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ABSTRACT

Therearecircumstancesthatonefirmwilloutsource(purchase)productstoitscompetitorinthe
commonmarketwhenexperiencinganunexpectedsupplydisruption.Suchstrategiestohedgeagainst
theunexpectedsupplydisruptioncommonlysuffersfromthehigherwholesalepricechargedbyits
competitoralthoughithelpsmaintainitspresenceonthemarket.Itscompetitoralsoisconcerned
aboutencroachmenttoselltheproductstothefirmasarivalinthecommonmarket.Mathematical
modelsareformulatedtomaximizeeachparty’sprofitinbothcasesofoutsourcingandnotoutsourcing
underdecentralizationandcentralization.Theresultsshowthatbothpartiesbenefitfromthestrategy
ofoutsourcingatthetimeofdisruption.Moreinterestingly,theresultsalsoshowthatthecompetitor’s
centralizeddecision-makingispreferred.

KeywORDS
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INTRODUCTION

Withtheincreaseofoffshoring,globalizationanddemanduncertainty,supplyshortageanddisruption
riskhavebecomethepressing issues insupplychains.Thesekindsof issueshavebecomemore
severefollowingexternalfactors(forinstance,naturaldisasters),orinternalfactors(e.g.,machine
breakdowns).The typical examples are automotivemanufacturers afterMarch11,2011Tohoku
earthquakeofftheeasterncoastofJapan–Over400partsinToyotawereinimmediateshortageand
productioncapacitywasreducedfor6monthsfollowingthedisaster(Tabuchi,2011).Moreover,a
recentexplosionattheproductionplantofEvonik,abigsupplierofaspecialtyresinforautoparts
inGermany, ledtosignificant inventoryshortfalls(BennettandHromadko,2012).Similarly, the
floodinginThailandhurtthesupplyofdiskdrivesandrelatedcomponentsfromIntel(Clark,2012b).
SamsungmitigatedthesupplyshortagethroughoutsourcingtheGalaxyS4’sprocessortoitsrival
chipmakerQualcomminseveralcountrieswhenitcouldn’tproduceenoughofitsownExynos5
Octaprocessor(Nguyen,2013).Clearly,outsourcingproductstocompetitorscanmitigatethesupply
shortageanddisruptionrisk.

Outsourcingproductstocompetitorsisinfashioninmanyindustries.Forexample,FordProbe
isproducedbyMazdaMotorCo.andthencompetesagainstMX-6inthesportscarmarket;Zenith
Electronics builds laptop PCs for Hewlett-Packard; and Lockheed produces parts for Boeing’s
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commercial aircraft (Spiegel, 1993). Apparently, these outsourcing strategies directly affect the
profitsofthesourcingcompaniesandtheircompetitors.Whencompaniesfacethesupplyshortage
anddisruptionrisk,whether theywouldoutsourceproducts to theircompetitorsandcompetitors
wouldprovideproductstohelphedgeagainstthedisruptionorshortageshouldbeevaluated.Sofar
previousresearchhasshedlittlelightonthestrategiesofoutsourcingtocompetitorsinthecommon
markettohedgeagainstthesupplyshortageordisruptionrisk.Weaimtofillthisgapintheliterature.

Inthisstudy,therearetwofirmsFirm1andFirm2todelivertheperfectsubstitutableproducts
tothecommonmarket.Firm1issteadywithenoughcapacitywhileFirm2mayexperienceunexpected
supplydisruption.Whenthepotentialdisruptivefirmexperiencestheunexpectedsupplydisruption,
itcanchooseeithertopurchasetheproductsfromFirm1tostillmaintainitspresenceonthemarket
ornottopurchaseandjusttobeabsentfromthemarket.Webuildmathematicalmodelstostudythe
steadyfirm’sincentivestochooseitssupplychainstructure(centralizedordecentralized)andthe
potentialdisruptivefirm’sstrategicoutsourcingdecisions(outsourcingornot)atthetimeofdisruption.
We examine how the steady firm’s supply chain structure and the potential disruptive firm’s
outsourcingstrategiesaffectbothfirms’performanceinthepresenceofthedisruptionriskλ .Based
onthefirms’performance,howshouldthesteadyfirmmakethedecisioninitssupplychainstructure
andthepotentialdisruptivefirmmakethedecisioninoutsourcing?Specifically,weconsidertwo
competitors in the common market. They involve in the Cournot competition with perfect
substitutability.Firm2facestheunexpectedsupplydisruptionriskwhileFirm1hasamplesteady
supply.Whensupplydisruptionoccurs,Firm1canchoosewhethertooutsourceproductsfromits
competitor tobeat thesupplyshortagebasedon thesourcingagreementbetween themornot to
outsourceandbeabsentfromthemarket.Theobjectiveofthesetwocompetitorsistomaximizetheir
ownprofits.Wetrytoanswerthefollowingresearchquestions:1)Willitpurchasetheproductsfrom
Firm1whenFirm2experiencesthedisruption?2)HowwillFirm1makethedecisioninitssupply
chainstructure,centralizeddecisionmakingbysellingitsproductstothemarketdirectlyonitsown
ordecentralizeddecisionmakingbysellingthroughanindependentretailer?

Ourresultsdeliverseveralinsights.First,wedemonstratethatbothcompetitorshaveincentives
tocreateoutsourcingagreementsforthepotentialdisruptivefirm(Firm2)topurchasetheproducts
fromthesteadyfirm(Firm1)intheeventofsupplydisruption.Thatistosay,outsourcingbenefits
notonlythedisruptivepartybutalsoitscompetitorwhomitwillpurchaseproductsfromatthetime
ofdisruption.Fromthedisruptiveparty’sstandpoint,thestrategicoutsourcingnotonlymaintainsits
presenceonthemarketintheeventofdisruptionbutalsoachievesahigherprofitcomparedtonot
outsourcingfromitscompetitor.FromitscompetitorFirm1’sstandpoint,thestrategicoutsourcingof
Firm2intheeventofdisruptionoffersanopportunityforFirm1toachieveahigherprofit.Therefore,
thestrategicoutsourcingtohedgeagainstthedisruptionriskcancreateawin-winsituation.Secondly,
wefindthatFirm1willearnahigherprofitinthecentralizeddecisionmaking.Inotherwords,itis
preferredforthesteadyfirmtodeliveritsproductstothemarketthroughacentralizedsupplychain.

