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Abstract

We analyzethe problem of optimal risk sharingin a new joint venture,in a
two-entity framework, where the new ventureOproductsare sold in a competitive
marketenvironmentThe two partiesto the joint ventureeachhavepre-existingrisky
projectsand the profit potential of the new ventureis random.Risk is driven by
Brownianmotion processeghereis no debtandthetwo entitiesact cooperativelyln
this setting,optimal risk-sharingcan be determinedex-ante,with sureexpectatiorof
no ex-postnegotiation,and the resultingsolutionwill be stable.We find the square
root sharingrule, can be optimal dependingon, the risk prefaencesof the venture
partners, time horizon of the joint venture and the complementarity and
substitutabilityof the new venturecashflows with thoseof existing projectsowned

by each partner.



1. Introduction

Thereare severaltypesof cooperativegovernancestructuresproductionand risk
sharingmechanismdsOf these the mostprominentarestrategicalliances partnerships
andjoint ventureagreementsThesetypesof agreementsare typically drawn up for
the sharingof technicalinformation, joint researchand developmentprojects, the
sharingof production costs, interlocking equity stake holdings and joint ventures,
either of the horizontal or vertical type.

Joint venturesresult from the sharingof the assetsof two or more cooperating
entitiesandthe resultantnewly createdentity, may or may not havean independent
managemenstructure.In mostcasesthe amountof manageriacontrol exertedover
the new entity is a function of the relative bargainingstrengthsof the partiesaswell
astheir respectivecapitalcontributions equity stakesandsharesof the startup costs
of the venturé.

Chanetal. (1997)find thatstrategicalliancesJike joint venturesgeneratgositive
meanshareprice reactionswhenannouncedMcConnelland Nantell (1985)find that
joint venturesare wealth increasingand attribute the gainsto synergies.Chenand
Ross (2003) analyzethe pricing strategyof the joint venture, where the venture

cooperatesn the productionof a commoninput. They showthat a joint venture can

The complexity and range of these arrangements precludes any effort to succinctly
summarize them. However, what is clear is that they are becoming a preferred mode
of expansion domestically and internationally.

The two entitiesnay be deemed to be cooperative with respect to the jointly
owned venture, but may still be rivals in other markets and products. More worryingly
still, is the fact that the two entities might be cooperative with respect to the
production of the joint venres output but might still compete on the pricing of the
common product.



replicatethe effectsof a full-scalemergerof the parents.The focusis on input and
output price efficiency. Chan,Kensinger,Keown and Martin (1997) study strategic
alliancesandfind thatthereis a positiveresponsé¢o suchannouncementsndthereis

no wealthtransfersamongthe alliancepartnersFor horizontalalliances,which may
includejoint venturesmorevalueaccruedo the partnersvhentheyarein the pooling
or sharing of technical information. The primary focus is onequity dliances.

Some of the other reasonsadvocatedfor the rise of joint venturesinclude the
avoidanceof holdup problems (Williamson 1979, 1983); Cai (2003), transaction
specificity, transactionsuncertainty, and their use as financing vehicles. The
deterioation of the financesof an entity might propel a firm to seeka partner.
Anotherpossiblealternativemotiveis thatjoint venturesallow suppliersto sharerisks
with buyers.Jointventuresreducethe size of the investmenta suppliermakesto fill
an order, which putslessof its resourcest risk and allows it to investin a greater
numberof projectsfor a given amountof capital.If financial distressis costly, then
risk sharingcanincreasevalue.Risk sharingshouldbe particularlyimportantfor risky
suppliers and/or suppliers that are less diversified.

Johnsonand Houston (2000) find no evidenceof the risk sharing motives as
driversof joint ventures.They were primarily investigatingfirms andtheir suppliers
in a vertical joint ventures.They find synergisticgainsfor suppliersin vertical joint
venturesandgainsfor joint partneran horizontaljoint venturesReynoldsand Snapp
(1986) and Kwoka (1989) study the impactof joint ventureson competition. Chen
andRoss(2000) aswell showthatjoint venturescould be usedas deterrencdo the
market entry of a rival as well as being ant-competitive. Of course some joint
venturescould be pro-competitiveif they reducethe dominanceof a marketleading

firm.



