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1. Introduction

�
Thispaperrecaststheproblemof screeninganagentwith respecttohisproductioncostsin acomplete

but imperfect information framework insteadof the incomplete information Bayesianframework analyzed

in theliterature (BaronandMyerson1982).Considerafirm (theagent) thatsinksaninvestmentto increase

its production capacity of a gooddesired by its client (the principal). The principal is limited to short-

termcontracts: shecannotsigna bindingcontractbeforetheinvestmentis undertaken. For instance,at the

time of investment,thefirm mayknow thata demandexists for its productalthougha clienthasyet to be

identified. Whenexchangefinally takesplace, aprice-settingprincipal agrees to paytheagentnomorethan

his reservationprice. Sincetheagent’s reservationpricedoesnot incorporatethesunkcostof investment,

thereis ahold-up problem: theagenthaslessincentive to investandthebenefitsof investmentmaybelost.

Whencompletebinding contractsareavailable, the hold-upproblemcanbe solved undervariousin-

formation structures(Rogerson,1992).� In this paper, a hold-upoccursbecausethe parties areunableto

committhemselvesto anycontract at thetimetheinvestmentis made.However, theassumptionof symmet-

ric informationis relaxed: all costsaretheprivateinformation of theagent.Tirole (1986)wasthefirst to

pointout thatsincetheex postsharing rulethatresults from agivenbargainingprocessis generally sensitive

to theinformationstructure,theprivacy of theinvestmentdecisionprovidesastrategic advantageto protect

thereturn on investmentfrom ahold-up. This ideais further developedasthebasisof a theory of screening

contractsin which theasymmetricinformationis endogenous.

The standard analysis of screening contracts underasymmetricinformation starts with the Bayesian

notion of a type that resumesthe private information of the agent. In incomplete information models,

thedistribution of typesis exogenous.Any inferencedrawn with thesemodelsabouteconomicstructures

dependson the distribution of types. But in many instancesof screening,the “type” of an agentrefers to

instrumentalfactorsthathecontrolsandthathave awell-definedeconomicvalue.For instance,a “low-cost

type” results from pastinvestment.

In the framework presentedhere,the distribution of “types” emergesas the (Nash)equilibrium ran-

domization of the agent’s investmentstrategy. The modelworks like a classical principal-agentmodelto

which an initial investmentstageis added. The agenthasthe opportunity of choosinghis “type” at that

stage
�
, at a price (i.e. the costof investment). An unobserved randomized strategy allows the agentto

hidehis investmentbehinda veil of noiseto preventa hold-up. In equilibrium, this randomization induces

a common-knowledgeendogenousdistribution of “types”. Naturally, the principal will offer a screening

contract thatprovidesex postproduction incentives.Surprisingly, theequilibrium contractturnsout to bea

cost-pluscontract.
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Thereis a longtradition of modelswith mixedstrategy equilibria in completebut imperfect information

settings, but few studies considerthe screening problemin this context. � Fudenberg and Tirole (1990)

analyzethemoralhazardproblemin a way thatinvolvesscreening. A principal wantsherrisk averseagent

to exertaneffort thatincreasestheprobability of agoodoutcomein astochasticenvironment.Towardsthis

end,theprincipal offersan incentive contract that links theagent’s compensation to the randomoutcome,

thereby exposingtheagentto somerisk. Yet,oncetheeffort is undertaken,thereis roomto renegotiatethe

contract in orderto provide insurance to the agent. This renegotiation leads to screening, sincethe agent

hasprivateinformationabouttheamountof effort thatwasprovidedandthereforeaboutthe likelihoodof

a goodoutcome.Fudenberg andTirole’s (1990)modelis setin anenvironmentwith partial commitment:

thereis no hold-upproblemsincetheprincipal cancommit to a compensation schemeprior to investment

(effort). Consequently, thecontractthey studyis amaximizer in thesetof renegotiation-proofcontractsand

theagent’s randomization is directly inducedby thecontract. In this paper, thecontract is anequilibrium

bestresponseto theagent’s randomization.

