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担保下的双信贷模式对供应链金融的策略

张鸿猷,毕功兵,费亚磊

(中国科学技术大学管理学院,安徽合肥230026)

摘要:研究了资金短缺的零售商在需求不确定下的一种供应链金融模式.在制造商提供部分贸易信贷情况

下,零售商可以从银行直接获得贷款(银行信贷).以往的文献设定制造商为零售商从银行贷款提供一个信用

担保(贸易信贷).在这个Stackelberg博弈中,设定制造商为领导者,并决定两种信贷模式比例.对制造商来

说在某些情况下,双信贷模式比单一信贷模式更有利.并且给出了数例证明.最优信贷比例并不总是0或者

1,即联合两种信贷可以更有效提高供应链绩效.
关键词:供应链金融;信用担保;信贷比例;贸易信贷;银行信贷



0 Introduction
Withtheincreasinglyoperationalandmarket

uncertaintiesinrecentyears,middleandsmall-
sizedenterprises (SME)havelimitedcreditto
loansfromthebankbecauseofahighpossibilityof
loandefaultsandbadloans.Actingasasubstitute
forbankcredit,tradecreditoffersopportunities
forsmallcorporationstofinancefromapartnerin
asupplychain.Intheabsenceofbankcredit,
offeringretailersapermissibledelayinpaymentsis
aneffectivewayforsupplierstostimulatesalesand
reduceinventoryasitrepresentsaformofprice
reduction.AccordingtotheFinancialTimes,in
2007,90% ofworldcommoditytradehadtrade
creditsizesofabout$25trillion.Whenchecking
privateenterprises,wefindthat,forinstance,
Walmartamountedto75 percentofitstotal
inventory($34.5billion)onthebalancesheeton
January31,2009.Becauseofitswideusage,
supplierfinancinghasbeenrealizedasapromising
fieldbyresearchersandpractitioners.

Inpractice,theretailerhastheincentiveto
incorporatemultiplefinancingstrategiestotake
furtheradvantages.Tradecreditandbankcredit
simultaneouslyconstitutethemainsourcesofthe
fundforSME’snormaloperations.Forexample,
according to the China Household Electrical
AppliancesAssn,tradecreditandbankcreditare
twopopularfinancingstrategiesadoptedbyChina’s
applianceindustryanditsfranchisersfinance.
Besidestradecredit,theappliancemanufacturers
offercreditguaranteefordownstreamdealersto
easetheaccessofloansfrombanks.

Sincetherearealternativesfortheretailerto
loanfromintermediaryfinancinginstitutionsand
suppliers,tremendousresearchhasbeendevoted
toinvestigatingtheadvantagesofbothsupplier
financing and bank financing. Cai et al.[1]

comparedbankcreditwithtradecreditundermoral
risks and find that the two credits are
complementary or substitutable as different
internalcapitals.YanandSun[2]analyzedcredit

lineandinteractionsbetweentheoperationaland
financialdecisions,and discussedthe optimal
creditlineforthecommercialbank.Giventhat
extantresearchseparatestradecreditfrombank
credit,littleisunderstoodabouttheincorporation
oftradecreditandbankcreditinliterature.This
paperintendstofillthegap.

Here we consider a stylized newsvendor
setting,inwhichtheretailerhaslimitedinitial
capitalandhastoloanfromthebank.Different
frompreviousresearch,themanufactureroffersa
guaranteedcredittotheretailercontingentonthe
possibilityofbankruptcy.Thebank doesnot
participateinthedecision-makingbutprovides
loans.Wefocusonhomogeneousproductswith
intensecompetition,suchaselectricalappliances,
andassumethatthewholesalepriceisexogenously
given,whichisinlinewith Refs.[3-4].We
demonstratethatthedesignofthemechanismby
incorporating bank and supplier credit is
meaningfulifthereexistsanequilibriumcredit
proportionbetweenthetwocredits.

Theremainderofthisarticleisorganizedas
follows.WereviewtheextantliteratureinSection
1,andSection2presentsthebasicmodelingof
supplychainfinancing (SCF),includingthe
model,notations,andassumptions.Section3
analyzesoptimaldecisionsfortheretailer.Section
4formulatesaStackelberggameandanalyzes
optimaldecisionsforlargerbankcreditrate.We
analyticallyandnumericallyexploretheimpactsof
financialdecisionsonoperationaldecisions,and
conductnumericalstudiesto demonstrate our
results.InSection5,wefurtheranalyzelarger
tradecreditrate,andgivenumericalexamples.We
concludethearticleinSection6.Allproofsare
relegatedtotheAppendix.

1 Literaturereview
Ourpaperextendstheexistingliteratureson

tradecreditandbankcreditbyincorporatingcredit
guaranteesintosupplychainfinancingproblems.
Ourfollowingreview isfrom perspectivesof
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supplychainfinance,theinterfaceofoperations
andfinance,and trade creditfinancing,the
comparative advantage between trade credit
financingandbankfinancing.

Thestream ofresearchrelativetosupply
chainfinanceistodealwiththefinancialdifficulty
ofthesmallandmedium-sizedenterprises.Berger
and Udell[5] proposed a complete conceptual
framework for the analysis of SMEs credit
availabilityissues.PfohlandGomm[6]reviewed
thestate-of-the-artresearchregardingfinancial
flowsinsupplychains,andproposedaconceptual
frameworkformathematicallymodeling “supply
chainfinance”.Gomm[7]introducedaframework
forinvestigatingthefinancialissuesinlogisticsand
supplychainmanagement(SCM)andshowedthat
introducingasupplychainperspectiveonfinancial
issues offers great opportunities for SCM
professionals.