Related Literature
Thestrategiestomanagetheriskofuncertainsupplyhavebeenextensivelyexploredintheexisting
disruptionmanagementliterature.AmongthetypicalexamplesareHuandKostamis(2014),Tomlin
andWang(2011),Tomlin(2009),FedergruenandYang(2008),Yangetal.(2009),Wadeckietal.
(2012),YangandVolodymyr(2015),Ang,Iancu,andSwinney(2017)andDemirel,Kapuscinskiand
Yu(2018).Whenweconsidertheissueofrisksinthesupplyuncertainty,ourworkisparticularly
relatedtothemodelswithoutsourcingtothecompetitorswithcertainsupplyinthecommonmarket
tohedgeagainsttheriskofuncertainsupply.

Traditionally thereare twogeneralapproaches tobuild themodelofuncertainsupply: the
randomyieldmodel,assumingthattheoutputlevelisarandomfunctionoftheinputvariables
(HenigandGerchak,1990;KouvelisandLi,2013;YangandVolodymyr,2015;Ang,Iancu,and
Swinney,2017),andthetotalsupplydisruptionmodel,assumingthat it is the“all-or-nothing”
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form(Huetal.2013;Tomlin2006).Weadoptthetotaldisruptionmodelinwhichthesupplyis
fullyfulfilled,ornothingisfulfilled.

Fromthecategoryofoutsourcing,Arya,MittendorfandSappington(2008)consideredthatthe
monopolisticsupplierservedtheretailer’srivalinthecommonmarketwhiletheretailercaneither
maketheproductsinhouseoroutsourcetheproductsfromthemonopolisticsupplier.Theirresults
showedthattheretailermaypayapremiumtooutsourceproductionfromacommonsupplierinorder
toraiseitsrivals’costsonlywhenthesupplieristheleast-costproduceroftheproducts.Incontrast
totheirmodels,weconsiderbothfirmshavethesamemarginalcoststhroughtheirownchannels,
amongwhichonefirmissteadywithenoughcapacitywhiletheotheronemayexperienceunexpected
supplydisruption.Ourresultsshowthatintheeventofsupplydisruption,thedisruptivefirmwould
alwayspayapremiumtooutsourcetheproductsfromhercompetitorevenifhercompetitorisnot
theleast-costproduceroftheproducts.

Fromthecategoryofdecentralization,Arya,MittendorfandYoon(2008)demonstratedthatthe
manufacturercanbenefitfromhisdecentralizedcontrolofhisretailsupplychainwhenheprovides
theproductstohisrivalinthecommonmarket.Ourmodeldiffersfromtheirmodelinthatthesteady
firmprovidestheproducttohisrivalwithpotentialsupplydisruptioninthecommonmarketonly
whenhisrivalexperiencesunexpecteddisruption.Ourresultsshowthat thesteadyfirmactually
benefitsfromhiscentralizedcontrolofhisretailsupplychain.Thatis,thecentralizedcontrolofhis
retailsupplychainispreferred.

Fromthecategoryofstrategiestomitigatetheriskofuncertainsupply,ChenandGuo(2014)
investigatedtheincentivesforthefocalfirmoftwocompetitorstoadoptthedual-sourcingstrategy
inthecaseofsupplyuncertainty:commonsupplierandalternativesupplier.Theyfoundthatthefocal
firm’sdual-sourcingstrategytohedgeagainstsupplydisruptionriskcancreateawin-winsituation
thatleadstoincreaseretailpricesandexpectedprofitsforbothfirms.Ourmodeldiffersfromtheirs:
ononehand,weassumethatweadoptthetotaldisruptionmodeltodescribethesupplyuncertainty
whiletheyadoptedthesimplerandomyieldmodel;ontheotherhand,intheirmodel,oneofthetwo
suppliersiscommonforthetwocompetitorsandtheotheroneisalternativeonlyforthefocalfirm.
Comparedtotheirmodel,ourmodelassumesthatoneoftwocompetitorshaveasteadysupplywhile
theotheronemayexperienceanunexpecteddisruptionwithrate λ .Thesteadycompetitorcan
providetheproductstoitsrivalwhenitsrivalexperiencesthedisruption.Wefindthatthiskindof
outsourcingstrategytohedgeagainstthesupplydisruptionriskcanalsocreateawin-winsituation
thatleadstoincreaseexpectedprofitsforbothcompetitors.

Tomitigatetheriskofsupplydisruption,YangandVolodymyr(2015)incorporatetheservice
ofabetter-informedprocurementserviceprovider(PSP)intothestudy.Theyconcludethathiringa
PSPcannotsolvetheproblemofanunreliablesupplybase.Ourstudyproposesadifferentstrategy-
sourcingfromthereliablecompetitortomitigatetheriskofsupplydisruption.

Tosummarize,ourmodelis,tothebestofourknowledge,amongthefirsttoexplorethestrategyof
outsourcingtocompetitorsatthesameproductioncoststohedgeagainstdisruptivesupply,centralized
controltobenefitthefirmandthefirsttoconsiderhowoutsourcingtocompetitorstohedgeagainst
supplydisruptioncreatesawin-winsituationbyappropriatelywholesalepricecontracts.