Gul (2000)analyzesa modelof bargaining betweena selleranda buyer in an environmentsimilar to

theonepresentedhere. In Gul’s (2000),thebuyerhastheex anteopportunity to make an investmentthat

increasesthegainsfrom tradeex post. By allowing theinvestmentto bemadeprivately by thebuyer, andby

considering a sequential bargaining subgameof offersandcounter-offers,thehold-upproblemvanishesas

thelengthof time betweensuccessive offers goesto zero. Gul (2000)putstheemphasison thebargaining

subgame,which is morecomplex thantheoneusedhere.Informationaboutthebuyer’sex postwilli ngness

to pay is revealedthrough a process of offers and counter-offers while this study relies on a screening

contract offeredona take-it-or-leave-it basis.

Linking thehold-upandthescreeningproblemsclarifies theroleof asymmetricinformationin explain-

ing screening (nonlinearpricing). Theneedandthemeansof screening comefrom theheterogeneityof the

agent’s characteristics andthe monopolypower of the principal (Wilson 1993). Asymmetricinformation

playsno role in thatstory; if anything, it reducestheability of theprincipal to discriminateagents.On the

otherhand,the monopolypower of the principal createsa hold-upproblem. Combinedwith asymmetric

information,thehold-up problemgeneratestheheterogeneityof theagent’sex postcharacteristicsthatjusti-

fiestheneedfor ex postscreening. Accordingto thisview, asymmetricinformation is animportantancillary

condition thatrationalizesscreening.

Themodelis presentedandsolved in thenext section.It is ill ustratedwith threeanalytical examples.

Comparative statics arepursued in Section3. Thepaperconcludeswith a discussionaboutnormative and

positive issuesthat favor the useof completebut imperfect information principal-agentmodels. The Ap-

pendixcontainstheproofs. 3



2. The model

�
Consideranexchangebetweenabuyer(hereaftertheprincipal) andaproducer(theagent).Theagent

producesa quantity ���	� of a goodfor theprincipal. Theprincipal paystheagenta sumof money 
 or a

price �
��
���� perunit produced(when ����� ). Bothplayershavequasi-linearpreferencesandtheprincipal

valueseachunit producedat1. Theprincipal’sandagent’s payoffs arethenrespectively����� �������� � ��� �!�"���$#%�!� �'&(� ��� �)� �
where

&(� ��� �)� is theexpectedopportunity costof dealing with theprincipal. This costincludesproduction

costsaswell asany relevantlossof profits(relatedto outsideopportunities) inducedby thisexchange.If no

exchangetakesplace,then �*�+� and
�,&(� �-�.�/� is theagent’spayoff function. Thevariable����� represents

an investment in capital. Investmentdeterminesthe ex postproduction costs, andcanalsodeterminethe

profitability of otherventurespursuedby theagentaffectedby thisexchange.Let
&

beathricecontinuously

differentiable andstrictly convex functionthatexhibitsanunboundedlong-run marginal costas � increases

in orderto ensureboundedreturns.

Theshort-runandlong-runprofit functionsaredefinedby

� ��� �!�"���0#21�3�45 6/7 � � ��� �!�"��� �� ���8� �9�0# 1�3�45 6/7;: <=6/7 � � �>� �?�@��� A
Let � � � �?�@��� and

� � ��� � ��� �.� ��� � �9��� bethesolutionsto thefirst andsecondprograms.Theseexpressionsdefine

the conditional ex postsupplyfunction � � andthe long-run supplyandcapital demandfunctions � ��� and� ��� . To simplify thenotation, denote� 7 #+� ��� � �B� , � � #+� ��� ��� � , � � #C� ��� ��� � and � 7 # � ��� � �(� . In Figure1,

theNE panelcontains threeshort-run marginal costcurves(thesupplycurveswith investmentlevels � 7 , D
and � � ), two short-run averagecostcurves(with investmentlevels D and � � ) andthelong-run marginal and

averagecostcurves.Convexity ensuresthatthemarginal costcurvesareupwardslopping. Thefunctions � �
and � ��� aregivenby theinverse of themarginalcostcurves.Thevalue � 7 is equalto zero.E

Thefollowing assumptionsaremadeaboutthecostfunction. They will beexplainedin detaillater.

F Stability (Stab.):
& < � ��� � 7 �0�G� . Thesolution � 7 is interior.F Singlecrossing (S.C.):

& 5�<IH � . Investmentincreasescapacity.F Regularity (Reg.):
& 5�5�<IJ � . Themarginalbenefitof capital increaseswith � atanon-decreasingrate.F Interest(Int.):

& 5 � �-�.� 7 � H �
. Gainsfrom tradealwaysexist.