As an additional research stream,joint
operationalandfinancialdecisionshaverecently
received fast-growing attention.Buzacott and
Zhang[8]discussedthesituationin which the
capital-constrainedretailerfinancesfromabank
thatmaximizestheprofitbysettingtheinterest
rateandloanlimit.Zhang[9]examinedamulti-
productnewsvendorproblem withbothsupplier
quantitydiscountsandabudgetconstraint.By
extendingtheforecasting-baseddiscountdividend
pricing method into an optimization-based
valuationframework,XuandBirge[10]proposedan
integrated corporate planning modelto make
productionandfinancialdecisionssimultaneously
forafirm.Other worksontheinterfaceof
operationsandfinancearereferredtoRefs.[11-
13].

Recently,tradecreditisviewedasanexternal
financingstrategy,whichislargelyextendedin
financeandeconomicsliterature.Empiricalstudies
investigatedtheincreasingimpactoftradecredit
and the interaction with other financing
strategies[4,14-16].In addition,effort has been
devotedtoexplicitlydiscussingtheeffectoftrade

creditincoordinatingabuyer-vendorsupplychain
underdifferentsettings.Jingetal.[17]suggested
thattheproductioncostplaysadeterminantrolein
thechoicebetweensupplierfinancingandbank
financing.Zhangetal.[18]investigatedtheimpact
oftradecreditanditsrisk on supplychain
coordination.

Moreover,variousresearchhasbeendevoted
toinvestigatingtheadvantagebetweensupplier
financing and bank financing. Zhou and
Groenevelt[19]compared supplier financing and
bankfinancingfromtheperspectiveofasset-based
financing.Theyshowedthatwithafairlypriced
bankloantheoverallsupplychainandtheretailer
prefer bank credit whereas trade credit is
preferableforthe manufacturer.Kouvelisand
Zhao[20]studiedtheretailer’sfinancingstrategyin
anewsvendorsetting,andfoundthattheretailer
preferstradecredittobankfinancing.Caietal.[1]

demonstratethattradecreditandbankcreditare
complementaryiftheretailer’sinternalcapitalis
substantiallylowbutbecomessubstitutableasthe
internalcapitalgrows.Giventheoppositeviewon
theoptimalchoicebetweentradecreditandbank
credit,westudytheretailer’sfinancingstrategyin
thepresenceofavailabilityofbothtradecreditand
bankcredit,andexamineamixedequilibriumof
financingstrategyfortheretailer.

Probablytheworkmostcloselyrelatedtoours
isRef.[17].Thispaperconsidersadistribution
channelthatconsistsofamanufacturerwithadeep
pocketandaretailerwithnowealthendowment.
Theoptimalinterestratefortradecreditcanbe
greater than the risk-free rate. Our paper
introduces manufacturer’s guarantee and
coexistenceofbothtradecreditandbankcredit.In
addition,thewholesalepriceisassumedtobe
exogenouslygiven.

2 Themodel
2.1 Modeldescription

Weconsiderasingle-periodnewsvendorSCF
systemin whichthreepartiesareincluded:a
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capital-constrainedretailer(“he”inthisstudy),an
upstreammanufacturer,andacommercialbank.
Theretailer,whohaslimitedliability,orders
quantityqfromthemanufacturerandthensellsit
tocustomers.The marketdemandD forthe
productisunknownuntiltheendoftheperiod.
The retailer is capital constrained in the
procurement process. To ease the financial
conditions, he borrows a loan from the
manufacturer and the bank. The system
frameworkisshowninFig.1.

Fig.1 Frameworkofasupplychainfinancingsystem

Thesequenceoftheeventsisasfollows:
Atthebeginningoftheperiod,thedemandis

notobserved.The retailer decides an order
quantityq and paysthe amountwq to the
manufacturer.Ifnecessary,theretailerborrowsa
loanfromthesupplierand/orthebank.Then,the
supplierandthebankengageinanegotiationfor
thecredit proportion to theloan size.The
wholesalepricewisassumedtobeexogenously
given.

Attheendoftheperiod,thedemandis
resolved.Uponreceivingtheproductfromthe
supplier,theretailerrealizeshisrevenueinthe
commoditymarket.Iftheretailer’sliquidassets
cancoverhisloanobligations,herepaystheloan;
ifnot,theretailerdeclaresbankruptcy,andthe
bankgainscontrolofthedefaultingoftheretailer’s
remainingwealth.Inaddition,iftheretailercan’t
repaythedebtobligationstothebank,thesupplier
undertakestherestoftheretailersinarrears.
2.2 Notationandassumptions
Inthissection,weillustratethenotationsand

assumptions(Tab.1)toformulatethemodelsin

thisstudy.
Tab.1 Summarizationofnotations

q retailer’sorderquantity(retailer’sdecisionvariable)

θ
creditproportiontotheloansize(manufacturer’s
decisionvariable)

p unitretailprice(normalizedto1)

w unitwholesaleprice

c unitproductioncost

B retailer’sinitialcapital

ΔX retailer’scapitalgapΔX =wq-B

rb bank’sexogenousinterestrate

rt manufacturer’sexogenousinterestrate

Π(·) expectedprofitforeachdecisionmaker

  DemandDisanonnegativerandomvariable
withacumulativedistributionfunctionandisnot
realizeduntiltheendoftheperiod.Theex-ante
demanddistributionfunctionF(D)satisfiesthe
following properties: ①F(D)is absolutely
continuouswithdensityf(D)>0on(a,b)for0≤
a≤b≤ ∞;②F(D)hasafinitemeanandits

hazardrateh(D)=
f(D)
F(D)

isincreasinginD ,

whereF(D)=1-F(D).Namelywefocuson
demanddistributionsofincreasingfailurerate
(IFR);③Thegeneralizedfailurerate(GFR)of
thedemandDisH(D)=Dh(D).Then,H(D)is
monotonicallyincreasinginD .

