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The major challenge, which the financially insufficient firm tries to overcome, is the uncertain demand
during the sales season and the possible bankruptcy due to the lower demand than the initial order
quantity. Most traditional studies on the operational decision problem address this challenge by
assuming that the retailer has enough capital to procure as many products as necessary. However,
small and medium size firms with insufficient capital or even startup companies are generally
financially constrained for procuring or producing the product. Thus, to address the financially
constrained problem, in this study we model a financially constrained two-level supply chain
consisting of a financially-deficient retailer and a bank. In this supply chain, the supplier can sell a
product at two wholesale prices to the retailer before and during the sales season, respectively. Then
the retailer makes an initial order to the supplier with this loan from the bank and then sells the product
to its customers at a selling price during the sales season. Moreover, if the realized demand is more
than the initial order quantity, the retailer can make the second order at a higher wholesale price than
the initial wholesale price. The analytical results from this model can be summarized as follows: First,
the retailer’s optimal initial ordering decision is a non-increasing function of the bank’s decision,
interest rate. Second, as the procuring cost through the quick response increases, the retailer’s initial
ordering quantity increases and thus the amount of loan from the bank increases. Third, as the retailer’s
initial capital increases, the amount of loan from the bank decreases. Forth, the retailer’s initial
ordering quantity with the quick response strategy is almost surely less than without the quick response
strategy.

© 2020 by the authors; licensee Growing Science, Canada

1. Introduction

A financial insufficiency has been a problem faced by the firm procuring the product before realizing the demand during the
sales season. The major challenge, which the financially insufficient firm tries to overcome, are the uncertain demand during
the sales season and the possible bankruptcy due to the lower demand than the initial order quantity. Most of the traditional
studies in operations management have ignored the financial states of players in the supply chain or value chain, which result
in infeasible or unrealistic practices or even catastrophic losses (Buzacott & Zhang, 2004). A firm under an uncertain demand
needs to manage inventory effectively through so called safety inventory which makes cushion against variation from the
expected demand. Typically, the inventory cost and its financing cost are considered to be almost the same as or even more than
an order processing cost (Kahneman & Tversky, 2013). Most traditional studies on the operational decision problem assume
that the retailer has enough working capital to procure as many products as necessary (Camerer, 1988). However, this can be
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possible only for large firms with a financial strength. However, small and medium size firms with insufficient capital budget
or even startup companies are generally financially-constrained for procuring or producing the product. The firm making an
operational decision generally and frequently faces budget-deficient problem and thus financing the firm is widely used by the
commercial bank, which helps diversifying its own portfolio and also improves the supply chain more efficiently. Generally,
bank and bond market are the main source for financing the financially-constrained firms in the supply chain to process their
own business, especially operational decision. However, small or startup companies have difficulty issuing bond in the
commercial bond market due to risks such as the lack of credit history or even low creditworthiness.

In this study, we construct a financially constrained two-level supply chain consisting of a financially-deficient retailer and a
bank. In this supply chain system, the supplier sells a product at two wholesale prices to the retailer before and during the sales
season. Then the retailer makes an initial order to the supplier with this loan from the bank and then sells the product to its
customers at a selling price during the sales season. Also, if the demand is more than the initial order quantity, the retailer can
make the second order at the higher wholesale price than the initial wholesale price. We study a non-cooperative model in which
bank and retailer in this supply chain try to optimize their own expected profits in the existence of a bank credit. In particular, a
Stackelberg competition model is considered where the bank as the leader offers an interest rate and then the retailer as the
follower decides how much money to borrow for the initial order quantity decision. Our model can be summarized as follows.
First, we assume that the retailer is financially constrained so that she/he tries to use the outer financing sources which is the
bank loan. Second, we consider the interaction between the bank and the financially-constrained retailer. Third, we consider the
quick response contract between the supplier and retailer.

This paper is organized as following. Section 2 provides the literature review. Section 3 describes our model and discusses the
equilibrium for a retailer and bank. Section 4 provides a numerical analysis, which shows the impact of the bank’s interest rate
and retailer’s quick response strategy on the performance of a financially-constrained supply chain model, especially the bank’s
and retailer’s optimal decision. Section 5 concludes the paper.