The typical assumptionjn a two-agentmodel,is a 50% equity stakein the new
firm, eventhoughotherorganizationaforms havebecomemuchmorecommon.Cai
(2003) notesthat contraryto the predictionsof standardGrossmanHart and Moore
theory,wherejoint ownershipof assetss predided as suboptimaljoint venturesare
becomingthe dominantform of expansionn China,Africa andLatin America.Reuer
andKoza (2000)indicatethatjoint venturesare dynamicand growing componenf
all corporate forms of alliances.

Therearehoweverwide disagreementsver the causalfactorsbehindthis growth.
Among the factorsthat havebeensuggestedsdriversof this trendare (i) ability of
havingadditionalexpertisein screeningoprojects(ii) desireto haveaccesso resource
markets(iii) knowledgeacquisition, andlearningand(iv) risk andprofit sharing.If
risk sharing contractsare optimal and renegotiationproof this will enhancethe
stability of the joint venture. The available empirical evidence shows that joint
venturesare subjectto early terminationsand have shorterlife spansthan thoseof
othertypesof corporatestructuresKogut (1989, 1988), Nakamura(2005) and Reuer
and Koza (2000).

Evidencealso suggestghat where there is relative agreement®n the assetsin
guestionfirmsaremoreaptto selectjoint venturesas a modeof marketentry. When
thereis disagreemendr asymmetryof beliefsoverassetvaluations growthof product
marketsmarketdirectionetc.,firms aremorelikely to chooseacquisitionsasa means
of market entry. Hennart(1988), positsthat joint venturesare more likely to occur,
ratherthan acquisitionswhenthe costsof integratingassetsn a mergerare high. It
couldbethatinformationasymmetryobscureghe verification of the desirableversus
non-desirableassetsin a joint venturethesecostscanbe reduced.Underconditions

of asymmetricinformation, a joint venture mitigatesthe firmOsneedto engagein



costly efforts to reducevaluationuncertaintiesaswell asthe risks of either offering

too little and failing to completethe transactionor overpayingfor the targeted
resourcege.g.,Varaiya,1988).Jointventuresarealsoattractivevehiclesfor reducing
the uncertaintyand costsof valuing complementaryassetsex ante.They conjecture
that joint venturesare unattractiveas diversificationtools and are more suitablefor

obtainingscaleeconomiesvhentargetfirms havea dominantposition.Jointventures
are also attractive if there is need to forge resource integration.

In our paperwe specifically focus on risk sharingas a possibledriver of a joint
venture.In orderto focuson the purerisk -sharingmotive, we abstractfrom moral
hazardproblems,(hiddenaction) on the part of both venturepartnersaswell asthe
formal organizatioml structureof the joint venture.The partiesact cooperativelyand
havesymmetricinformationaboutthe characteristicef the project. Thereturnsto the
project are also ex-post verifiable and the managemenbf the joint ventureactsto
maximize the jont venture profits,

The paperis organizedasfollows. Sectionl is theintroduction.Sectionll provides
the basic model sefp and assumptions. Section Il derives the basiestisking rule.
Whatis necessarys thatthe cashflowof the commonproject shouldprovidea hedge
to existing cashflows for one partner.The optimal sharingrule is a squareroot rule.
Forthisto beachievedit depend®ntherisk preferencesf theventurepartnerstime
horizon of the joint ventureand the complementarityand substitutabilityof the new
venturecashflows with thoseof existingprojectsownedby eachpartner.The optimal

solution onceattainedin this contextis stableastherewill be no tendencyto move

3pratt (2000 and 1964), Pratt and Zechauser (1989) provide conditions for
risk-sharing not to be sutyptimal. In the model we analyze in the paper, the optimal
solution with risk shring, is the firsbest solution. Neither joint venture partner can
be made better off by trying to terminate the joint venture and/or by trying to do it as a
solo project.



awayfrom it. In this contextthe solutiondoesnot dependon any bargainingoutcome.

Section IV concludes the paper.