Weproposethefollowingassumptionsto
describeandanalyzeourmodelsclearly.

Assumption2.1 Thebankisassumedtoface
norisk;namely,thebankcantakebackallthe
loanprincipalsandinterests.However,dueto
existinglaborcostandadministrationcost,the
bankinterestrateisnotequaltozero.

Assumption2.2 Thebank,retailer,manufacturer,
areriskneutral.

Assumption2.3 Allinformationissymmetric.
The retailer’s capital condition and demand
informationarecommon knowledgeamongthe
threeparties.

Assumption2.4 Thegoodwilllossforunmet
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demandisignored.Allleftoverstocksalvagesat
prices=0.

Assumption2.5 Theretailerhasnomoral
hazardand default possibility,but mayface
bankruptcyriskdependingonwhetherfinalwealth
isnolessthantheloanprincipalandinterest.

Assumption2.6 Conditionalontheincreasingly
globalcompetition,manymanufacturershaveno
(less)pricingpower.Asaresult,thewholesale
priceisassumedtobeexogenouslygiven.Toavoid
trivialcases,letp≥w(1+rb)≥c(1+rb).For
easeofexposition,weassumethesupplier’sand
retailer’sopportunitycostofcapitalrf =0.

Assumption2.7 Theretaileriscapital
constrained.Thebankandthemanufacturerhave
unlimitedcapital.

3 Retailer’soptimaldecision
Inthissection,weconsiderthe retailer’s

optimaldecision,mainlyfocusingontheretailer’s
optimalquantityanditsproperties.Conditionalon
wholesalepricewandtheretailer’sinternalcapital
B,theretailerhasacapitalgapofΔX ,where
ΔX=wq-B.(1-θ)ΔXisthecreditsizethe
manufacturermayoffertotheretailer.Itimplies
thatthebankcreditsizeisθΔX .

Theretailer’sobjectiveistomaximizethe
profitbyorderingq(θ),whichcanbeexpressedas

max
q

πR(q;θ)=E{[min(q,D)-

θΔX(1+rb)-(1-θ)ΔX(1+rt)]+} (1)
Wedefinek(θ)=θΔX(1+rb)+(1-θ)ΔX(1+rt).
Attheendoftheperiod,theretailercollects

revenue min(q,D),whichis used to repay
hisdebt

k(θ)=θΔX(1+rb)-(1-θ)ΔX(1+rt)=
1+θrb+(1-θ)rt  ΔX.

k(θ)istheretailer’sbankruptcythreshold,the
minimaldemandlevelthattheretailercanrepay
theloanobligation.Iftherealizeddemandistoo
low,theretailerisnotabletorepaythebankloans
andhastofacebankruptcyrisk.Tosomedegree,
suchrisk ofbankruptcy maytransfertothe

manufacturer.
Proposition3.1 ForIFRdemanddistributions,
(i)thecapital-constrainedretailer’soptimal

order quantity q* is given by F(q*) =
ΩF(k(q*)),whereΩ=(1+θrb+ 1-θ  rt)w ;

(ii)q*isdecreasinginθ,i.e.,
dq*

dθ <0
;

  (iii)k(q*)isdecreasinginθ,i.e.,
dk(q*)
dθ <0.

  SeetheAppendixforitsproof.Thesuperscript
“*”representstheoptimumofdecisionvariable.
Proposition3.1(i)showsthattheoptimal

orderquantityq*iscloselyrelatedtothefinancing
sizeofcreditandcostparameters.Thatis,
operationaland financial decisions cannot be
decoupled.Inaddition,q*isdependentonbank
interestandcreditline,asitstatescapitalcostand
bankruptcyrisk.

Proposition3.1(ii)and(iii)demonstratethat
themanufacturerintendstochoosealowercredit
proportiontoacquirethehigherorderquantity.
Giventheinitialcapital,thefewerthecredit
proportion,thelowerthebankruptthresholdthe
retailerwillface.Ontheotherhand,ahigher
credit proportion conducts a larger interest
payment.Therefore,arationalmanufactureris
willingtochooseanappropriatecreditproportion
tocontrolthebankruptrisk.Asaconsequence,
theequilibriuminterestpaymentmaximizesthe
profit.