4



Total surplusis givenby
���,� �����LK � � ��� �!�"���M� � � ���.�?� � � . Theex anteefficient levelsof investment

andproductionarethus � � and � � , generating atotalsurplusof � ��� ��� � . Given � , theex postefficient level of

production is � � � �?� � � whichyieldsa totalsurplusof � � � �!� � � . Theex postefficientallocations
� �!�N� � � �?� � ���

yield adownwardsloppingcurvein theSEpanelof Figure1. When �O�+� � , theex anteandex postefficient

allocationscoincide.

Thegamehasthreestages;Figure2 providesasketchof its extensiveform. It beginswith theinvestment

stage at the initial nodewhereanamount� is invested. Theshadedtriangleto theright of the initial node

representsthe possible investment moves that may be realized. In the standard incomplete information

game,theinitial nodebelongsto Natureand � is a randomexogenoustype. An alternateapproach is to let

thisnodebelongto theagentsothatthechoiceof � becomespartof hisstrategy. P
Thesecondstageis thecontracting stage in which theprincipal offersa contract which is labeledhere�=Q�>� Q
�� . Thatstagebeginsat somenode R <

thatfollows theinvestmentmove � . If theprincipalobservesthe

investment,thenherinformation setat thatstageis thesingleton STR <VU
. Otherwise,herinformationsetis W .

Thesecondshadedtrianglestandsfor thepossiblecontracts thatmaybeoffered at thatstage.

Thefinal stageis theacceptancestage. It beginsaftersome� hasbeeninvested andsomecontract
�=Q�>� Q
��

hasbeenproposedby theprincipal leading to somenode R$X . Theagenttheneitheracceptsthecontract or

he refusesit. The payoffs attached to the nodesfollowing thesemovesarethe sequential valuesfor both

players of thesubsequent subgames(not shown in Figure2). A refusal by theagentof theprincipal’s offer

putsanendto therelationship: zerounit aresold,leaving theprincipal with a payoff of zeroandtheagent

with apayoff of � � � �?�N�B� . Thepayoffs obtained whenadealis reachedwill bedetailedlater.

Theanalysis proceedsin threesteps.In Step1, I analyzetheperfectinformation gamewheretheinitial

nodebelongsto the agentand the investment move is observed by the principal. In Step2, I analyze

the incomplete information gamewherethe initial nodebelongsto Natureandthe investmentmove is not

observedby theprincipal. In Step3, I analyzethecompletebut imperfect information gamewheretheinitial

nodebelongsto theagentandwheretheinvestmentmove is not observedby theprincipal. Themainresult

of thepaperis Proposition 2 of Step3 whichcharacterizestheequilibrium of this lattergame.

Y
Step 1: The perfect information game. Supposethattheinitial nodebelongsto theagentandthat

theprincipal observestheinvestmentmove. Shewill thenoffer to paya transfer 
 for aquantity � wherethe

pair
� �>��
�� solves

Program1: 1�3�45.: Z � � 

subject to 
 �'&V� �>� �/�[� � � � �?�N�B� A (IR)
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Inequality (IR) is an individual rationality constraint,stating thattheagentis noworseoff by accepting

thecontractthanby refusingit. Definethetotal ex postsurplusof contractingas

\ � ���.�/�0# � � ��� �!� � � � � �8� �?�N�B�.� (1)

sothat(IR) mayberewritten 
[��� � \ � ��� �)� A (IR X )
Program1 is solved when �]�^� � � �?� � � and(IR X ) binds. Sincecontracting takesplacewith perfect infor-

mation,it mustyield anex postefficientallocationandsincetheprincipal hasall thebargainingpower, she

will payno morethanwhatis requiredto satisfy (IR X ).
Hence,in agamewith perfectinformation,theprincipalcapturesthetotal ex postsurplus \ � � � � �!� � � � �)�

and the agentreceives � � � �!�.�B� . In a subgameperfect equilibrium, the agentmaximizes� � � �!�.�B� to � 7
by investing � 7 at the investmentstage. The principal offers her agentto produce� � � � 7 � � � for a trans-

fer � � � � 7 � � � � \ � � � � � 7 � � �.� � 7 � andsherealizesa payoff \ � � � � � 7 � � �.� � 7 � . The equilibrium allocationpair� � � � � 7 � � � � � 7 � is identified in theSEpanelof Figure1. Althoughex postefficient, thisallocation is ex ante

inefficient sincetotal ex antesurpluspeaksat � ��� ��� �_� � 7 with an investment � � �`� 7 anda production

level � � �a� � � � 7 � � � . Becauseof thehold-up,thereis under-investmentandreducedproduction.