Model
Inourstudy,weconsidersupplychainmodelsconsistingoftwofirmssellingtheirproductsinthe
end consumer market. These two firms, labeled as Firm 1 and Firm 2, involve in the Cournot
competition.Theydiffer intheirsupplyreliability.WhileFirm1hasreliablesupplyandenough
manufacturing capacity, Firm 2 has the probability 1−λ  to supply the expected quantity and

probabilityλ tosupplyzeroduetotheunexpecteddisruption.Weassumeλ ≤ 1
2

toindicatethat

Firm 2 will not involve in the competition if the supply disruption is significant. When supply
disruptionoccurs,Firm2caneitherpurchasetheproductsfromFirm1tocontinuetomaintainits
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presenceonthemarketornotpurchasefromFirm1andthenFirm1willmonopolythemarket.In
otherwords,Firm2canmakeachoicebetweenadoptinganoutsourcingstrategytoitsrivalFirm1
tocontinuethebusinessandnotadoptingtheoutsourcingstrategytobeabsentfromthemarketwhen
supplydisruptionoccurs.

Throughoutthestudy,weassumethat1)firmsareriskneutral;2)themarginalcoststoproduce
theproductsinbothfirmsarethesame;and3)bothfirmshavethecommonknowledgeabouteach
other’ssupplyrates.Eachfirmoptimallychoosesitsquantity,anticipatingitsrival’saction.Inthe
followingparagraphs,wedescribethesetwofirms’competitionindetail.

Tosimplifyourexposition,wealsoassumethattheproductsfrombothfirmsarehomogeneous.
Consumerdemandisrepresentedbyalinear,downward-slopingdemandfunction p a q q= − −

1 2
,

wherep istheretailpriceoftheproductsonthemarketandq
i
isthequantityoftheproductdelivered

byFirm i i( , )= 1 2 .Especially,ifFirm2experiencessupplydisruptionanddoesnotoutsourcethe
productsfromFirm1,thenq

2
0= .

Giventhismodelingframework,wefirststudythecasethatFirm1isacentraldecisionmaker
andsellsitsproductsthroughitscentralizedsupplychaininSection3.1.Followingthis,westudy
thecasethatFirm1isadecentralizeddecisionmakerandsellsITsproductsthrougharetailerinits
decentralizedsupplychain.MathematicalnotationsaresummarizedinTable1.

Outcomes in the Equilibrium When Firm 1 is a Central Decision Maker
In thissubsection,weconsider thescenario thatFirm1 isacentraldecisionmakerandsells its
productstothemarketthroughitscentralizedsupplychain.Figure1showsthesequencesofevents
inthisscenario.Asshowninthefigure,Firm1announcesthewholesalepriceperunitforFirm2
topurchaseproductsfromhiminthecaseofsupplydisruption.Followingtheannouncement,Firm
2decidestopurchasetohedgeagainstthesupplyuncertaintyornot.ThenbothFirm1andFirm2
decidethequantitiesoftheproducttodelivertothecommonmarket,respectively.Inthecontextof
Firm2’sdecisionofpurchasingproductsfromFirm1whendisruptionoccurs,Firm2willdeliverits
ownproductstothemarketwhenitssupplyissmoothwhileitwillpurchasetheproductfromFirm
1whenitexperiencesthesupplydisruption.Finally,bothfirmsinvolveintheCournotcompetition
andthemarketclearsbasedonthequantitiesofproductsfrombothfirms.InthecontextofFirm2’s
decisionofnotpurchasingproductsfromFirm1,Firm2willnotprovidetheproducttothemarket
whenitexperiencesthesupplydisruptionandthenFirm1willmonopolythemarket.Themarket
clearsbasedonthequantitiesfromFirm1.However,bothfirmsinvolveintheCournotcompetition
whenFirm2doesnotexperiencethesupplydisruptionandthemarketclearsbasedonthequantities
ofproductsfrombothfirms.

ToanalyzewhetherFirm2wouldpurchasetheproductsfromitsrivalFirm1ornotinthecase
ofitssupplydisruption,wefirstobtaintheoutcomesthatfollowFirm2’sdecisionnottopurchase
whenitexperiencesthesupplydisruptioninSubsection3.1.1.Thenwederivetheoutcomesthat
followFirm2’sdecisiontopurchasewhensupplydisruptionoccurs.Wecharacterizetheequilibrium
outcomeswhenFirm1isacentralizeddecisionmakerinacentralizedsupplychain.

The Regime in Firm 2’s Decision of Not Purchasing From 
Firm 1 at the Time of its Supply Disruption
Inthissubsection,weconsidertheregimethatitdoesnotpurchasetheproductsfromtherivalFirm
1whenFirm2experiencessupplydisruption.

BasedonthesequencesoftheeventsinFigure1,followingFirm1’sannouncedwholesaleprice
w forFirm2topurchase,Firm2decidesnottopurchaseproductsinthecaseofsupplydisruption.
Followingthat,bothfirmswilloptimallydecidethequantitiesoftheproducttodelivertothemarket,
expectingtherival’srationalaction.Inotherwords,Firm1choosesitsoutputq f

1
tomaximizeits
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Table 1. Modeling notation

Variable/parameterDescription

a :Marketsize

c :Marginalproductioncost

λ :ProbabilitythatFirm2isdisruptedwithsupply“zero”

q
i
f :QuantitydeliveredbyFirm i i( , )= 1 2 whenFirm1isacentraldecisionmakerandFirm2doesnotpurchase

productsfromFirm1tohedgeagainstdisruption

π
i
f :Firm i i( , )= 1 2 ’sprofitwhenFirm1isacentraldecisionmakerandFirm2doesnotpurchaseproductsfrom