4 Manufacturer’soptimaldecision
whenrt<rb

Recallthatinthisstudythemanufactureris
assumedtohavenocapitalconstraintsandhave
unlimited capacity. Under the symmetric
information setting, the manufacturer can
anticipatetheretailer’sorderquantityq*(θ)and
actsasaStackelbergleader.Theoptimalcredit
proportionisachievedbysolving

104第5期 Dualcreditchannelsforsupplychainfinancingwithaguarantee



πM(θ,q*(θ))=∫
θΔX(1+rb)

0
-[θΔX(1+rb)-min(q*(θ),D)]f(D)dD+

∫
+∞

θΔX(1+rb)
minmin(q*(θ),D)-θΔX(1+rb),(1-θ)ΔX(1+rt)  f(D)dD+B+θΔX-cq*(θ)=

∫
k(θ)

0
[min(q*(θ),D)-θΔX(1+rb)]f(D)dD+∫

+∞

k(θ)
(1-θ)ΔX(1+rt)f(D)dD+B+θΔX-cq*(θ)

(2)

  Themanufacturer’srevenueismadeupof
twocomponents.Thefirstonemin{min(q*(θ),

D)-θΔX(1+rb),(1-θ)ΔX(1+rt)}f(D)dD+
B +θΔX -cq*(θ),representsthepayofffor
productiongivenbankcreditandtradecredit,and
thesecondone,[θΔX(1+rb)-min(q*(θ),D)]+

addressestheriskofguaranteeforbankcredit.
4.1 Tradecreditratert>0

Wefirstanalyzethesituationinwhichthe
tradecreditratert ≠0.Beforeweobtainthe
manufacturer’soptimaldecision,wehaveLemma
4.1asfollows.

Lemma4.1 Giveninitialcapitalandbank
rate,thereexistproductioncostthresholdsc1and
c2,wherec2satisfies

[rbΔX+ w+θwr  dq
*(θ)
dθ

](F(k(θ))-1)+

(w-c2)
dq*(θ)
dθ =0,

andc1satisfies
rbΔX[f(q*)-Ω2f(k(q*))]+

(c1+θwrb)wr[k(q*)f(k(q*))-F(k(q*))]=0.
  Bysetting(2)equaltozero,andafterre-
arrangement, we obtain the manufacturer’s
optimaldecision.

Proposition4.1 Forrt<rb,themanufacturer
optimizescreditrateθas

(i)c1<0,c2<0.
∀c∈(0,w),θ*=1.
(ii)c1>0,c2>0.
①c∈(0,c1],θ*=0.
②c∈(c1,c2],theoptimalθ*satisfies

F(k(θ*))=

ΔXrb+(θwrb+c)dq
*(θ)
dθ

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

.

③c∈(c2,w),θ*=1.
(iii)c1<0,c2>0.
①c∈(0,c2],theoptimalθ*satisfies

F(k(θ*))=

ΔXrb+(θwrb+c)dq
*(θ)
dθ

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

.

②c∈(c2,w),θ*=1.
  Recallthattheexpectedrevenue

∫
k(θ)

0
[minq*(θ),D  ]f(D)dD+

∫
+∞

k(θ)
[1+(1-q)rt]ΔXf(D)dD+B

decreaseswithbankruptcyriskk(θ),and
dk(θ)
dθ <0.

Then,∫
k(θ)

0
[min(q*(θ),D)]f(D)dD +∫

+∞

k(θ)
[1+

(1-θ)rt]ΔXf(D)dD increases withθ.The
manufacturer’s expected repayment is

∫
k(θ)

0
θΔXrbf(D)dD +cq*(θ).Givenappropriate

variables,wecanfindthattheoptimalθ* is
derived from equilibrium between expected
marginal revenue and expected marginal
repayment,asProposition4.1(ii)shows.If
expectedmarginalrevenueislargerthanexpected
marginalrepayment,θ* =1.Conversely,if
expectedmarginalrevenueislessthanexpected
marginalrepayment,θ* =0.Inthiscase,the
manufacturer’sexpectedrepaymentalsoincreases
withθ.
Proposition4.1intuitsthemanufacturerto
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makefinancingdecisionscontingentondifferent
productionsituations,definedbythethresholdsc1
andc2.Basedontherelationshipbetweenunit
production cost and the thresholds, the
manufacturer can identify various production
scenarios and effectively make the optimal
financingdecision.

Corollary4.1 Giveninitialcapitalandbank
rate,themanufactureroptimalprofitismax(πM(0,

q*(0)),πM (θ*,q* (θ*)),πM (1,q* (1))),

wheretheoptimalθ*satisfiesθ*=0;F(k(θ*))=

ΔXrb+(θwrb+c)dq
*(θ)
dθ

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

andθ*=1respectively.
Weusetheuniform distribution withtail

functionFx  =1-
x
100
(x∈(0,100))toillustrate

the impact of the credit proportion on
manufacturer’srevenuesasafunction,asshown
inFig.2.Weadoptamarketsettingofw =0.8,

B=10,rb=0.06,rt=0.01.Given0<c1<c2,if
c=0.71 <c1,the manufacturer’spayoffis
decreasingincreditproportion,andisbetteroff
underθ* = 0. Under this condition,the
manufacturerpreferstradecredit.Ifc1 <c =
0.72<c2,themanufacturerisbetteroffunder
θ*=0.5.Ifc=0.74>c2,themanufacturer
prefersbankcredit.Itclearlyillustratestheresult
ofProposition4.1(ii).

Foranexogenouswholeprice,wecanobtain
theoptimalmanufacturer’spayoffunderdifferent
productcosts.Sincealowerproductcostinducesa
lowerwholeprice,wefocusontheproductcost
justforeaseofexposition.Inreality,itisnoteasy
forthemanufacturertoreducecost,insteadof
increasingthe wholesale price when possible.
Therefore,withoutconsideringAssumption2.6,
themanufacturersetsthewholepriceaslargeas
possibleandprefersfulltradecredit,i.e.alowerc
andθ*=0inFig.2.