2. Literature Review

Traditionally, researches in the supply chain management focus on the optimization of the operational decision for the expected
profit or loss and movement of products in the supply chain without financial constraint. However, the research considering the
financial constraint in the supply chain and the quick response strategy between the retailer and the supplier attracts attention.
So, we review various literatures focusing on financially constraint in the supply chain and the quick response strategy modelled
in the operational decision. There have been some literatures related to the operational/productional decision with financial
constraints. Lee and Rhee (2011) analyze and provide a trade-credit by a supplier as a tool for a supply chain coordination by
assuming firms are financially constrained for inventory. Buzacott and Zhang (2004) and Xu and Birge (2004) analyze the
decision-making process for a bank and a retailer using a newsvendor model, where the retailer is financially constrained for
inventory. Buzacott and Zhang (2004) model a Stackelberg game between a bank(leader) and retailer(follower) where the
retailer is financially constrained for inventory. Xu and Birge (2004) use periodically updated cash flow during the operational
activities as a function of assets and liabilities. Dada and Hu (2008) analyze a supply chain system with a supplier, a financially
constrained retailer and a bank where either a bank or a supplier can provide a credit to the retailer, and then provide a condition
in which either credit from a bank or a supplier is preferred by the retailer. Jing et al. (2012) analyze a channel consisting of one
supplier and one financially constrained retailer, where the retailer funds its operation by borrowing credit either from a bank
market or from the supplier willing to lend. When only either bank or trade credit by supplier is viable, Jing et al. (2012) show
that the trade credit by the supplier usually charges a high wholesale price and therefore would be less attractive than the credit
by the bank for the retailer. Kouvelis and Zhao (2012, 2015) consider a supply chain consisting of single retailer and single
supplier, where both the retailer and supplier are financially constrained. Kouvelis and Zhao (2012) show that a supplier should
always provide credit to the retailer at lower rates than the risk-free rate and that the retailer, if offered an optimal trade credit
contract, will always prefer the credit by the supplier to by bank. Kouvelis and Zhao (2015) provide results supporting the use
of revenue-sharing contracts for financially constrained supply chains with bankruptcy risks. Using a model capturing the
interaction among firms' operations decisions, the credit from the bank and trade credit from the retailer, Yang and Birge (2018)
show that trade credit can achieve risk sharing and hence improve supply chain efficiency, and also illustrate that offering trade
credit enables the retailer to obtain a higher profit if the retailer’s own capital exceeds a threshold.

As shown above, in most of the previous literature relating to the financing supply chain, the retailer has single chance to make
operational decision. However, some literatures point out that not all decision makers make single operational decision.
Moreover, they mentioned that the second operational decision chance may increase the revenue and moreover reduce the
mismatch cost during the sales season. So, the retailer’s adoption of a quick response strategy with reactive capacity from the
supplier can make profit generating chance by committing to partial procurement before the realization of demand but then still
opting the additional second procurement just after observing the demand (Cachon & Terwiesch, 2008). Iyer and Bergen (1997)
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study how a channel between supplier and financially sufficient retailer impacts choices of production and marketing variables
under the quick response, building models of the operational decisions of supplier and retailers both before and after applying
the quick response. Iyer and Bergen (1997) suggest strategic actions such as service level, wholesale price and ordering contract
used to make the quick response profitable for both supplier and retailer. Suri (1998) introduce a quick response as an expansion
of time-based competition, aimed at a single target with the goal of reducing lead times and provide a guideline for establishing
a quick response strategy. Cachon and Swinney (2009) analyze the impact of quick response by the financially sufficient retailer
on strategic consumer behavior and show that the existence of strategic consumers would reinforce the firm’s adoption of quick
response reducing the likelihood of deep discounts, which leads strategic consumers making purchasing decision at the regular
price. Cachon and Swinney (2011) consider a quick response model for financially sufficient retailer and compare its
performance to quick response system, enhanced design system and traditional system without enhanced design and quick
response. Cachon and Terwiesch (2008) find that enhanced system can offer consumers a product at the point when they value
more, making them less willing to wait for a clearance sale and experience a stockout. As shown in the literature review, a
systematic operational management model that considers a financially constrained supply chain and the quick response strategy
adopted by the retailer is important. However, there are no comprehensive models that address multiple operations-management
issues together, especially regarding players’ operational decisions, supply-chain financing, and quick response strategy. Hence,
the new model presented in this paper will bridge a research gap in operations management, supply-chain financing, and quick
response strategy.