Firm1tohedgeagainstdisruption

q
i
p :QuantitydeliveredbyFirm i i( , )= 1 2 whenFirm1isacentraldecisionmakerandFirm2purchasesproducts

fromFirm1tohedgeagainstdisruption

π
i
p :Firm i i( , )= 1 2 ’sprofitwhenFirm1isacentraldecisionmakerandFirm2purchasesproductsfromFirm1to

hedgeagainstdisruption

w :WholesalepriceFirm1chargesFirm2whenFirm1isacentraldecisionmakerandFirm2purchasesproductsfrom
Firm1tohedgeagainstdisruption

q
jd
f :QuantitydeliveredbyFirm j j R( , )= 2 ’sretailerwhenFirm1isadecentralizeddecisionmakerandFirm2

doesnotpurchaseproductsfromFirm1tohedgeagainstdisruption

π
id
f :Firm i i( , )= 1 2 ’sprofitwhenFirm1isadecentralizeddecisionmakerandFirm2doesnotpurchaseproducts

fromFirm1tohedgeagainstdisruption

π
Rd
f :ProfitofFirm1’sretailerwhenFirm1isadecentralizeddecisionmakerandFirm2doesnotpurchaseproducts

fromFirm1tohedgeagainstdisruption

w
d
f :WholesalepriceFirm1chargesitsretailerwhenFirm1isadecentralizeddecisionmakerandFirm2doesnot

purchaseproductsfromFirm1tohedgeagainstdisruption

q
jd
p :QuantitydeliveredbyFirm j j R( , )= 2 ’sretailerwhenFirm1isadecentralizeddecisionmakerandFirm2

purchasesproductsfromFirm1tohedgeagainstdisruption

π
id
p :Firm i i( , )= 1 2 ’sprofitwhenFirm1isadecentralizeddecisionmakerandFirm2purchasesproductsfrom

Firm1tohedgeagainstdisruption

π
Rd
p :ProfitofFirm1’sretailerwhenFirm1isadecentralizeddecisionmakerandFirm2purchasesproductsfrom

Firm1tohedgeagainstdisruption

w
d
p :WholesalepriceFirm1chargesitsretailerandFirm2whenFirm1isadecentralizeddecisionmakerandFirm2

purchasesproductsfromFirm1tohedgeagainstdisruption



International Journal of Operations Research and Information Systems
Volume 10 • Issue 1 • January-March 2019

6

profitgivenbothfirms’unitproductioncostc andFirm2’soutputq f
2

.Mathematically,itsprofit
π
1
f canbeformulatedasfollowsin(1):

π λ λ
1 1 2 1 1 1

1f f f f f fa q q c q a q c q= − − − − + − −( )( ) ( )  (1)

InEquation(1),a q qf f− −
1 2

representstheproduct’spricetoclearthequantityonthemarket
basedontheCournotModel(Qin,2013)whenbothfirmsdelivertheproductstothemarketaslong
asFirm2hasnodisruption.Therefore a q q cf f− − −

1 2
 represents thenetprofit perunit of the

product.a q cf− −
1

representsthenetprofitperunitoftheproductwhenonlyFirm1deliversthe
productstothemarketunderthecasethatFirm2disruptsanddoesnotoutsourcetoFirm1.Therefore,
thewholeequation(1)representstheexpectedprofitofFirm1.

Similarly,Firm2’sprofitπ
2
f asfollowsin(2):

π λ
2 1 2 2

1f f f fa q q c q= −( ) − − −( )  (2)

Equation(2)showsthatFirm2obtainprofitsonlywhenFirm2hasnodisruption.
Jointlysolving(1)and(2),theoptimalquantityq f

1
* ofFirm1andq f

2
* ofFirm2tomaximize

theirprofitsareasfollowsin(3)and(4),respectively:

Figure 1. Sequence of events when firm 1 is a central decision maker
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q
a cf

1

1

3
* ( )( )
=

+ −
+
λ
λ

 (3)

q
a cf

2 3
* =

−
+λ

 (4)

Bysubstituting(3)intotheexpressionof(1),and(4)into(2),bothfirms’profitscanbeobtained
asin(5)and(6),respectively:

π λ
λ1

2

2

1
3

f a c
= +

−
+











( )  (5)

π λ
λ2

2

1
3

f a c
= −

−
+











( )  (6)

The Regime of Firm 2’s Decision of Purchasing From Firm 
1 at the Time of Firm 2’s Supply Disruption
Inthissubsection,weconsiderthepurchasingregimethatFirm2purchasesproductsfromtherival
Firm1whenitexperiencesthesupplydisruptionwhileitdoesnotpurchaseproductswhenitssupply
issmooth.Inthiscase,bothfirmsalwaysinvolveintheCournotcompetition.Thatis,Firm2does
notoutsourcetheproductsfromFirm1ifitssupplyissmoothanddeliverstheproductstothemarket
successfullywhileitwillpurchasetheproductsfromFirm1ifsupplydisruptionoccurstoFirm2.

AccordingtothesequenceoftheeventsinFigure1,followingFirm1’sannouncedwholesale
pricew forFirm2topurchaseinthecaseofsupplydisruption,Firm2decidestopurchasewhen
supplydisruptionoccurs.Followingthat,bothfirmswilloptimallydecidethequantitiesoftheproduct
todelivertothemarket,expectingtherival’srationalaction.Letq p

1
andqp

2
representthequantities

ofFirm1andFirm2’sproductstothemarket,respectivelyintheregimeofpurchasing,thenFirm
1’sprofitπ

1
p canbeformulatedasfollowsin(7):

π λ
1 1 2 1 2
p p p p pa q q c q w c q= − − −( ) + −( )  (7)

andsimilarly,Firm2’sprofitπ
2
p isasfollowsin(8):

π λ λ
2 1 2 2 2 2

1p p p p p pa q q q q c wq= − −( ) − − −( )  (8)

Jointlyperformingthemaximizationin(7)and(8),theoptimalquantitiesqp
1
* andqp

2
* ofFirm

1andFirm2asafunctionofthewholesalepriceareasfollowsin(9)and(10),respectively:

q
a c w cp

1 2
* ( )
=
− + −λ  (9)
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q
a c w cp

2

2

3
* ( )
=
− − −λ  (10)

Tokeepqp
2

0* ≥ ,itisnecessarythatw c
a c

− ≤
−
2λ

.

Bysubstituting(9)intotheexpressionof(7)and(10)into(8),bothfirms’profitscanbeobtained
asin(11)and(12),respectively:

π
λ λ

1

2 2 25 5

9
p a c a c w c w c
=

− + − − − −( ) ( )( ) ( )  (11)

π
λ

2

2
2

3
p a c w c
=

− − −









( ) ( )  (12)

Equilibrium Analysis When Firm 1 is a Central Decision Maker
Inthissection,wecharacterizetheequilibriumoutcomeswhenFirm1isacentraldecisionmaker.