Y
Step 2: The incomplete information game. Let theinitial nodebelongto Nature.Investment� is a

randomlychosentypethatis theprivateinformation of theagent.Thesolutionof thatgameis well known:

the principal offers a screening contract that equalizesthe expectedmarginal benefitof production to the

expectedmarginal informationalrentconcededto theagent.This contract is characterized in Proposition 1

andCorollary 1 below. To theextent that thecontractdependson thedistribution of types,the incomplete

informationapproach providesa familyof contractsasa solution to thescreeningproblem.

Let b represent thebeliefs of theprincipal with respectto thedistribution of � over cd�feg� � �>h , where� �i� 7 . To maximizeher expected payoff, the principal will offer a screeningcontract: a pair of real

boundedfunctions
Q� and

Q
 over c thatspecify a production level
Q� �kj � anda payment

Q
 �kj � thatdependon

the information
j

reported by theagentabouthis type � . By theRevelationPrinciple, thereis no lossof

generality in considering aBayesianequilibrium wheretheagentreports truthfully his type.

Definetheinformational rentof a type � agentastotalex postsurplusminustheprincipal’sshare

Ql � �/�0# \ �=Q� � �/�.� �)� �nm;Q� � �/� � Q
 � �/�po?A (2)

By (2), acontractmaybeequivalently representedby a pair
�=Q��� Q
�� or by apair

�=Q��� Ql � .
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AssumptionS.C.ensures thatinvestmentalwaysincreasestheagent’s ex postcapacity, playingtherole

of asingle-crossingcondition. AssumptionReg. ensuresthatthesolution toProgram 2 below isasingleton.q
Thefollowing representation thenholds:

Proposition 1 Let b beatwice-continuouslydifferentiabledistributionfunctiondefinedon cr�set� � �Bh with

density u anda hazardrate v � �)�w�fu � �/��� ���M� b � �/��� . The incomplete information gamehasa Bayesian-

Nashequilibrium in which theprincipal offersacontract
�=Q��� Ql � definedover c by

Ql � �/�0� Ql � � �xKzy << \ < � � �|{ � � { ��} { � (3)

wherethefunction
Q� andthequantity

Ql � � � solve

Program2: 1�384~5.: ~� ��< � �GQl � � �xKzy << m \ �=Q� � �)� � �)� � \ < �=Q� � �)� � �)�v � �/� o�u � �)��}-�!�
subject to

Ql � � ���2���Q� < � �/�[��� ������c�A (4)

Theagentacceptsthecontractandtruthfully revealshis type.
Y

When(4) doesnotbind, thesolutionto Program2 is easyto characterize:

Corollary 1 Define
Q���Bcr�i� by letting

Q� � �)� solves

\ 5 �=Q� � �/� �.�/�$� \ 5�< �=Q� � �)� �.�/�v � �/� � for all ����c'A (5)

If
Q� is a function thatsatisfies(4), then

Q� and
Ql � � ���G� solveProgram 2.

Y
Givenanarbitrary distribution of types,Program2 yieldsanarbitrary downwardsloping dotted curveQ� in the SE panelof Figure1. In Program2, the bracketed term e \ � \ < �(v-h is the ex postvirtual surplus

(Myerson1981).Corollary1 characterizesasolution to Program2 where
Q� � �/� maximizesthevirtualsurplus

for all � . As ��� � , thehazard ratediverges v � �/�L��� , andthe terms \ < �Vv in Program2 and \ 5�< �Vv in

Corollary 1 vanish. Hence,the real andthe maximizedvirtual surpluscoincide at � so that thereis “no

distortion at thetop”.

