇡c = ⇡r + ⇡s = pE[D ^ q]� c(1 + rs)q � ↵wq(rr � rf ). (8)

Noting that d⇤t (wt) is a function of both wt and q

⇤(wt), we di↵erentiate ⇡s(wt) with respect to

wt.

⇡

0
s(wt) =

1

1 + rs

⇢

�q

⇤(wt)F̄ (y⇤(wt)) + (�wtF̄ (y⇤(wt))� c(1 + rs))
dq

⇤(wt)

dwt

�

, (9)

where dq⇤(wt)
dwt

is given by (5).

Proposition 2 The supplier’s optimal wholesale price w

⇤
t 2 (c(1 + rs), p) and thus the equilibrium

is (w⇤
t , q

⇤(w⇤
t )), where w

⇤
t is the value of wt satisfying the following first order condition:

F̄ (y⇤(wt))� wtq⇤(wt)
p f(y⇤(wt))

pf(q⇤(wt))� �w2
t

p f(y⇤(wt))
=

q

⇤(wt)F̄ (y⇤(wt))

�wtF̄ (y⇤(wt))� c(1 + rs)
(10)

We determine the optimal wholesale price w⇤
t by first check the profit margin at wt =

c(1+rs)
� , the

minimum value of wt. Note that dq⇤(wt)
dwt

< 0 (if F̄ (y⇤(wt)) >
wtq⇤(wt)

p f(y⇤(wt)) and the distribution

is IFR). Since

⇡

0
s(wt =

c(1 + rs)

�

) =
1

1 + rs

⇢

�q

⇤(wt)F̄ (y⇤(wt))� c(1 + rs)F (y⇤(wt))
dq

⇤(wt)

dwt

�

> 0,

we know that w⇤
t >

c(1+rs)
� . We next examine the first order condition, ⇡0

s(wt) = 0, where ⇡

0
s(wt) is

given by (8). This apparently requires �wtF̄ (y⇤(wt))� c(1 + rs) > 0 or �wtF̄ (y⇤(wt)) > c(1 + rs).

Since c(1+ rc) > c(1+ rs), it is possible that the overage cost �wtF̄ (y⇤(wt)) is lower than c(1+ rc).

If that happens, according to Corollary 2, we know q

⇤(wt) > Q0.

We use the same numerical study mentioned above to illustrate how the supplier sets the optimal

wholesale price for retailers with di↵erent risk profile, characterized by (�, ⌘). As shown in Figure

2, for retailers with low credibility (e.g., �  0.5 when ⌘ = 300), the supplier sets w⇤
t = 10 = p and

thus does not do business with them. This is because the supplier’s loss from no payment from

such retailers outweighs the benefit. For retailers with medium high credibility (e.g., � 2 (0.5, 0.75)

when ⌘ = 300), the supplier will charge a higher wholesale price to a more credible retailer. For

retailers with high credibility (e.g., � > 0.75 when ⌘ = 300), the result is more intuitive—the

7

May	add	salvage	value	for	excess	inventory,	πc	will	have	an	addiConal	posiCve	term		



InteresCng	Results	

•  What	type	of	retailer	would	supplier	prefer	to	
finance	through	Trade	credit?		
– Think	from	two	dimensions:	iniCal	wealth	(η) and	
payment	probability	(β)	

– Retailer	A	with	η=500k,	β=95%	or	Retailer	B	with	
η=150k,	β=80%?			

– Answer	is	Retailer	B!		



InteresCng	Results	
Supplier’s	profit	under	Trade	Credit	with	different	types	of	retailer	
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InteresCng	Results	

•  What	type	of	retailer	would	supplier	prefer	to	
finance	through	Trade	credit?		
– Prefer	poor,	but	credible	retailers		
–  Insights:	Since	poor	retailers	are	more	likely	to	
default	(thus	paying	pD+η,	independent	of	q),	
they	will	lower	supplier’s	profit	margins,	but	order	
more.		

– QuanCty	benefit	>	profit-margin	disadvantage!		
	



TC	or	SCF?	
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For	most	types	of	retailer,	supplier		
does	enjoy	operaConal	benefit	–	a		
higher	expected	profit.	

Supplier	sees	a	big		
profit	jump	from	0!		



OperaConal	Change:	Wholesale	Price	
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OperaConal	Change:	Order	QuanCty	
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Supplier	should		
expect	a	lower		
producCon	quanCty!	