3. Method

The sequence of our model is as follows. At time 0, the retailer has initial capital budget C, and makes @ amount of order at the
unit cost ¢ from the supplier before knowing the actual demand in the sales season but knowing the distribution for the demand
D given by F(x) =Pr(D < x) =1—F(x) and f(x) = F'(x). So, the retailer needs to pay for cQ amount of money to the
supplier and borrows L = [cQ — C,]* amount of money from the bank at the interest rate r. So, the bank and retailer conduct a
Stackelberg Competition Game in which the bank(he) is a leader deciding the interest rate r and the retailer(she) is a follower
deciding the initial order quantity Q before the sales season. More detail will be addressed in the following subsections.

3.1. Notations

Decision Variables:

r: Bank’s interest rate
Q: Retailer’s initial order quantity before the sales season

Parameters:

c: Initial unit cost from the supplier before the sales season

¢': Unit cost from the supplier through Quick response contract during the sales season ¢’ > ¢

s: Unit salvage cost after the sales season ¢ > s

p: Unit selling price during the sales season p > ¢’

D: Demand from consumers. f(D) and F(D) = 1 — F(D) are the probability density function (pdf) and cumulative
distribution function (cdf), respectively

Cy: Retailer’s initial capital

CF;: Cash flow at time t. t = 0 is time before the sales season, t = T is time after the sales season

L: Amount of money which the retailer borrows from the bank. L = cQ — C,

[1,: Bank’s profit after the sales season

3.2. Retailer’s Decision

Before the sales season (time 0), the retailer has initial capital C, and makes Q amount of order at the unit cost ¢ from the
supplier before knowing the actual demand in the sales season (time T). In this study, the retailer can use a quick response
strategy which is a contract with the supplier. By the quick response strategy, the retailer has two ordering opportunities. She
can make the second order and moreover expedite the procuring process of the product at the higher cost from the supplier
during the sales season if the demand is higher than the initial order quantity which was made before the sales season. So, the
cash flow CF; at time 0 is given by

CFy=Co+[cQ—Colt —cQ=Cy+L—cQ

Logically, either CFy = 0 or L = [cQ — Cy]* = 0 should be feasible. This comes from the following reasoning. The retailer
would borrow the money up to cQ — Cy, only if cQ — Cy>0 which means that the retailer is financially insufficient for the initial
ordering. Otherwise, she would not borrow the money from the bank. We assume that the retailer can make the second order to
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the supplier during the sales season. That is, if the demand occurs more than the initial ordering quantity during the sales season,
the retailer would place the second order to the supplier at the higher cost, ¢’ > ¢, and the supplier can expedite the ordering
process which can provide the products through the second order to the retailer during the sales season with a short lead time,
which is called as the quick response. The second order quantity through the quick response is given by [D — Q]*, which can
be obtained since the retailer assumes to measure the exact amount of demand just after the sales season. For this, we assume
that, in usual practice, most retailer experience that a popular product in the beginning of the sales season almost always turns
out to be a popular product in the rest of the sales season and moreover can fairly perfectly predict sales in the rest of the sales
season (Cachon & Terwiesch, 2008). Now, the cash flow CFr at time T is given by

CFr =CFy+pD+s[Q-D]t=c'[D-Q]*—L(1+71)
Now, the following result provides the sufficient conditions in which the retailer might be bankrupt or not.

Lemma 1. Suppose that the retailer borrows positive amount of money from the bank with interest rate r. Then,

Co(1+1)
c(1+7r)-s
2. The probability for the retailer to be bankruptcy is strictly larger than zero when the demand is less than
[c(147)=s]Q+Co(1+7)
p—Ss
Proof. For the first result, for no bankruptcy risk, the cash flow after the sales season even with zero demand should be positive
as follows,

1. The probability for the retailer to be bankruptcy is zero when the retailer’s first ordering quantity is less than

CFr=0+p0+s[Q—0]"—=c'[0—-Q]" —L(A+7r)=sQ—(cQ—Cy)A+7r)=—(c(1+71)—5)Q+Co(1+71)=0
Thus, we have
Co(1+71)
“c(l4+r)-s
For the second result, first let’s consider the case for D = Q. The cash flow after the sales season should be

CFp=0+pD—c'[D-Q]—-L(A+r)=zpQ—c'[D-Q]—-L(1+7r) =0,

which holds since the retailer will order Q such that at least bankruptcy never happen. Now, let’s consider the case for D < Q.
The cash flow after the sales season will be

CF;=0+pD+s[Q—-D]—L(+r).
For the retailer to be bankrupt with positive probability, the cash flow after the sales season (T') should be
CF;=0+pD+s[Q—-D]—-L(1+r)<O0.