When � is strategically chosenby theagent,thissolution hasanormativecontent: if theprincipalholds

beliefs b , sheshouldproposethescreeningcontract
�=Q�>� Ql � specified in Proposition 1. Froma positive point

of view, that is, if we aretrying to explain the structure of actual screening contracts, this proposition is

rather incomplete. Theproblemis thatthis contractyieldsanex antepayoff of � � � �?�N�B�xK Ql � �/� to anagent

7



thathasinvested � . Throughl , thatpayoff dependson b ; givenanarbitrary b , thefunction � � ��� �N�B�9K Ql ��� �
is generally not constant. Hence,if theagentexpectsthecontract

�=Q�>� Ql � to beofferedandif � � ��� �N�B��K Ql ��� �
reaches a strict maximumat ��� , theagenthasan incentive to invest �)� . But then,thereis lit tle rationale

for theprincipal to screentheagentin thefirst place: if theprincipal expectsheragentto play ��� in pure

strategy on theequilibriumpath,sheshouldproposethecontract derivedin Step1.

In a setting wherethe “type” of anagentrefersto characteristics thathave a clearmarket value(here,

theopportunity costof investment) andthatareundertheagent’s control, it is inappropriateto assumethat

thedistributionof “types” is anexogenousvariablewith a predictive content. In sucha setting, technology,

preferences,andthestrategic opportunities (thefundamentals) aloneshouldexplain thestructureof screen-

ing contracts. I now depart from theincomplete information modelby focusing on a gameof completebut

imperfect informationwheretheagent“chooseshis type” by choosing� .

Y
Step 3: The complete but imperfect information game. Theagentnotonly hasprivateinformation

about� , but healsodecidesits value.Theinvestment � is still arandomvariablealthoughtherandomization

is endogenous. Hence,the results obtained in Step2 shouldapply. On the otherhand,Proposition 1 is

not applicable if � is not distributedon a boundedset or if the distribution is degenerate. Theseissues

areaddressed in lemmas1 and3 below. The equilibrium of this gameis presented in Proposition 2. In

equilibrium, theex postmovesof bothplayers areof theform describedin Corollary 1, but thedistribution

of � is no longerarbitrary andis associatedwith theagent’s bestresponsestrategy. While theanalysis in

Step2 yieldsa familyof contractsasasolutionto thescreeningproblem,thecompleteinformation approach

selectsasinglecontract in thatfamily, namelythecontract associatedwith theequilibriumdistributionof �
aschosenby theagent.

Oncetheinvestmentopportunity is reintegratedinto themodel,wehaveagameof completeinformation,

sincetheprincipal canevaluatetheagent’s payoff of playing any of hisstrategies.Theprincipal canensure

herpayoff realizedin Step1 by offering theequilibrium contractof Step1 which is alwaysaccepted. Yet,

thereis moresurplusto capturewith a screening contract if the agenthasinvested morethan � 7 . Hence,

as in Step2, a strategy for the principal is a contract
�=Q��� Ql � . A strategy for the agentmustspecify � at

the investmentstageanda decision function (acceptanceor refusal) at eachof the possiblenodesof the

acceptancestage.In a subgameperfectequilibrium, theagentacceptsany contractthatsatisfiesindividual

rationality at that stage. In that case,the sequential valuesof both playersat eachof thesenodescanbe

characterized as a function of the contract and the investmentlevel. Hence,a strategy for the agentis

resumedby thechoiceof � . Lemma1 establishesthattheagent’s choiceis bounded:
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Lemma1 Thereexistsan investmentlevel �� suchthatany strategy ������ doesnot survive iterative elimi-

nationof weaklydominatedstrategies.
Y

To constructaNashequilibrium for thisgame,I focusonapartial characterization of thebestresponses

of bothplayers. If a purestrategy equilibrium is played,theprincipal anticipatestheagent’s strategy. Ob-

servability doesnot matterandthe gameis to be playedlike the perfect informationgamein Step1. In

anequilibrium wheretheagentrandomizeshis investmentmove, theprincipal will hold someequilibrium

beliefs b aboutthis randomization andshewill accordingly proposea screening contractbasedon those

beliefs asin Step2. If theagent’s equilibrium randomization is well-behaved,thenherbestresponse
�=Q��� Q
��

follows readily from Corollary1.

It is shown in Proposition 2 below thattheequilibrium allocation
Q� is givenby theinverseof thecondi-

tional capital demand: � ��� �(��#C3����(1����<=6/7 &(� ��� �)� A (6)

Theconditional capital demandfunction � � yields the level of investmentthatminimizesthe total costof

production. Assumptions Stab. andS.C.ensurethat(6) hasaninterior solution for all ���G� . Thefunction� � maythenbederiveddirectly by applying theimplicit function theoremto thefirst-ordercondition

& < � �>� �/�0�G��A (7)

Equation(7) definesa curve in the SE panelof Figure1 that representsthe relationshipbetween� and �
at thepoint of tangency between any straight vertical line passingthroughsome� andsomeisocost curve.