LEMMA 1:Inthebasesetting,Firm2willpurchasetheproductsfromitscompetitorFirm1to
hedgeagainsttheunexpectedsupplydisruptionifandonlyif:

w c a c≤ + − −
−
+












( )

( )

1

2

3 1

2 3λ
λ

λ λ


Lemma1showsthatFirm2iswillingtopaythepremiumtobuytheproductfromitscompetitor
Firm1inthecaseofitssupplydisruption.Thepremiumitwouldpayisrelatedtothemarketsize,
marginalcostandhersupplydisruptionrate.

ConventionalwisdomadvisesthatFirm1wouldneversellitsproductstoitscompetitorFirm
2inthecommonmarketinordertomonopolythemarketifFirm2experiencesdisruptionandcan
notsupplyproducts.However,asProposition1reveals,thisviewfailstoconsiderhowthesaleof
productstoitscompetitorFirm2tohelpincreasehisprofit.

PROPOSITION 1: In thebase setting,Firm1will sell products to its competitorFirm2who
experiencesthesupplydisruptionatthewholesaleprice:

w c a c= + − −
−
+












( )

( )

1

2

3 1

2 3λ
λ

λ λ
 (13)

Byinserting(13)into(11):

π
λ λ

λ1

2

2

211 4

4 3
p a c=

+ +

+
−

( )
( )  (14)
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Proposition1indicatesthatFirm1iswillingtosellitsproductstothecompetitorFirm2tohelp
hedgeagainstsupplyshortagewhenFirm2experiencessupplydisruption.SinceFirm1’sprofit
expressedin(14)ishigherthanthatin(5),itismotivatedbythehigherprofitachievedinthissale.

Byinserting(13)into(9)and(10),respectively,then:

q

a c
p
1

3 1
1
3

4
*

( )

=

− −
−
+












λ
λ

 (15)

q a cp
2

1

3
* ( )=

−
+

−
λ
λ

 (16)

PROPOSITION 2:Seebelow:
(i) Underpurchasing,Firm2’sretailoutputislowerandprofitisthesamecomparedtothe

profitearnedundernopurchasing,i.e.,q qp f
2 2
* *< ,andπ π

2 2
p f= .

(ii)Underpurchasing,Firm1’sretailoutputislowerandprofitishighercomparedtotheprofit
earnedundernopurchasing,i.e.,q qp f

1 1
* *< ,andπ π

1 1
p f> .

Inmoredetails,bothofFirm1andFirm2deliveralowerquantitytothemarketinthepurchasing
regimethanintheno-purchasingregimebasedonthecomparisonbetween(3)and(15),(4)and
(16),respectively,whichsoftensthecompetitioninthemarketandleadtoahighermarketpricein
thepurchasingregimethanintheno-purchasing.BypurchasingproductsfromthecompetitorFirm
1,Firm2enjoysitspresencestillinthemarketwhenitgoesthrough“zero”supplydisruption.In
thiscase,Firm2’sprofitcomesfromtwoparts:1)theexpectedprofitfromitsowndeliveryofits
ownproductswithoutdisruptionand2)theexpectedprofitofthedeliveryofproductspurchased
fromFirm1underdisruption.ComparedtonopurchasingwhenFirm2experiencesdisruption,the
expectedprofitfromitsowndeliveryisdecreased.However,theexpectedprofitfromtheproducts
purchasedfromFirm1canoffsettheeffect.Therefore,Firm2’sprofitkeepsconstantunderboth
purchasingandnopurchasing1.

ItisalsoshownthatFirm1canearnahigherprofitifpurchasingexists(Firm1sellingproducts
toFirm2tohelphedgeagainstdisruption).WhenFirm2purchasestheproductfromFirm1in
thecaseofdisruption,Firm1’sprofitcomesfromtwopartsshownin(7):1)theprofitfromthe
retailmarketpresentedbythefirsttermin(7);2)thewholesaleprofitfromFirm2presentedbythe
secondtermin(7).Comparedto(7),Firm1’sprofitin(1)onlycomesfromtheretailmarketifFirm
2choosesnottopurchaseintheeventofdisruption.Bycomparing(1)tothefirsttermin(7),itis
knownthatFirm1willearnlessprofitfromtheretailmarketinthecontextofFirm2’spurchasing.
However,thewholesaleprofitfromFirm2underFirm2’spurchasingwilloffsetthisnegativeeffect
andfurtherincreasethetotalprofitofFirm1whenFirm2choosestopurchasefromFirm1tohedge
againstthesupplydisruption.

Outcomes in the Equilibrium When the Firm 1 is a Decentralized Decision Maker
Inthissubsection,weconsiderthescenariothatFirm1isadecentralizeddecisionmakerandsells
theproductsthroughanindependentretailer R .Figure2showsthesequencesofeventswhen
Firm1isadecentralizeddecisionmaker.Asshowninthefigure,Firm1willannouncethewholesale
priceperunittotheretailerandFirm2.Followingtheannouncement,Firm2willmakethedecision
inpurchasingtohedgeagainstherunexpectedsupplydisruptionornot.InthecontextofFirm2’s
decisionofpurchasingfromFirm1,boththeretailerandFirm2decidesthequantitiestodeliver
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tothemarket.WhenFirm2experiencesthesupplydisruption,itwillpurchasetheproductsfrom
Firm1andthendelivertothemarket.However,whenFirm2suppliestheproductssuccessfully,
itwillnotpurchasetheproductsfromFirm1.Finally,boththeretailerandFirm2involveinthe
Cournotcompetitionandthemarketclearsbasedonthequantitiesofproductsdeliveredbythe
retailerandFirm2.InthecontextofFirm2’sdecisionofnotpurchasingfromFirm1,theretailer
andFirm2willdecidethequantitiesofproductstodelivertothemarket.Thefinalstageisas
follows:Firm2willbeabsentfromthemarketwhenitexperiencesthesupplydisruptionandthen
theretailerwillmonopolythemarket.Themarketclearsbasedonthequantityofproductsdelivered
bytheretailer.However,boththeretailerandFirm2involveintheCournotcompetitionwhen
Firm2doesnotexperiencethesupplydisruptionandthemarketclearsbasedonthequantities
deliveredbybothparties.