Thus, we have
LA+7r)—sQ (cQ—-Co)(A+1)—sQ [c(1+7)—5]Q—Co(1+T)
< p—s B p—s B p—s

D

So, the result holds.
Q.E.D

Using the result of Lemma 1, the retailer’s cash flow after the sales season (T) is given by

pD —c'(D—Q)—L(1+71), ifQ<D
(el +7)=5)Q —Co(1+7)

¢, ={ PPHs@-D)=L0+n), if . <D<Q
0 ’ if D < (c1+17) —:)_QS— Co(1+7)

and moreover, the retailer’s expected cash flow can be written as follows,
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Q © ) .
G s)f DdF(D) + (p — c’)j DAF(D) + C, — (c — sF(Q) — c'F(Q))Q, iF o< ?0
0 Q
Q .
G s)f DdF(D) + (p — cr)f DAF(D) + Co(1 +7) — (c(1 +71) —sF(Q) — ¢'F(Q))Q,
0 Q
E[CFT] =1 | CO )
if —<e=e
Q ©
(p - S) f_ DdF(D) + (p - C’)f DdF(D) - (CQ - Co)(l + ‘I”)F(E) + (S(F(Q) — F(E)) + C’F(Q))Q,
b Q
ifQ<Q
where Q = Lo(4r) and D = (C(1+T)-S)Q—Co(1+r).
’ c(1+41r)-s p—s

The following result provides the retailer’s optimal ordering quantity given the bank’s interest rate r and the retailer’s initial
capital Cj,.

Proposition 1. Suppose that the demand distribution is increasing failure rate. Given the retailer’s initial cash level €, and the
bank’s interest rate r, the retailer’s initial optimal ordering quantity Qg is given by

S, i (E)<n

c —s s c
Qi ={= c(1+r)— . — -5 _
! " ( ) lf?<F1(C’—s)<Q
_ \ o, ife<0
where Q~ is such that
FG = c(1 +r) —SF<(C(1+T) —S)QS— C0(1+r)>

C
Proof. First, consider the order quantity which can be Q < ?0. Then, the first order optimality condition is as follows:

oE[CF _ _
FEICHT] (o 9IQF@)] - (0= )OF(Q) - (c = SF(Q) = c'F(Q)) = (=5£(Q) + ' F(@)Q = —¢ + SF(Q) + C'F(Q)

aQ
=0
Now, we have
c—s
FQ) = —
Second, consider the order quantity which can be % <Q<QqQ. Agaln, the first order optimality condition is as follows:
JdE[CF _
% = (- )Qf@] - - cNQf(@Q) — (c(L+71) =sF(Q) — c'F(Q) — (=sf(@ +c'f(@)Q
=—c(1+7r)+sF(Q)+c'F(Q)=0
So, we have
F(Q) = c(1 +i”)s— s

Third, consider the order quantity which can be Q < Q. Again, the first order optimality condition is as follows:

oE[CF 1 1 -
= 0-90r@- "2 - 0 - 90@ + (0 - a1 40 D=2 )
_ 1 N
e+ PFD) +( s (f(Q) &fwg @ | @+ (s(F@ - FD)) + cF(@)
=—c(1+7r)F(D) +sF(D)+ (c' —s)F(Q) = —(c(1+71)—s)F(D) + (c' — s)F(Q)
- @ - 9)|F@ - =)
So, we have

F) = "2 k)

Q.E.D
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Since the retailer with the quick response strategy has a second ordering chance during sales season, she would make less initial
order than without the quick response strategy. This can be shown in the following Lemma.

Lemma 2. Suppose that the retailer is financially constrained and thus borrows money from the bank. Then, the retailer’s initial
ordering quantity with the quick response strategy is less than without the quick response strategy.