2. The Model

We developthe resultsof the paper,in various stagesof complexity so that the
readercan follow the implicationsfor the relaxationof severalassumptionsas we
progressiely removerestrictionson costs, profit and cashflow rights allocations,
ex-anteandex-postbargaininganddevelopthe necessargonditionsfor the existence
of a renegotiation proof risgharing contract.

We assumehereare two entities(i = 1,2) thatwant to sharethe risks associated
with undertakinga new single project in a joint venture. The new project may
representeither a vertical or horizontal expansionof activity for each entity.
Furthermoreno synergisticbenefitsare assuned for either party. Regardlesof the
nature of the individual expansiontype the two entities are assumedto act
cooperatively.The interestrate is deterministicr andall projectshave equallives.
Thatis the expectedife of the new projectequalsthe remaininglife of the existing

projects.We assumeeachindividual project has deterministiccostsx,, but random
profit potential’ The output q of the joint ventureis chosento optimize the profit of
thenewentity, but sincesaleprice p israndomthe expectedexcesgprofit is random.

Expected excess revenue is posited to be a Brownian motion ptocess.

“The model is sufficiently flexible to handle the case of random costs for ffeetsro
Including this more realistic specification does not alter the analysis as the ensuing
uncertainty will be encapsulated in the random profit function.

®It can be shown that the mean rate of drift of the revenue and costs processes, if we
were to assme a stochastic cost structure, would have no bearing on the optimal
investment stake and the allocation share of the profits.



2.1Case A, Linear Risk Sharing Rules

Eachentity hasanexistinginvestmenin a singlerisky projectotherthanthecommon
risky project.Eachwantsto sharethe profit risk associateavith the commonproject.

The cost of the common project is completely known as y,. Thereis no hidden

information betweenthe two entitiesasfar asthe commonprojectis concernedAll

partieshaveaccessex-post, to the true realizedreturnsof the commonproject. The
managemenof the joint ventureis assumedo be actingto maximizethe profits of

the newentity. Theindustryenvironmenin which the newventureis beinglaunched
is assumedo be a competitiveone andthe entity takeson no debt.All profits of the
newventureareto be sharedbetweerthe two entitiesandwe searchfor an equitable
and optimal sharingrule, that would not dependon the ex-anterelative bargaining

power of the two entities and would permit the creation of the venture.

We define the parameters:

v, ER, : risk aversion parameter of the th entity;
x I R, :initial wealth of thei ! th entity;
x +W(t): time t wealth of thei! th entity whereW are standardBrownian

motions;

W,(¢) : profit of therisky projectrepresentedby a third Brownianmotion with the
correlation structurelW, (t)dW,(t) = ! .dt and dW, (t)dW,(t) =/ .dt.

Each entity wants to maximize its own CARA utility function:



U, (#) = E[1! & 10aimesmi]
U, (#) = E[L! € 20 mnum

Of course pneinvestorOsptimizercould be far from the otherOandthereforeany
negotiationprocessmay not resultin arisk sharingcontract.In this paper,we would
like to provide necessanandsufficient condtions andthe designof the risk-sharing
contract such that negotiation will stop where both individuals achieve optimal
expectedutilities simultaneously.This will ensurethat there should be no ex-post
bargaininggiventhe aboveassumptionspncethe contractis signedandthe projectis

underway’

Case A:

Theorem 2.1. In the specialcasewhen p,; <0, ! ,,<0 and/,+! ,+1=0, u,
and u, are simultaneouslymaximized at a = —p,, = p,, +1. Otherwise,the Pareto
equilibrium occurs on intervals given below

¥ ",l10and”,! 0:"![01];

¥ pg=0and!,<0:"![0#,+1];

¥ J.,<0and”,! 0: a€[-ps1;

¥ J,<0and!/,,<0:#! [min{" $,, %, +1}, max{" $,, %, +1}];

i.e.,when! ischosemasanumberin thegiveninterval, neitherentity couldimprove
its utility without hurtingthe otherone.In this case for oneparty, participationin the
joint venture is a subptimal strategy.

ProoF. To simplify the equations (1) and (2), define

®Linear rules are not optimal in this setting as we do not permit side payments from

one venture partner to the other. In somi#irsys, especially in international joint
ventures, some side payments are not permitted.