Supplier	should	expect		
a	higher	producCon		
quanCty!	

Supplier	should	expect		
a	higher	producCon		
quanCty!	



How	should	supplier		
compare	TC	with	SCF?		

•  TC	(direct	finance)	
– Bear	retailer’s	default	and	credibility	risks	=>	
indirectly	bear	demand	risk		
•  Pros:	encourage	a	bigger	order	quanCty	

– Supplier	and	retailer	share	demand	risk	
•  SCF	(indirect	finance)	
– Shield	from	retailer’s	default	and	credibility	risks	
•  Pros:	beNer	control	of	profit	margin	

– Buyback	excess	inventory	=>	supplier	directly	bear	
demand	risk	alone	



Any	quesCons?	
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How	should	supplier		
compare	TC	with	SCF?		

•  TC	(direct	finance)	
–  Bear	retailer’s	default	and	credibility	risks	=>	indirectly	
bear	demand	risk		
•  Pros:	encourage	a	bigger	order	quanCty	

•  SCF	(indirect	finance)	
–  Shield	from	retailer’s	default	and	credibility	risks	

•  Pros:	beNer	control	of	profit	margin	
–  Buyback	excess	inventory	=>	directly	bear	demand	
risk	

•  Retailer’s	default	risk	and	credibility	risk	have	
same	type	of	effect	on	order	quanCty	

cost is sort of a weighted average of the two costs, where the weight is the probability/likelihood

of paying the respective cost. When the retailer’s initial wealth ⌘ is smaller or/and the wholesale

price wt is higher, the retailer is more likely to default and pay the fixed cost (i.e., the fixed cost has

a higher weight in the expected cost). When ⌘ = 100, when wt is low (i.e., wt 2 (2, 6.5), the linear

cost dominates and thus the retailer orders less as wt increases; when wt is high (i.e., wt 2 (6.5, 10),

the fixed cost dominates and is more dominating as wt increases, and thus the retailer orders more

as wt increases.

Corollary 3 sgn

⇣

dq⇤(wt)
d�

⌘

= sgn

⇣

dq⇤(wt)
d⌘

⌘

. In other words, the payment probability, �, and the

initial wealth level, ⌘, always have the same type of e↵ect (positive or negative) on the retailer’s

optimal order quantity, q

⇤(wt).

Proof: Di↵erentiating both sides of pF̄ (q⇤(wt)) = �wtF̄ (y⇤(wt)) with respect to �, we obtain

dq⇤(wt)
d� = wtF̄ (y⇤(wt))

�w2
t /pf(y

⇤(wt))�pf(q⇤(wt))
. Similarly we have dq⇤(wt)

d⌘ = �wtf(y⇤(wt))(1+rr)/p
�w2

t /pf(y
⇤(wt))�pf(q⇤(wt))

. Simple

comparison shows that sgn
⇣

dq⇤(wt)
d�

⌘

= sgn
⇣

dq⇤(wt)
d⌘

⌘

.

This result means that if wealthier retailers order more, more reliable retailers should also

order more, or wealth and honesty (reliability) should result in a same ordering behavior. This is

reasonable because both wealth and honesty (reliability) drive up the retailer’s actual ordering cost

incurred, while not a↵ecting the retailer’s revenue.

3.2 Supplier’s Problem

Anticipating the retailer’s best response in order quantity q

⇤(wt) (together with y

⇤(wt)), the supplier

chooses wt to maximize its own NPV of expected profit. Note that for each unit sold, the supplier

pays c and receives wt
1+rs

or less from the retailer with probability �. For the same unit, the retailer

in turn earns at most p. Thus the supplier should set wt in between c(1+rs)
� and p.

max
wt2( c(1+rs)

� ,p)
⇡s(wt) =

�

1 + rs

"

⌘(1 + rr) + p

Z d⇤t (wt)

0
F̄ (x)dx

#

� cq

⇤(wt). (6)

Thus we have the supply chain’s profit, evaluated at the end of the period, written as

⇡c = ⇡r + ⇡s = pE[D ^ q]� c(1 + rs)q. (7)

Noting that d⇤t (wt) is a function of both wt and q

⇤(wt), we di↵erentiate ⇡s(wt) with respect to

6



Relevant	Literature	

•  Supplier	Finance		
– Trade	credit:		
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– Buyback	contract:	
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