AssumptionS.C. ensures that this relationship is positive, which implies that � ��� is a strictly increasing

function aswell. Let � � be the inverseof � ��� on eg� 7 � �z� . Given � , thevalue � � � �)� is theprice for which

investing � maximizesprofits.Both � ��� and� � aredrawn in theSWpanelof Figure1 where� 7 #%� � � � 7 ���� and � � � � � �M# �
. Noticethat � � �(�M# &(� ��� � � � �(��� is thelong-run costcurve of thefirm. Given � � and � � ,

onemaydefine �� on et� 7 � �z� suchthat �� � �/��#	� � � �!�"� � � �/��� . Thefollowing lemmarelatesthefunction �� to

thelong-runcostcurve.

Lemma2 �� is theinverseof � � . Y
Lemma2 is ill ustratedin Figure1. Startingfrom aninvestmentlevel D , weobtainapricethrough� �

atpoint� ��� � � D�� . Thelong-run supplyat price � is � �	� ��� � � � wherethelong-runmarginal cost � 5 � �>� equals� .

At thatpoint, �¡�^� � � D��"� � � D����*� �� � D�� . Thecostof producing at point � is thenminimizedby investing� � � �>�0�CD .
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AssumptionInt. andS.C.ensurethat
& 5 � �-�.�/� H �

, for all �¡�	� 7 . Hence,therearealwaysstrict gains

from tradeto be realizedat the contracting stage.Becauseeachplayeris trying to securethesegainsfor

themselves, we getthefollowing simplebut importantresult.

Lemma3 Thecompleteinformationgamedoesnothaveanequilibrium in purestrategy.
Y

In anequilibrium in purestrategies,all movesareanticipatedalongtheequilibrium path.Observability

of theinvestmentmove is irrelevantandthegameis playedlike in Step1. But if theprincipal proposesher

agentto produce� � � � 7 � � � like in Step1, the agentshouldinveststrictly morethan � 7 to minimize costs.

Hence,the purestrategy profile identified in Step1 doesnot hold asan equilibrium when investment is

not observed. Figure1 ill ustratesthe cobweb-like strategic structureof this game. If the principal thinks

that her agentinvested D , sheidentifies the relevant short-run cost structure throughprice � at point ¢ .
Goingup

& 5 ��� ��D�� , sheidentifiespoint �BX thatmaximizestheshort-runsurplusandpaysheragenthisaverage

opportunity cost � X�� &V� �VX£��D9���V�VX . If theagentexpectsto producein point ��X , hewill investin point D�Xx�CD
and no equilibrium obtainsexcept in the ex ante efficient allocation point

� � � � � � � . But the principal is

payingaprice
&V� � � � � � ����� � at thatpoint, which is lower thantheprice � � � � � ��� �

thatjustifiesinvesting � � .
However, anequilibriumdoesexist whentheagentrandomizeshis investmentstrategy.

Proposition 2 Let c¤�¥eg� 7 �.� � h . Thecomplete but imperfect information gamehasa Nashequilibrium in

which theprincipal offersacontract
�=Q��� Ql � definedover c by

Q� � �/�0� �� � �)� � (8)Ql � �/�0� � 7 � � ��� �?�N�B� � (9)

andwheretheagentrandomizesover c with b givenby

b � �/�0� ���'¦ 4-§¡¨ � y <<�© v �|{ ��} {)ª � (10)

and v � �)�0� \ 5�< � �� � �)� �.�/�\ 5 � �� � �/�.� �/� A (11)

Theagentacceptsthecontractandtruthfully revealshis investmentmove.
Y

In Proposition 2, thekey equationis (8). In equilibrium, theagentis readyto randomize his investment

move only if heis indifferentaboutits value.But sincetheprincipal playsa purestrategy, theagentantici-

pateshisproduction level � and,given � , heis never indifferentabout � . Hewantsto invest � � � �(� to strictly

10



minimize costs. A contract
�=Q�>� Ql � is incentive compatible if type � wantsto produce

Q� � �)� . Hence,using

Lemma2,
Q�I#set� � h"«9�.# �� is anecessarycondition to have bothindifferenceandincentive compatibility. ¬

Once(8) is established,the restof theproposition follows easily. For (5) to characterize �� asthebest

response of theprincipal, v mustbeof theform givenby (11). In (10), recovering thedistribution b from

its associatedhazard rate v involvessolving an ordinarydifferential equation. ­ Given (8) and(11), v is

completely specified;hence(10) is obtained.Applying (3) yields(9).