Proof. The optimal ordering quantity Q, with the quick response strategy is the one such that

(c' = $)F(Q) = (c(1 + 1) — )F (FHD—2ED) =

The optimal ordering quantity @, without the quick response strategy is the one such that

(- FQ) — (c(1 +7) - $)F (““ +1) = $)Q = Co(L+ r)) _

p—s
Now, due to p > ¢’, the following inequality holds

(c1+r)—s)Q—-C,(1+7)
p—s

(p—)F(Q) — (c(1+7) - s)ﬁ(

) > (c'=35)FQ)—(c(1+71)— S)F<(C(1 1) =90 =G0+ r))

p—S

for all @ = 0. So, the optimal ordering quantity Qg, with the quick response strategy is less than the optimal ordering quantity

Q.- without the quick response strategy.
Q.E.D

As the retailer’s initial capital increases, the retailer tries to lower an overstocking risk and borrow less money from the bank by
lowering initial order quantity. Thus, the second ordering quantity through the quick response contract with the supplier tends
to increase. This can be explained in the following Lemma 3.

Lemma 3. Suppose that the retailer is financially constrained and thus borrows money from the bank. Then, as the retailer’s

initial capital increases, the retailer’s second ordering quantity increases almost surely.

Proof. we need to show that % is negative, which can be obtained by applying the implicit function theory to F(Q) =
0

c(1+r) S =
c’

F(D) as follows,
— (c(l+7)— )_aQ+(1+)
6Q c(1+r) s D) ¢ r)—s 3¢, r

—f(Q) -~
Q ac, c'—s p—Ss
, which can be rewritten as follows
c(1+71)=s 141 c(1+r)—=s 1+r f(D) c(1+1)=s 1+r 1+r
Q _ i s/ D) O psF®) s 552D _ »s2D)
aC, _ c(1+1)=s (c(1+1)-5) _@@ c(147)-s (c(1+r)—s)L[7) C(1+r) s c(1+r) s (c(147)-s) - _ (c(1+r) s)
0 Q) + L=y TOTQ O e 9 D) 2@+ 9,(0)  -2(Q) + SH22,(D)
147
—z(D)
(c(1+r) s) <0
——z2(D) - z(Q
c(1+r) S

where the third equality holds due to F(Q) =

F(D) and the last inequality holds due to (C(Hr) S) (D)-z(Q) <0

since the demand distribution function in 1ncreasmg fallure rate. Now, the retailer’s second ordering quantity for every demand
outcome D is given by [D — Q]*. Since we show that the retailer’s initial ordering quantity decreases as the retailer’s initial
capital increases, for every demand outcome, [D — Q]* increases almost surely. Q.ED

Since the retailer with the quick response strategy has a second ordering chance during sales season, she can generate more
profit than without the quick response strategy by grapping the demand which might be lost due to the lack of the initial order
but can be captured by the second order at the higher unit cost. Moreover, from Lemma 3, we can see that if the retailer is
wealthy with higher initial capital, she might focus more on the second order than on the initial order since she can remove the
salvage cost and increase the customer’s satisfaction.

3.3. Bank’s Decision
We consider a monopolistic capital market based on the liberalization of interest rate. This implies that the bank can maximize

the expected profit by setting a proper interest rate. So, given the retailer’s optimal decision Q, the bank’s profit after the sales
season (T) can be written using the result of Lemma 1,
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c1+r)—s]Q+Co(1+71
(0 +5@-D)-(cQ-cp, iyp<FED=SIOTGATD

= { (1 +7) - 510 + Cy(1 +7)
(@-Cpr,  fD= -

Then, the bank’s objective is as follows
max E[I,]
r>

where E[u(Il,)] is the bank’s expected profit at time 0 given by

(C(l‘Fr)*S)Q*CO(l‘FT) o
p-s
(pD +s(Q-D) - (cQ - CO))dF(D) + f (cQ — Cy)rdF (D)
0 (c(1+r)7s)Qng(1+r)
p—s

In the following result, we show that there exists an optimal interest rate for bank which can offer to the retailer and that the
retailer’s order quantity is a decreasing function in the bank’s interest rate.