1)

)



" (#) =1+ 248, +#2,

"L(#) =1+ 2L #)$,, + (L1 #)2.

Then %0 + 220 and 20 + 27T are new Brownian motions and therefore

normally distributed and

WI(T) "W (T)
u(")=1! e SnEfe AT 2 ) @ SHnsACT

(") =11 @30E[e ¥ BTAN ) 2| ¢ BenEaC T
2 . | )

Next we find the derivatives of the utility with respect to parameter

) e 0 s eyopT 2 = )ofT (8 ),
P o ), )07 2 fi—#) = (1" WENAT (& +1" #),

When /,,>0 and / ,,>0, 2 <0 and 22 >0 for " ! [0,1]. y, is maximized
when! =0 andu, is maximizedwhen! =1. The Paretoequilibriumis theinterval

[0,]] andtoowide to be meaningfulasaresultof anynegotiationprocessTherestof

the casescanbe similarly analyzednoting that: when p,, <0, u, first increasesthen

decreaseswhen p,, >0, u, alwaysdecreasesandwhen’,, <0, u, first increases,
thendecreasesyhen p,, >0, u, alwaysincreasesNow supposep,, <0 and/,,>0.

If we choose” <! #,,, thenboth expectedutility havepositive derivativeat! and

can be simultaneouslyincreasedif ! increasesHowever, this situation does not

happen if#! [" $.,,1].

In this casethe positedmechanisnto sharethe profits and allocatecostsdoes
not resultin a solutionto proceedwith a joint venturethatis optimal for both parties,

exceptin the limited situation where! , <0, p,;<0 and/ ;+/,+1=0. If this
condition holds,u, andu, are simultaneouslymaximizedat " =! #, = #,+1, and

both partieswill committo thejoint venture.In all the othercasedisted, optimaljoint



ownershipis not feasiblewith the given setof rules. So a linear risk sharingrule is
generallynot optimal for this simple case.lt simply doesnot permit both partiesto
simultaneouslyparticipatein the project,evenif a decisionis madeto proceedwith

the project.

2.2 Case B: Nodinear risk sharing rules

In thefirst casediscussedbove,a linearsharingrule doesnot give the flexibility of
assigningdifferential proportionsin investmentandreward.No expertiseis required
for designingthe particularrisk-sharingcontractandwe haveseenthat sucha simple
methoddoesnot resultin a nontrivial risk-sharingplan. In this case,we relax the
previoussetof assumptionandwe assigntheentities! andl1! " proportionsof the

costof the project,while getting / (") and1! " (#) proportionsof the payoff. With
the samebasicparameterasin CaseA, we will further definethe discountingrate,
costsof the projectsandextendthe risk aversionparameterso be any real numbers.
Fori =12, define

¥ r! R, :interest rate;

¥ "I R:risk aversion parameter of thieth entity;

¥ x! R, :initial wealth of thei -th entity;

¥ x+W(t): time t wealth of thei-th entity whereW are standard

Brownian motions;

¥ W,(2): profit of the risky project representeddy a third Brownian
motion with the correlation structure dW, (t)dW,(t)="/,dt and

dW, (t)dW(t) = pdt .



¥ x,! R,:costfor projectV;
¥ y,! R,:costfor project?;.

Equations of terminal wealth

Entity 1,(X, = X, —aV,)€" +W/(T) + A(a)W,(T)

Entity 2, (X, — X, = (1= ) Yo)&" +W,(T) + (1~ A(a))W(T)

Each entity wants to maximize expectedterminal wealth as describedby the

respective expected CARA utility functions :

ul(a) =1- E[e-h(ﬁl(a)+Wl(T)+?L(O<)W3(T))],

where B,(a) = (x, = xo — @ y)e”;

u ($) =1 E[e! "2 (#2($) 41, (T)+(U %$))W3(T))]
2 " ’

where ", (#) = (%, ! X, ! ! #)y,)e".

The solutionsthat follow below are unconstrainedin the sensethat eachentity
maximizesits expectedterminal wealth (a) without regardto the optimal attainable
wealth by the joint venture partner,(b) without an addedboundarycondition that
expectedterminal wealth from doing the joint venture exceedsexpectedterminal

wealth without the joint venture.