ToanalyzewhetherFirm2wouldpurchasetheproductsfromtherivalFirm1ornotwhenshe
experiencessupplydisruption,we firstobtain theoutcomes that followFirm2’sdecisionnot to
purchasewhensupplydisruptionoccurs.ThenwederivetheoutcomesthatfollowFirm2’sdecision
topurchasewhensupplydisruptionoccurs.WecharacterizetheequilibriumoutcomeswhenFirm1is
adecentralizeddecisionmakersellinghisproductsthrougharetailerinadecentralizedsupplychain.

The Regime in Firm 2’s Decision of Not Purchasing From 
Firm 1 at the Time of Supply Disruption
Inthissubsection,weconsiderFirm2willnotpurchasetheproductsfromFirm1whenFirm2
experiencessupplydisruption.BasedonthesequencesoftheeventsinFigure2,followingFirm
1’sannouncedwholesaleprice,Firm2choosesnottopurchase.ThenboththeretailerandFirm2
decidetheoptimalquantitiestodelivertothemarket,respectively.Inthiscontext,Firm1’sretailer
monopoliesthemarketwhenFirm2experiencessupplydisruptionwhileboththeretailerandFirm

Figure 2. Sequence of events when firm 1 is a decentralized decision maker



International Journal of Operations Research and Information Systems
Volume 10 • Issue 1 • January-March 2019

11

2involveintheCournotcompetitionwhenFirm2smoothlydeliverstheproductstothemarket.
Therefore,mathematically,theretailer’sprofitcanbeformulatedasfollowsin(17):

π λ λ
Rd
f

Rd
f

d
f

d
f

Rd
f

Rd
f

d
f

Rd
fa q q w q a q w q= − − − −( ) + − −( )( )1

2
 (17)

Similarly,Firm2’sprofitcanbeformulatedasfollowsin(18):

π λ
2 2 2

1
d
f

Rd
f

d
f

d
fa q q c q= − − − −( )( )  (18)

Jointlysolving(17)and(18),theoptimalquantityoftheretailerandofFirm2tomaximizetheir
ownprofitsareasfollowsin(19)and(20),respectively:

q
a w c

Rd
f d

f
* ( ) ( )
=

+ − + −

+

1 2 1

3

λ λ

λ
 (19)

q
a w c

d
f d

f

2

2

3
* =

+ −

+λ
 (20)

Firm1’sprofitcanbeformulatedasfollowsin(21):

π
1d
f

d
f

Rd
fw c q= −( ) *  (21)

Byinserting(19)into(21)andbasedonthefirst-ordercondition,theoptimalwholesaleprice
announcedbyFirm1w

d
f * isobtainedasfollows:

w
a c

d
f * ( ) ( )
=

+ + −1 3

4

λ λ  (22)

Accordingly, theoptimalquantityof theretailerandFirm2areasfollowsin(23)and(24),
respectively:

q
a c

Rd
f * ( )( )

( )
=

+ −
+

1

2 3

λ
λ

 (23)

q
a c

d
f
2

5

4 3
* ( )( )

( )
=

+ −
+
λ
λ

 (24)

Byinserting(22),(23)and(24)into(17),(18)and(21),theprofitsoftheretailer,Firm2and
Firm1areasfollows,respectively:
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π
λ
λRd

f a c
=

+ −

+

( ) ( )

( )

1

4 3

2 2

2
 (25)

π
λ λ

λ2

2 2

2

1 5

16 3d
f a c
=

− + −

+

( )( ) ( )

( )
 (26)

π
λ

λ1

2 21

8 3d
f a c
=

+ −
+

( ) ( )

( )
 (27)

The Regime in Firm 2’s Decision of Purchasing From 
Firm 1 at the Time of Supply Disruption
Inthissubsection,weconsidertheregimethatFirm2purchasestheproductfromFirm1tohedge
againstthesupplyshortagewhenFirm2experiencesthesupplydisruption.Inthiscase,boththe
retailerandFirm2alwaysinvolvesintheCournotcompetitionregardlessofFirm2’spotential
supplydisruption.

AccordingtothesequencesoftheeventsinFigure2,followingFirm1’sannouncedwholesale
price,theretailerandFirm2decidesthequantitiesoftheproductstodelivertothemarket.Finally,
bothoftheretailerandFirm2involveintheCournotCompetition.Letq

Rd
p andq

d
p
2

representthe
quantitiesplannedbytheretailerandFirm2todelivertothemarket,respectively,thentheretailer’s
profitcanbeformulatedasfollowsin(28)andFirm2’sin(29):

π
Rd
p

Rd
p

d
p

d
p

Rd
pa q q w q= − − −( )2

 (28)

π λ λ
2 2 2 2 2

1
d
p

Rd
p

d
p

d
p

d
p

d
p
d
pa q q q cq w q= − −( ) − − −( )  (29)

Jointlyperformingthemaximizationof(28)and(29),theoptimalquantitiesoftheretailerand
Firm2areasfollowsin(30)and(31):

q
a c w c

Rd
p d

p
* ( )( )
=
− + − −λ 2

3
 (30)

q
a c w c

d
p d

p

2

1 2

3
* ( )( )
=
− + − −λ

 (31)

Byinserting(31)into(29),thenFirm2’sprofitisasin(32):

π
λ

2

2
1 2

3d
p d

pa c w c
=

− + − −











( )( )
 (32)

Similarly,Firm1’sprofitcanbeformulatedasfollowsin(33):
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π λ
1 2d
p

d
p

Rd
p

d
p

d
pw c q w c q= − + −( ) ( )* *  (33)

Byinserting(30)and(31)into(33),then:

π
λ λ λ

1

21 2 1

3d
p

d
p d

p

w c
a c w c

= −
+ − + − − −

( )
( )( ) ( )( )

 (34)

Equilibrium Analysis When Firm 1 is a Decentralized Decision Maker
Inthissection,wecharacterizetheequilibriumoutcomeswhenFirm1isadecentralizeddecision
maker.Thatis,Firm1sellsitsproductsthrougharetailerinadecentralizedsupplychaincompeting
withFirm2whoexperiencespotentialunexpectedsupplyriskinacommonmarket.Basedonthe
outcomesfromthescenariosthat1)Firm2doesnotpurchasetheproductsfromFirm1atthetime
ofFirm2experiencingsupplydisruptioninSubsection3.2.1;2)Firm2purchasestheproductsfrom
Firm1atthetimeofsupplydisruptioninSubsection3.2.2,whataretheequilibriumoutcomeswhen
Firm1sellsitsproductsthrougharetailerinadecentralizedsupplychain?

Lemma2showsustheconditionthatFirm2purchasestheproductfromFirm1tohedgeagainst
thesupplyshortagewhenitexperiencesthesupplydisruption.

LEMMA 2:When:

w c a c
d
p ≥ +

− + − +
+ −












−

+

3 1 5 4 3

4 3 1 2

λ λ λ
λ λ

( ) ( )

( )( )
( ) 

Firm 2 will purchase the product from Firm 1 at the time of its supply disruption, where
x x+ = max( , )0 .

Lemma2isconsistentwithFirm2’sprofitexpressedin(32)whichisincreasinginthewholesale
pricechargedbyFirm1.Thehigherthewholesalepriceis,thelowerthequantityfortheretailerto
delivertothemarketis,whichmitigatesthecompetition,sothehighernotonlythemarginprofit
earnedbyFirm2,butalsothequantityoftheproductsdeliveredbyFirm2.Therefore,theprofit
earnedbyFirm2inthe“purchasing”regimewillbehigherthanthatinthe“no-purchasing”regime
whenthewholesalepriceisbeyondathreshold.

NowwhatistheoptimalwholesalepriceforFirm1toannounce?Proposition3showstheanswer.

PROPOSITION 3:Inthebasesetting,Firm1willhelpFirm2tohedgeagainstthesupplydisruption
bysellingproductstoFirm2atthetimeofFirm2experiencingsupplydisruption:
(i)theoptimalwholesalepriceannouncedbyFirm1is:

w c a c
d
p* ( )

( )
( )= +

+

+ −
−

1

4 1 2

λ
λ λ

 (35)

(ii)Firm1’sprofitisasfollowsin(36):

π
λ

λ λ1

2

2

21

24 1d
p a c=

+

+ −
−

( )

( )
( )  (36)
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Proposition3indicatestheoptimalwholesalepricethatFirm1chargestosellitsproductstothe
retaileranditscompetitorFirm2tohelphedgeagainstsupplyshortagewhenFirm2experiences
supplydisruption.At thiswholesaleprice,Firm1’sprofitexpressed in (36) in the“purchasing”
regimeishigherthanthatin(27)inthe“no-purchasing”regimeandFirm2alsoachievesahigher
profitinthe“purchasing”regime.Thisisa“win-win”game.

Accordingly,byinserting(35)into(30)and(31),respectively,then:

q a c
Rd
p *

( )
( )=

+ −

+ −
−

2 5 5

12 1

2

2

λ λ
λ λ

 (37)

and:

q a c
d
p
2

2

2

5 2 5

12 1
*

( )
( )=

+ −

+ −
−

λ λ
λ λ

 (38)

Proposition4makesacomparisonofthequantitiesdeliveredtothemarketandwholesaleprice
announcedbyFirm1betweentheregimeof“nopurchasing”andregime“purchasing”.

PROPOSITION 4:UnderFirm1’sdecentralizeddecisionmaking:
(i) w w

d
f

d
p* *< ;

(ii) q q
Rd
p

Rd
f* *< ;

(iii)When0 18 129 11

2
0 5. .≈

−
≤ ≤λ ,q q

d
p

d
f

2 2
* *≤ whilewhen0 129 11

2
0 18< <

−
≈λ . ,

q q
d
p

d
f

2 2
* *> .

Proposition4showsthati)thewholesalepricechargedinthe“purchasing”ishigherthaninthe
“no-purchasing”.ThisistheresultofFirm1toinduceFirm2topurchaseatthetimeofdisruption
toobtain ahigherprofit, asweexplained in i)ofProposition3; ii) the retailerdelivers a lower
quantityoftheproductstothemarketinthe“purchasing”regime.Asexpressedin(30),thequantity
deliveredbytheretailerisdecreasinginthewholesaleprice.Thehighwholesalepricechargedinthe
“purchasing”regimeleadstothelowquantity;iii)thequantityofFirm2deliveredtothemarketinthe
“purchasing”regimeishigherthanthatinthe“no-purchasing”regimewhenFirm2’sdisruptionrate
islowerwhileitislowerwhenthedisruptionrateishigher.Thisisbecausebothquantitiesasshown
in(24)and(38)decreaseinthedisruptionrate,respectively.However,thequantityin(38)decreases
morethanin(24).Therefore,thequantityoffirm2ishigherinthe“purchasing”atthelowersideof
thedisruptionrateregimewhileitisloweratthehighersideofdisruptionrate.