Proposition 2. Suppose that the demand distribution is increasing failure rate. Then

1. The bank’s optimal interest rate is a value r* satisfying the following equations
(~(c =)+ (@ +7) - )F(D)) aa—? +(cQ—CoF(D)=0
9Q CcF(D)—(c(l+7)—s)2f(D)
or —(C(lzi)s_s)zf (D) = (¢' — 9)f(Q)

2. As the interest rate increases, the retailer’s initial ordering quantity decreases.

(c(1+71)—s)Q—Co(1+71)

- p-s i
D oo D [}

E] = [ (oD + 52 = D) = (cQ = €)aF®) + [ Q= Co)raF®) = [ (=)D = (cQ =€) + 50 + (cQ = Co)r = (cQ = Co)r)AF D) + [ (e = Coyra (D)
0 D 0 D

D — _
:_(P_S)fo (_D+(c(1+r) ps)_QS Co(1+7)

Proof. Letting D =

, the bank’s expected profit can be written as follows

©

D
)dF(D) + fo (cQ — Cy)rdF(D) + J’E (cQ — Cy)rdF (D)

b —
——p-s) f (D = DYAF(D) + (cQ — Co)r

The first-order derivative optimality condition for bank’s expected profit is given by

9E[Mm,]  0Q Pc(1+7) = 5) 32 +cQ —Cy
ar =CET+(CQ_C0)_(P_S)IO — dF(D)

_ b a0

= or S5+ (cQ - Go) —fo [(c(l +1) =53+ - co] dF (D)

=(cr—(c(1+m)— s)F(E))aa—g + (cQ — Cx)F (D)

= (cr —(c@+r)-9)+(c@Q+r)—-5)—-(c(1+1r) - s)F(]._)))??—g + (cQ — Cy)F (D)

__..0 _

=(=(c=9)+(c1+1)=-s)FD)) a—g + (cQ — Cy)F (D)
Since Qnq = Qg from Lemma 2 and thus CC,__SS = F(Qnq) <F(Qq) = C(l;z_sf([_)), we have —(c—s) + (c(1+71) —
s)F(D) > 0. So. With (cQ — Cy)F(D), we have % < 0. This implies that, as the interest increases, the retailer’s ordering

quantity decreases. Now, we need to find Z—Q, which can be obtained by applying the implicit function theory to F(Q) =

r

6(1;2_5 F(D) as follows,
aQ
aQ c . c+r)-s__ (Q+r)=95)—=+cQ—-0C
—f(Q) = = F(D) - D r
Q55 =—F0) - S —
which can be rewritten as follows
c+r)—s _ (c(1+7r)—1s)]|0Q c - c(1+7r)—5scQ—Cy . —
—f(Q) +—— f(D) —S=——FD)-— = f(D)
c'—s p—s ar ¢’ —s c'—s p—s
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Then, the retailer’s response to the bank’s interest rate is given by

c(1+1)—s cQ—Cy

0Q T FD)—S7T=m2f(D)  cF(D) - (el +1) =)= =2 f(D)

ar C(lc':'ii_sf(ﬁ) (C(lp"'_rj-s) _ f(Q) (c(1+r) 5)? f(D) _ (C _ S)f(Q)
Then, the result holds.

Q.E.D

Intuitively, the retailer would increase the initial ordering quantity if the unit cost through the quick response is higher. Also,
the higher the retailer’s initial order quantity is, the more money she would borrow from the bank. This intuition is explained in
the following Lemma.

Lemma 4. Suppose that the demand distribution function has an increasing failure rate (IFR). Then, given C,, as ¢’ increases,
the initial ordering quantity increases and the amount of loan from the bank increases.

c(1+r) s

Proof. From Proposition 1, applying the implicit function theory to F(Q) = =———F(D),
aQ
oQ c(1+r)—s_ c(1+r)—s _ (C(1+7’)—5)_,
—f(Q)—, =TT o F(D) - f(D) 2
c ) —s p—s
c(1+r) N 1 1
& — (c'-s) F(D) _ c'—s —_ '—s
ac’ (c(1+r) $)2 c(1+r)—s@ . c'-s m@ c(1+1)-s . c'-s  c(1+41r)-s
(c"=s)(p-5) f( ) f(Q) p-s F(D) c(+r)-sF(D)F(Q) p-s ( ) c(14r)-s c'-s Z(Q)
=— g’=s >0
L2 2(D) - 2(Q)
c(1+r) s

where the last inequality holds due to —z(Q) + ( ) (D) < 0. So, as ¢’ increases, the first ordering quantity increases

p-
and thus the amount of loan from the bank, which is cQ Cy, should also increase. The result holds.

Q.E.D
If the retailer’s initial capital is higher, then the money she would borrow from the bank would decrease. This implies that the
demand for the money market decreases, the value of money decreases and thus the bank would provide the lower interest rate
to the retailer. This intuition can be explained in the following Lemma.