Fig.2 Forrt<rb,themanufacturer’spayoffsasafunctionofthecreditproportionunderdifferentc

  Insomecaseswherert<rb,thereexistsan
optimalcreditrateθsatisfying0<θ* <1,which
impliesacorporationofbothtradecreditandbank
credit.Meanwhile,underthesameconditions,the
manufacturerhasaboostinpayoffcomparedwith
Proposition4.1.Itindicatesthatthemanufacture
isinducedtosetatradecreditrateaslargeas
possible.

4.2 Tradecreditratert=0
Tobetterunderstandtheproductioncost

thresholdsc1,c2∈ 0,w  andProposition4.1,we
studyaspecialcase,inwhichtradecreditratert=
0.Theretailer’sobjectiveistomaximizehisprofit
byorderingthequantityq(θ),whichcanbe
expressedas
max
q

πR(q;θ)=E{[min(q,D)-
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θΔX(1+rb)-(1-θ)ΔX]+}
(3)

  Thecapital-constrainedretailer’soptimal
order quantity q* is given by F(q*) =
ΩF(k(q*)),whereΩ= 1+θrb  w .

The manufacturer acts as a Stackelberg
leader,andchoosesanoptimalcreditproportion
bysolving
max

θ
πM(θ,(q*(θ))=          

E{min{[min(q*(θ),D)-θΔX(1+rb)]+,
(1-θ)ΔX}-[θΔX(1+rb)-min(q*(θ),D)]++

B+θΔX-cq*(θ)} (4)
  Thereexistc1,c2∈(-∞,w),c1<c2,where
c1andc2satisfy

c1=w-Ω
1-

ΔX
wq*(θ)H

(q*(θ))

1-H(k(θ))
and

c2=c1+ΩF(k(θ))
1-

ΔX
wq*(θ)H

(q*(θ))

1-H(k(θ))
respectively.

Wefindthatc1,c2 ∈ (-∞,w)dependson
demanddistribution,initialcapitalandbankrate.
Itimpliesjointlyoperationalandfinancialdecisions
forthemanufacture.Forinstance,ifc1>0,c2>0
andc∈ (c1,c2],themanufacturerwouldsetthe
optimalcreditrateθsatisfying

F(k(θ*))=1-
(w-c)[1-H(k(θ))]

Ω[1-
ΔX

wq*(θ)H
(q*(θ))]

.

5 Manufacturer’soptimaldecision
whenrt>rb

Sofar,wehavestudiedthecaseinwhich
tradecreditrateislessthanbankcreditrate.In
reality,whentheretailerssuchashousehold
appliancesdealersdon’thaveacreditrecord,the
tradecreditcontractmaychargearelativelyhigh
costinsomesituations.Thatis,themanufacturer
withtradecreditratesurpassesbankcreditrate.
Therefore,itisnon-trivialforustostudyan
inversescenariowherert>rb.Letw=0.8,B=

10,andTab.2presentstheresultsfromuniform
distributionwiththeparameter(0,100).
Tab.2 Themanufacturer’spayoffwhenrb=0.03andrt=0.07

θ
c

0.5 0.56 0.62 0.68 0.74 0.8

0 6.096 4.919 3.743 2.566 1.3890.213*

0.1 6.361 5.123 3.884 2.6461.408* 0.169

0.2 6.597 5.300 4.002 2.704 1.406 0.108

0.3 6.806 5.451 4.096 2.741 1.386 0.031

0.4 6.990 5.580 4.170 2.760 1.349-0.061

0.5 7.151 5.687 4.2242.761* 1.298-0.166

0.6 7.290 5.775 4.261 2.746 1.231-0.283

0.7 7.409 5.845 4.281 2.717 1.152-0.412

0.8 7.509 5.8974.285* 2.673 1.061-0.551

0.9 7.592 5.934 4.276 2.617 0.959-0.699

1.0 7.659*5.956* 4.253 2.550 0.846-0.857

 [Note]Figureswith*isthemaximumprofit.

Givenrb =0.03andrt =0.07,Tab.2shows
thatthemanufacturer’spayoffunderdifferent
productcostsandcreditproportions.Wecan
obtaintheoptimalpayoffforeachproductcost.
Whencislower,the manufacturer’soptimal
creditproportionsatisfiesθ* =1.Whencis
larger,themanufacturersetsθ* =0togetthe
optimal payoff. Therefore, we propose the
manufacturer’soptimaldecisionasfollows.

Proposition5.1 Incasewherert>rb,there
existsc1,c2∈ 0,w  ,suchthatthemanufacturer
choosestheoptimalcreditrateθtosatisfy

①c∈(0,c1],θ*=0;
②c∈(c1,c2],theoptimalθ*satisfiesθ* ∈

(0,1);
③c∈ c2, w],θ*=1.
Fromtheabovenumericalexamples,wefind

that,whencislarger,the manufacturersets
optimalcreditproportionθ* ∈ (0,1),whichis
differentfromProposition4.1.WepresentTab.3
fromw=0.8,B=10uniformdistributionwiththe
parameter(0,100).DifferentfromProposition5.1,
whencislarger,themanufacturersetsoptimal
creditproportionθ* ∈(0,1).
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Tab.3 Themanufacturer’spayoffwhenrb=0.03andrt=0.08

θ
c

0.5 0.56 0.62 0.68 0.74 0.8

0 5.259 4.249 3.238 2.228 1.218 0.207

0.1 5.687 4.592 3.496 2.400 1.3050.209*

0.2 6.062 4.885 3.708 2.532 1.355 0.179

0.3 6.388 5.134 3.881 2.6271.374* 0.120

0.4 6.671 5.344 4.017 2.690 1.364 0.037

0.5 6.914 5.518 4.121 2.724 1.328-0.069

0.6 7.122 5.659 4.1962.732* 1.269-0.194

0.7 7.298 5.771 4.244 2.717 1.190-0.338

0.8 7.445 5.856 4.268 2.680 1.092-0.497

0.9 7.564 5.9174.270* 2.623 0.977-0.670

1.0 7.659*5.956* 4.253 2.550 0.846-0.857

 [Note]Figureswith*isthemaximumprofit.