®3)

(4)



3. Optimality of the sharing rule

Definition 3.1. An acceptablaisk-sharingcontractmust havea payoff function !
such that” :[0,2] ! [0,1] has to satisfy the following conditions:
¥ /(0)=0,!@=1;
¥ I(") is anincreasingand continuouslydifferentiablefunction of /
on [0,1];
¥ o andl-a are respectivelythe percentageof the project costs
contributed by the first and second party;
¥ /(") andl! "(#) arerespectivelythe percentagef the profit of the
risky prgect shared by the first and second party.
Theorem 3.1. If there exist an#' " [0,1] and an acceptable contrdat” ) where
o€ + 1T (P + Ala™)A (@) =0,
$,y,e" +ET (%, +1# & ')N&( ') =0,
and for all” ! [0,1] the following inequalities hold:

{"1Ye€" +"IT(#+ $(99)$' (99} + "IT{ (#+ $(99)$(99 + ($/(99)*} <O,
{#Y T +HT($5+1" R&)WE)Y " LT (S, +1" %&))%(&)" (%(&))°} <0,
where we assumedthe second derivative "" exists, then / (") is an optimal
risk-sharingcontractand both investorsobtain maximal expectedutility at a unique
point” ="",

Remark 3.1.If the secondorderconditions(7) and(8) aretoo complicatedio check
or the secondderivative A" doesnot exist, we can replacethem with first order

conditions:

(6)

(6)

()

(8)



%Yoe + AT (&s+' () (()>0, %Y,e” + 94T (&; +1# " (())' (()<0on( $[0,( ), C)

WYo€" + AT (&; + " () (()<0, %y, +%T (&, +1#" ()" () >00n ($((,1]. (10)

ProOF. To simplify the equations3] and @), define

0,(a) = 1+ 24 (@) pys + Ala)?,
(@) = 1+ 2(1- A(@0)) s + (1 A(a))?.

Then {53+~ and go) + S22 are new Brownian motions and

thereforenormally distributedand the momentgeneratingunction canbe computed

as

Wi (T) " (#)W3(T)
u(#)=1!¢€ %(#)E[e! (A T Tey >] 11 ¢ 0/9&1(#)+%$1(#)2T’

Wo(T) | (1" (#)Wa(T)
%% ()Nt 5,00 )] —11 e! % &, (#)+196%, (#)°T

u,(#) =1! e *%E[e
The sufficient conditions results from the first and secondderivatives of the

expected utilities with respect to parameter

% =" @ u@#@)N" &1!5!91%+ ZT%(#)@}
=" (1" W Sy +ET(%&H#) +&#)&#))}, (11)

% ="1"uL,ON" & % +&§T%(#)@}
=" (1" WK By " ST(9&H) + (1" &#)&H))} (12)

n?2

AP - waru N[y AT(& (6) + (9 (9))

W ST (% + AENER) + (&)Y, @
SO < @ 9y HAT (& 8+ B (8))F

1" UENET{ (9%, +1" &#)&H)'" (&#))'}. (14)



"' is acritical pointif it is a solutionto equationg7)=0 and(8)=0which yield the
first order conditions(5) and (6). Strict concavity guaranteeshe maximumand its

uniqueness.

Proposition 3.1. If the following conditions are satisfied:
nslt #,=0, #=11 0y’ = %"J,
then we can find the acceptable risk sharing plan
JOENE

suchthat either investorwill agreeon any sharingpoint a €[0,1]. The converseis
also true.
ProOOF. If both investorsagreeat any possibleproportion! , then their expected
utilities are constants for varying . Setting (11)=0 and (12)=0, we get

¢+ (o + A(@))A(@) =0,

C, + (Hpg +1" $(%)$(%I =0,

wherec, = y;’]e: andc, = }:,02“; . The corresponding solutions for (15) and (16) are

L#) =1 8t L, $123 ! 2c# +d,,

L#H) =1+ 5,1 \/(1+ $23)2 +2c# +d,.