Lemma 5. Suppose that the demand distribution function has an increasing failure rate (IFR). Then, as C;, increases, the interest
rate decreases.

Proof. From Proposition 1, applying the implicit function theory to F(Q) = C(Hr) “F(D), we have
ar
f(Q) aQ 3 CE F(D) C(1+T')—S 5)(C(1+T)_S)%+CEQ_(1+T)_COE
ac (c"—s)? c'—s p—s
_ C(1+r)—s (c(1+r)—s) = FQf(Q _ c(14m)=s (c(1+r)=s) f(D)
o fQ s ) 0Q _Fore d-s s 9@
ac. c(1+r) s cQ (1+r) Co 6C c c(1+71)-s cQ—-(1+1)-Co (D) A,
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where the last inequality holds due to z(Q) — (%) z(D) > 0 and —Q < 0 from Lemma 3.

So, as C, increases, the interest rate decreases. The result holds.
Q.E.D
4. Numerical Results

In this section, we provide a numerical example to see how the model parameters affect the optimal solution for the retailer and
the bank. We consider the following simple example of a supplier and bank. Letp =1, ¢c=0.4, ¢’ = 0.6, s = 0 and the demand
is exponentially distributed with mean 100.
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Fig.1 shows the effect of the bank’s interest rate on the retailer’s optimal initial order quantity. As shown in Proposition 2, as
the bank’s interest rate increases, the retailer’s optimal initial order quantity decreases.

Fig. 2 shows the effect of the bank’s interest rate on the retailer’s expected second order quantity. As shown in Lemma 3, as the
bank’s interest rate increases, the retailer’s s expected second order quantity increases.
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Fig. 3 Bank’s Optimal Interest Rate vs. Bank’s Coefficient of Loss-aversion

Fig. 3 shows the effect of the retailer’s initial capital on the bank’s optimal interest rate. As shown in Lemma 4, as the retailer’s
initial capital increases, the bank’s optimal interest rate decreases.

5. Conclusion

In this study, we have analysed financially constrained supply chain which consists of a financially-deficient retailer and a bank.
The bank provides loan to the retailer. And, we assume that the retailer makes a quick response contract with the supplier.
Although there have been studies on financially constrained supply chain problems, there has been no study on the financially
constrained retailer’s quick response strategy. With this quick response contract between the supplier and the retailer in the
financially constrained supply chain, we derived the optimal decision for the retailer and bank. Then, we conducted a sensitivity
analysis to see how the parameters in our model affect each player’s optimal decision. Through analytical and numerical
analysis, the following results are obtained: First, in the financially constrained supply chain with bank credit, we see the effect
of the bank’s decision on the retailer’s optimal decision. The retailer’s optimal initial ordering decision is a non-increasing
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function of the bank’s decision, interest rate. These upstream player’s decision in the supply chain can be used as a method to
adjust the retailer’s potential default risk. Second, in the financially constrained supply chain with bank’s lending, as the
procuring cost by the quick response increases, the retailer’s initial ordering quantity increases and thus the amount of loan from
the bank increases. Intuitively, the retailer would increase the initial ordering quantity if the unit cost through the quick response
is higher. Also, the higher the retailer’s initial order quantity is, the more money she would borrow from the bank. Third, in the
financially constrained supply chain, as the retailer’s initial capital increases, the bank’s interest rate decreases. If the retailer’s
initial capital is higher, then the money she would borrow from the bank would decrease. This implies that the demand for the
money market decreases, the value of money decreases and thus the bank would provide the lower interest rate to the retailer.
Forth, in the financially constrained supply chain, the retailer’s initial ordering quantity with the quick response strategy is less
than without the quick response strategy. Moreover, this result with the third result above, we can find that as the retailer’s initial
capital increases, the retailer’s second ordering quantity increases almost surely.

This study contributes to the area of financially constrained supply chain model by integrating bank credit with the quick
response contract between the retailer and the supplier to see the effect of bank credit and the quick response on each player’s
optimal decision. Also, we see how the optimal decisions and quick response strategy in the supply chain influence the optimal
decision by ignoring the goodwill loss cost, salvage cost, quantity discounts and the buyback policy, which are the limitation of
this study. So, in the future study, we can extend our study to the model (1) with quantity discount or the buyback policy and
(2) with the risk-averse or risk-seeking or overconfident behavior.
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