Corollary5.1 Ifrtisrelativelylargerthan
rb,thereexistsc2>w .Forrt>rb,thereexist
c1 ∈ 0,w  .Themanufacturerwouldsetthe
optimalcreditrateθsatisfying

①c∈(0,c1],θ*=0;
②c∈(c1,w],theoptimalθ*satisfiesθ* ∈

(0,1).

6 Conclusion
Thispaperinvestigatesanincorporationof

bankandtradecreditsinasupplychainwherea
capital constrained retailer faces demand
uncertainty.Themanufacturerhastheincentiveto
offeracreditfortheretailer’sloanfromthebank.
Wefirsttheoreticallycharacterizetheoptimal
creditproportionintwoscenarioswherethetrade
creditrateislargerthanbankcreditrate,orvice
versa. We then use numerical examples to
hypotheticallytestthecorrectnessoftwocases.

Ourpapercontributestotheliteraturein
severalways.First,weproposearisksharing
mechanism in Stackelberg games where the
manufacturerteamsupwiththebanktoprovide
theloan whichequalsthecapitalgaptothe
retailer.The manufacturerprovidesthecredit
guaranteeforretailersifbankruptcyoccurs.We

complementthepresentresearchbycombining
bankfinancingandsupplierfinancing.Second,we
showthatasasupplychainmechanism,acredit
proportionbetweenbankcreditandtradecredit
optimizessupply chain efficiency.Third,our
modelshowstheequilibrium creditproportion
whenthe wholesale priceis assumed to be
exogenouslygiven.

Wehavefoundseveralresultstoextendthe
relatedliterature.First,althoughpriorresearch
hasbeendevotedtoidentifyingtheconditional
advantagesoftwodistinctfinancingpolicies,trade
creditandbankcredit,theretailerwithafinancial
constraintandthe manufacturer mayhavethe
incentivetoachieveadvantagebyincorporatingthe
twopoliciessimultaneously.

Second,conditionalonatradecreditcontract,
weproposearisksharing mechanism forthe
suppliertoskimthefinancialrisktothebank.
Intuitively,thesuppliermayfacetheriskofthe
retailer’sbankruptcy,andhasapossibilitynotto
obtaintheaccountreceivablefromtheretailer.In
thisperspective,thesupplierintendstosharethe
financialriskwiththebank.Acreditproportionis
suggestedtomaximizehisprofitinthepresenceof
demanduncertainty.

Third,thispaperoffersthemanufactureran
intuition to make financing decisions under
differentdemanddistributions,initialcapitaland
bank rate. Weintroduce two thresholds of
productioncostc1andc2 whichreflectdifferent
productionsituations.Basedonthevaluesofc1and
c2,themanufacturercaneffectivelydecidethe
optimalfinancingstrategies.Inthisarticle,the
wholesalepricewisassumedtobeexogenously
given.Ifthereexistsanendogenouswholesale
pricew ,theoptimaldecisionissmallerthancredit
ratewithanexogenouswholesaleprice.

Thispapercanbeextendedalongseveral
possibleorientations.First,thewholesalepricew
is assumed to be exogenously given. The
assumptioniswelladoptedintheexistingrelated
literature.Nevertheless,itisafutureresearch
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territorytomakethewholesalepriceendogenous
and then utilize it to explore additional
conclusions.Second,competitionamongmultiple
suppliersandmultipleretailerscouldbefeasible.
Finally,weassumethatalltheinstitutionsinthe
monetary marketarerisk-neutral.Apparently,
differentassumptionsontheattitudetoriskmay
resultindifferentoptimaldecisions.
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Appendix
A1 ProofofProposition3.1

Part1 Letk(θ)=θΔX(1+rb)+ 1-θ  ΔX(1+rt),then

πR(q;θ)=E{[min(q,D)-θΔX(1+rb)-(1-θ)ΔX(1+rt)]+}=∫
+∞

k(θ)
[min(q,D)-k(θ)]f(D)dD.

DifferentiatingπR(q;θ)withrespecttoqandcollectingterms,wehave
dπR(q;θ)
dq =Fq  - 1+θrb+(1-θ)rt  wFk  .

Theretailer’soptimalorderinglevelq* mustsatisfythefirst-ordercondition:

F(q*)= 1+θrb+(1-θ)rt  wF(k(q*)).
LetΩ= 1+θrb+(1-θ)rt  w ,thenF(q*)=ΩF(k(q*)).Wefurtherhave
d2πR(q;θ)
dq  2 q=q*

=-f(q*)+Ω2f(k(q*))=-F(q*)h(q*)+W2F(k(q*))h(k(q*))=

-F(q*)[h(q*)-Ωh(k(q*))]<0.
  Sinceh(x)isanincreasingfunctionofassumption,wehaveh(q*)>h(k(q*))>Ωh(k(q*)).

Therefore,d
2πR(q;θ)
dq  2 q=q*

<0andq*isthusunique.