Supply Chain Structure
Intheprevioussections,theoutcomesshowthatFirm1willalwaysinduceFirm2topurchasethe
productsatthetimeofsupplydisruptiontohedgeagainstitssupplyshortagewhetherFirm1chooses
central decision making or decentralized decision making. In this subsection, we would like to
answerthequestion:1)howdoesFirm1behaveinitsretailmarket?2)DoesFirm1choosecentral
decisionmakingordecentralizeddecisionmakingwhenitsrivalhasapotentialsupplydisruptionand
purchasesproductsfromitatthetimeofexperiencingsupplydisruption?Theresultsaresummarized
inLemma3andProposition5.
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LEMMA 3: Seebelow:
(i) q qp

Rd
p

1
* *>

(ii) a q q wp p
d
p− − <

1 2
* * *

Lemma3showsthati)Firm1’squantityintheretailmarketishigherinthecentraldecision
makingthaninthedecentralizeddecisionmaking.Thisresultisduetothedoublemarginalization
inthedecentralizeddecisionmaking;ii)ThemarginprofitforFirm1toearnintheretailmarketis
lowerinthecentraldecisionmakingduetotheaggressiveencroachmentintheretailmarket.

PROPOSITION 5:Firm1willchoosecentralizeddecisionmakingandsellsitsproductsthrough
itscentralizedsupplychain.

Proposition5showsthatFirm1’scentralizedsupplychainispreferred.Thisresultprovidesa
newinsightforthesuppliertoprovidetheproducttothefirmsinthecommonmarket,comparedto
theresultfromArya,MittendorfandYoon(2008)whoshowedthattheVIPprofitisalwayshigher
underdecentralizationthanundercentralizationwhentherivalis100%dependsonthepurchasefrom
themanufacturingcompany.Ourresultsshowthatiftherivalonlypurchasestheproductunderher
disruption,themanufacturingcompany’scentralizedsupplychainispreferred.

CONCLUSION

Outsourcingtheproductstotherivalpartyinthecommonmarkethasgarneredmuchattentionin
operationsmanagement.Theconventionalviewpositsthatmonopolizationispreferredwhenthe
rivalexperiencesdisruptionandshortagesinthemarket.Thispaperdemonstratesthatitmaynotbe
thecasewhenbothpartiesselltheproductsinthecommonmarket.Insuchacase,onepartywould
inducetherivalpartyintheeventofdisruptiontopurchasetheproductsfromitwhichactuallycan
earnahigherprofitcomparedtomonopolizationregardlessofthedisruptionrate.Accordingly,the
rivalpartydoesnotloseitspresenceonthemarketwhenitexperiencesthedisruptionandfinally
earnsahigherprofittoo.

Centraldecisionmakingeliminatesdoublemarginalization,whichincreasesthequantitydelivered
tothemarket.However,thefirmisabletocommittoaggressiveencroachmentinthemarket,whichin
turnmayleadtoalowermarginprofit.Thispaper’sresultsdemonstratethatajudiciousstructurebest
balancesprofitability.Giventheprevalenceofcircumstanceswhereintherivalexperiencesdisruption,
theresultsshedsomelightonefficacyofchainforms.Thatis,thecentraldecisionmakingispreferred.

Giventheresultsdemonstratedinthispaper,wehopethatthisstudywillserveasastepping
stoneforfutureresearchtoexplorethewaystomitigatethesupplydisruptionriskincludinginthe
situationthatfirmsmayhavedifferentriskattitudes.
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eNDNOTeS

1 Sincefirm2stillmaintainsherpresenceonthemarketwhensheexperiencesthesupplydisruption,she
wouldchoosetopurchaseproductsfromfirm1tohedgeagainstsupplyshortageeventheprofitsinthe
regimeofnopurchasingandpurchasingarethesame.
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APPeNDIX

PROOF OF LEMMA 1:IfFirm2canearnahigherprofitbybuyingtheproductsfromFirm1to
hedgeagainsttheunexpectedsupplydisruptioncomparedtotheearnedprofitbynotbuying
from Firm 1, then Firm 2 will choose to buy. That is ( ) ( )12 6≥ . So only when

w c a c≤ + − −
−
+












( )

( )

1

2

3 1

2 3λ
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λ λ
,Firm2willbuyproductsfromFirm1tohedgeagainstthe

unexpectedsupplydisruption.

PROOF OF PROPOSITION 1: TomakeFirm1’sprofitinFirm2’spurchasingregimeishigher
thantheprofitwithoutpurchasing,thefollowingconditionshouldbesatisfied:
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ToinduceFirm2topurchasetheproductfromitsrivalFirm1inthecaseofsupplydisruption:
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From(11),itisalsoknownthatFirm1willachievethemaximumprofitatw c
a c

= +
−
2λ

.

ThereforeFirm1willannouncethewholesalepriceat:
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PROOF OF LEMMA 2:Inthedecentralizeddecisioncase,ifFirm2canearnahigherprofitbybuying
theproductsfromFirm1tohedgeagainsttheunexpectedsupplydisruptioncomparedtotheearned
profitbynotbuyingfromFirm1,thenFirm2willchoosetobuy.Thatis( ) ( )3 240 ≥ ,i.e.when:
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Firm2willpurchasetheproductfromFirm1intheeventofsupplydisruption.

PROOF OF PROPOSITION 3:Seebelow:

(i) Tomake(32)ishigherthan(25),thatis,Firm1willmakeahigherprofitinthepurchasing,then:

( )( )
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Basedonthefirst-orderconditionin(32),whenw c
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,(32)ismaximized.

BasedonLemma2,themaximizerof(32)alsocanguaranteesFirm2purchasesproductsfromFirm
1 at the time of supply disruption. Therefore, Firm 1 announces the wholesale price
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(ii)Byinsertingw
d
p* into(32):
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PROOF OF PROPOSITION 4:Seebelow:
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(iii)Sinceλ λ( )( )2 1 0− − <a c ,the 20 33( ) < ( ) ,i.e.,w w
d
f

d
p* *< .
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PROOF OF PROPOSITION 5:When7 152 47 02λ λ+ − ≤ ,Firm1’sprofitin(38)ishigherthan

orequaltothatin(14),i.e., 0 6105 76

7
0 3< ≤

−
≈λ . ,Firm1’sprofitinthedecentralized

supplychainwillbehigherthanorequaltotheprofitinthecentralizedsupplychain.Therefore
Firm1willchooseadecentralizedsupplychainandsellitsproductsthroughtheretailer.Otherwise
itwillchoosethecentralizedsupplychaintosellitsproducts.