For the risk sharing plan to be mutually acceptable, the functions

L()=1,(")=1(") have to be the same,we need! ";=",,+1 and!c =c,.
Therefore,”, =1", and
Aa)=-py = \/p123 -2cia +d,.
/'(0)=0 impliesd, =0 and " ;! 0. Since! ", =",,+1, we have p,; =0 and

"»=11.1() =1 implies p,; = —c, -4 and the negative solution is not feasible

(15)

(16)



unless! , =0. In conclusion,
! (” ) - \/T-
The aboveargumentsareequivalentandthe conditionswe haveareboth sufficient

and necessary.

We notethatthe squareroot risk sharingrule is optimalfor both partnersBy itself
this is not new but we have derivedthe result endogenoushby looking at the risk
profiles of the partners,individual project distributionsand own project correlation
factorsof eachjoint venturepartner.What is significantis that we show that when

n

,=!1",, therearesimply valid reasondor two joint venturepartnergo proceedwith

the common project. Fahe first entity, the cash flows from the common project must
be uncorrelatedvith his existing project. For the secondentity, the cashflows from

the commonproject must act as a hedgefor cashflows from existing project. The
literatureis repletewith discussion®f privatebenefitsasthereasorfor joint ventures,
but herewe haveassumedull disclosureandthe partiesmakethe decisionwith each
havingknowledgeof the projectcharacteristicendthe impactthatit would haveon

their individual no-joint projects’

"Many authors, including Bolton and Harris (2006), Olsen and Osmussen (2005), and
Marinucci (2008) generate a simple sharing rule in the two firm, joint venture

prodem, where the optimal sharing rule is the ratio of the principalOs risk aversion to
the sum of the principal and agentOs risk aversion parameters. In most of these cases,
the analyses were conducted with respect to the flows from the joint venture alone,
ignoring the possibility of the partner firms having other existing projects. However,



We can also seethat evenin this simple casethat the 50-50 ownershipstakes,
basedon 50-50 investmentcostsrule fails. As we remarkedearlier in Sectionlll
where the propertiesof optimal rule are outlined, the normalizedrisk of the new
ventureis T, whereT is alsothe horizon length of the venturepartners.Hencethe
sharingrule is independenbf the risk of the new venture,but dependson the risk
preference®f the joint partnersand the complementarityand substitutabity of the

new venture cashflows with thoseof the existing projectsof the partners.Hence
NG )\/7, measureghe shareof the risk of the cashflows, that accruesto a joint

venturepartnerwho investsan equity stake,” ' in the project. "' measuresis share
of the cashflow, profits from the venture.The residualrisks accrueto the second

partner as well as all residual cash flows.

this rule can also be derived in contexts where existing projects are not ignored.



4. Conclusion

We analyzethe problemof optimal risk shaing in a continuoustime settingwhere
two joint venturepartnersconsiderinvestingin a new project. The partnersoperate
cooperativelyin a settingof homogeneityof beliefsaboutthe distributionof the cash
flows of the new project. The partnersdo not competein the productmarketfor the
revenuesrom the commonproject, so the managemenstructurethat optimizesthe
revenuefrom the commonprojectis optimal for both parties. The optimal sharing
rule from the profits and revenues,is determinedendogenouslyand there is no
incentive to deviate from the optimum.

We show that the optimal sharing rule dependsnot on the risk of the new
venture,buton the risk preferenceof the venturepartners,the time horizon of the
joint ventureand the complemetrarity and substitutabilityof the new venturecash
flows with thoseof existingprojectsownedby eachpartner.In this simplesetting,the
optimal equity stakesis a function of the optimal sharingrule for the cashflows.In
future work we will try to develop a more generalmodel of the joint venturecase
wherewe permitnon-cooperativebehaviorin productmarketsaswell asmoralhazard
issuesas joint venturepartnerstry to improve their welfare at the expenseof their
partners.Our contribution is tha we show that the joint venture problem can
potentially provide more stability than is usually consideredonce the partnersare
operatingn a cooperativdramework.In this settingit is optimalto shareprojectrisk.
Any attemptto deviatefrom the optimum allocationwould leaveboth joint venture

partners worse off.
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