Part2 InspectionofF(q*)=ΩF(k(q*))readilyrevealsthat

dq*

dθ =-
-[w(rb-rt)F(k(q*))-Ω(rb-rt)ΔXf(k(q*))]

-f(q*)+Ω2f(k(q*)) =

w(rb-rt)[k(q*)f(k(q*))-F(k(q*))]
f(q*)-Ω2f(k(q*)) .

  First,wewouldprovexf(x)<F(x).
Supposexf(x)<F(x),letgx  =xFx  ,then

g'x  =Fx  -xfx  <0,k(q*)F(k(q*))>q*F(q*)=Ωq*F(k(q*)).
  Wehavek(q*)>wq* 1+θrb+(1-θ)rt  acontradictiontotheinequalityabove.
Therefore,wemusthave

xf(x)<F(x),k(q*)f(k(q*))<F(k(q*)).
  Moreover,wehaveprovedf(q*)-Ω2f(k(q*))>0inPart1.

So,weget
dq*

dθ <0.

Part3 dkq*  
dθ =(rb-rt)ΔX+ w+θwrb+(1-θ)wrt  dq

*(θ)
dθ .

Wewillprove(rb-rt)ΔX+ w+θwrb+(1-θ)wrt  dq
*(θ)
dθ <0.

Becauseoffq*(θ)  -Ω2fkq*(θ)    >0,wejustprove
(rb-rt)ΔX[fq*(θ)  -Ω2fkq*(θ)    ]+

Ωw(rb-rt)[kq*(θ)  fkq*(θ)    -Fkq*(θ)    ]<0.
  Thefollowingresultsareshowed.

(rb-rt)ΔX[fq*(θ)  -Ω2fkq*(θ)    ]+
Ωw(rb-rt)[kq*(θ)  fkq*(θ)    -Fkq*(θ)    ]=
(rb-rt)ΔXfq*(θ)  -w(rb-rt)ΩFkq*(θ)    =
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(rb-rt)
q*(θ)

[wq*(θ)-B  q*(θ)fq*(θ)  -wq*(θ)Fq*(θ)  ]<0.

  Thus,dkq*  
dθ <0.

A2 ProofofProposition4.1
Wecanshowthat

πM(θ,q*(θ))=∫
θΔX(1+rb)

0
-[θΔX(1+rb)-min(q*(θ),D)]f(D)dD+

∫
+∞

θΔX(1+rb)
minmin(q*(θ),D)-θΔX(1+rb),(1-θ)ΔX(1+rt)  f(D)dD+B+θΔX-cq*(θ)=

∫
k(θ)

0
[min(q*(θ),D)-θΔX(1+rb)]f(D)dD+

∫
+∞

k(θ)
(1-θ)ΔX(1+rt)f(D)dD+B+θΔX-cq*(θ),

dπM(θ,q*(θ))
dθ =[ΔX(rb-rt)+[1+θrb+(1-θ)rt]w

dq*(θ)
dθ

]·

[F(k(θ))-
ΔXrb+(θwrb+c)dq

*(θ)
dθ

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

].

  Wecanhave

[ΔXrb+(θwrb+c)dq
*(θ)
dθ

]-[ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

]=

ΔXrt+[c-w-wrt(1-θ)]dq
*(θ)
dθ >0,

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ =

rb-rt

q*(θ)[fq*(θ)  -Ω2f(k(θ))]
[ΔXq*(θ)fq*(θ)  -wq*(θ)Fq*(θ)  ]<0.

  SinceΔX <wq*(θ)andq*(θ)fq*(θ)  <Fq*(θ)  .

ForΔXrb + (θwrb +c)dq
*(θ)
dθ

,wecan’tjudgeitsvalue.Therefore,weassumethatexist

c1c1∈(-∞,w)  satisfiesΔXrb+ θwrb+c1  dq
*(θ)
dθ =0.

LetG(A)=ΔXrb+ θwrb+A  dq
*(θ)
dθ

,wecanhave

dG(A)
dA =

dq*(θ)
dθ <0.

  Case1 c1>0.
(a)Whenc∈ 0, c1],

G(c)=ΔXrb+(θwrb+c)dq
*(θ)
dθ >0.

  Thereexist
dπM(θ,q*(θ))

dθ <0,θ*=0.

(b)Whenc∈(c1,w),G(c)=ΔXrb+(θwrb+c)dq
*(θ)
dθ <0.

Inthisway,wecanget

804 中国科学技术大学学报 第49卷



dπM(θ,q*(θ))
dθ =[ΔX(rb-rt)+[1+θrb+(1-θ)rt]w

dq*(θ)
dθ

](F(k(θ))-1)+(w-c)dq
*(θ)
dθ -

[rtΔX-(1-θ)wrt
dq*(θ)
dθ

].

  Let

K(A)=[ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

](F(k(θ))-1)+(w-A)dq
*(θ)
dθ -

[rtΔX-(1-θ)wrt
dq*(θ)
dθ

],

wecanhavedK
(A)
dA =-

dq*(θ)
dθ >0.

Therefore,thereexistc2c2∈(c1,w)  satisfies

∀θ∈ 0,1  ,Kc2  =0∵Kc2  =0,K(c1)<0,
dK(A)
dA >0,∴c1<c2  .

  (b1)Whenc∈(c2,w),∀θ∈[0,1],
dπM(θ)
dθ =K(c)>Kc2  =0.

Theoptimalθ*satisfiesθ*=1.
(b2)Whenc∈ c1, c2],itispossiblythat

dπM(θ,q*(θ))
dθ =0.

  Theoptimalθ*satisfies

F(k(θ*))=
ΔXrb+(θwrb+c)dq

*(θ)
dθ

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

.

  Itisassumedthat
d2πM(θ,q*(θ))

d(θ)2 <0.

Case2 c1<0.

Whenc∈(0,w),ΔXrb+ θwrb+c1  dq
*(θ)
dθ <0.

Case2.1 c2>0.
(a)Whenc∈(c2,w),∀θ∈[0,1],

dπM(θ,q*(θ))
dθ =K(c)>Kc2  =0.

  Theoptimalθ*satisfiesθ*=1.
(b)Whenc∈ 0, c2],itispossiblythat

dπM(θ,q*(θ))
dθ =0.

  Theoptimalθ*satisfies

F(k(θ*))=
ΔXrb+(θwrb+c)dq

*(θ)
dθ

ΔX(rb-rt)+[1+θrb+(1-θ)rt]w
dq*(θ)
dθ

.

  Case2.2 c2<0.
(b1) Whenc∈(0,w),∀θ∈[0,1],
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dπM(θ,q*(θ))
dθ =K(c)>Kc2  =0.

  Theoptimalθ*satisfiesθ*=1.
A3 ProofofCorollary5.1

πM(θ,q*(θ))=∫
k(θ)

0
[min(q*(θ),D)-θΔX(1+rb)]f(D)dD+

∫
+∞

k(θ)
(1-θ)ΔXf(D)dD+B+θΔX-cq*(θ)

dπM(θ,q*(θ))
dθ =

[rbΔX+(w+θwrb)
dq*(θ)
dθ

](F(k(θ))-1)+(w-c)dq
*(θ)
dθ .

  Let

K(A)=[rbΔX+(w+θwrb)
dq*(θ)
dθ

](F(k(θ))-1)+(w-A)dq
*(θ)
dθ .

Wecanhave∀θ∈[0,1],K(w)>0,
dK(A)
dA =-

dq*(θ)
dθ >0.

Therefore,thereexistc2c2∈(-∞,w)  satisfies∀θ∈[0,1],

Kc2  =[rbΔX+(w+θwrb)
dq*(θ)
dθ

](F(k(θ))-1)+(w-c2)
dq*(θ)
dθ =0.

Namely,

Ω(F(k(θ))-1)[
ΔX

wq*(θ)H
(q*(θ))-1]+(w-c2)[H(k(θ))-1]=0,

c2=w-Ω1-F(k(θ))  
1-

ΔX
wq*(θ)H

(q*(θ))

1-H(k(θ)) .

  Case1 c2<0.
Whenc∈(0,w),∀θ∈[0,1],

dπM(θ,q*(θ))
dθ =K(c)>0.

  Theoptimalθ*satisfiesθ*=1.
Case2 c2>0.

(a)c∈(c2,w),
dπM(θ,q*(θ))

dθ >0,theoptimalθ*satisfiesθ*=1.

(b)Whenc∈ 0, c2],itispossiblythat
dπM(θ,q*(θ))

dθ =0.

dπM(θ,q*(θ))
dθ =[rbΔX+(w+θwrb)

dq*(θ)
dθ

][F(k(θ))-
rbΔX+(c+θwrb)

dq*(θ)
dθ

rbΔX+(w+θwrb)
dq*(θ)
dθ

].

ForrbΔX+(c+θwrb)
dq*(θ)
dθ

,wecan’tjudgeitsvalue.ItdependsonrandBanddemanddistribution.

Let

G(A)=rbΔX+(c+θwrb)
dq*(θ)
dθ .

Wecanhave
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G(w)<0,
dG(A)
dA =

dq*(θ)
dθ <0.

  Therefore,thereexistc1c1∈ -∞,c2    satisfies

G(c1)=rbΔX+ c1+θwrb  dq
*(θ)
dθ =0∵Kc2  =0,K(c1)<0,

dK(A)
dA >0,∴c1<c2  

c1=w-

ΔX
wq*(θ)q

*(θ)f(q*(θ))-Fq*(θ)  

kf(k(θ))-F(k(θ))
=w-Ω

1-
ΔX

wq*(θ)H
(q*(θ))

1-H(k(θ))
,

c2=c1+ΩF(k(θ))
1-

ΔX
wq*(θ)H

(q*(θ))

1-H(k(θ)) .

  Case2.1 c1>0.
(b1)Whenc∈ 0, c1],∀θ∈[0,1],wehave

rΔX+ c+θwr  dq
*(θ)
dθ >rΔX+ w+θwr  dq

*(θ)
dθ >0.

Theremustexist
dπM(θ,q*(θ))

dθ <0.

Theoptimalθ*satisfiesθ*=0.
(b2)Whenc∈ c1, c2],

rbΔX+(c+θwrb)
dq*(θ)
dθ ≤0,

rbΔX+(c+θwrb)
dq*(θ)
dθ

rbΔX+(w+θwrb)
dq*(θ)
dθ

<1.

Thereexist
dπM(θ,q*(θ))

dθ =0.

Theoptimalθ*satisfies

F(k(θ*))=1-
(w-c)[1-H(k(θ))]

Ω[1-
ΔX

wq*(θ)H
(q*(θ))]

.

  Case2.2 c1<0.
Whenc∈ 0, c2],

rbΔX+(c+θwrb)
dq*(θ)
dθ <0.

Thereexist
dπM(θ,q*(θ))

dθ =0.

Theoptimalθ*satisfies

F(k(θ*))=1-
(w-c)[1-H(k(θ))]

Ω[1-
ΔX

wq*(θ)H
(q*(θ))]

.
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