Given the equilibrium strategy b for the agent,the contract offered by the principal is the screening

contract described in Proposition 1. Sinceall purestrategies in the supportof the mixed strategy played

by theagentmustyield thesamepayoff, his ex postinformationalrentmustmatchthe investmentcostof

having a moreor lessex postefficient type. Whentheagentinvests�®�s� 7 , hedoessowith the intent of

producing for theprincipal but he is alsoreducing his ex postreservationpayoff by � 7 � � � � �?�N�B� . Theex

postrent
Ql � �)� of theequilibrium contractconcededto a type � agentcompensatesexactly for thatamount.

Thesearequasi-rents, in the Marshallian sense,sincetheserents arenothing morethana minimum fair

return onpastinvestmentin capital (Hart1995).

Theincompleteinformation approach of Step2 statesthattheagentshouldproduceanamountthatmax-

imizestheex postvirtual surplus.Thecompleteinformationapproachof Step3 statesthattheagentshould

produceanamountthatturnshis rentinto aquasi-rent. It is rational to invest aslongastheopportunity cost

of investmentis no greater thantheex post informationalrentassociatedto a higherinvestmentlevel. The

informationalrentthusincludes thecostof investmentasaquasi-rent.From(1), (2) and(9),

Q
 � �/�0� � 7 K &(� �� � �/�.� �)� A (12)

Substitute � by � � � �V� in (12)and(2) to getexpressionsfor thetransferandtherentasfunctionsof � ,

Q
x¯M� ��� �V��� � 7 Kz� � �V� � (13)Ql ¯M� ��� �V��� � 7 � � ��� � ��� �(� �N�B�.�
where“ ¯ ” is thecomposition operator (seetheproof of Lemma2). Thetransfer combinesa fixedpayment� 7 andaconditionalpaymentthatevolveswith thelong-runcost. Having received � 7 , a“type” � agentmust

thenchoose� in orderto minimize
&V� ���.�/� � � � �(� . By theenvelopeproperty of thelong-run costfunction,

theagentwill minimize this lossto zeroby choosing �� � �/� . Doing so,his informational rent is reducedto

thequasi-rent � 7 � � � � �?�N�B� .
From (12) or (13), the equilibrium contract is a cost-plus contract, generally considered to be at the

11



lowestendof thespectrumof incentivecontracts.However, thecontractdoesprovide incentivesto produce

efficiently, sinceanagentwhoproduces� doessoat thelowestpossiblecostonhis long-runcostcurve. It is

only to theextentthathedoesnot invest � � with certainty thattheallocationremainsinefficient. Investment

is neverthelessgreater thanin theperfect information caseof Step1.

As is apparentfrom (10)and(11), theshapeof thedistributionof investmentdependsontheopportunity

costfunction alone.Thefollowing analytical examplesshow thatthetechnologicalassumptionsallow many

shapesof thedensity function: In thefirst example,thedistribution is skewedto theright, in thesecondit is

uniform, while in thethird, it is skewedto theleft.

Y
Example 1. Let thecostfunctionbe

&V� �>� �/�$�C° m ¦ 4�§ � � � �/�9K ¦ 4�§ � �)� o � � H ° H � A
With this specification, � 7 �±� and � � � �]² � � °�� . The efficient allocation is to invest � � andto produce� � � �L³´² � � °0� . If investmentis observable, theagentinvests � 7 , produces� � � � 7 � � �µ� �]² � � °�� andgetsa

zeropayoff. If investmentis not observable, hegetsthesamepayoff over c while producing �� � �/�w� ³ � .

Using(10)and(11), theequilibrium distribution is givenby b � �/�0�G° ¦ 4-§ � �/� . Thedensity increaseson c
andis skewedtoward � � .Y

Example 2. Thecostfunction is &V� ���.�/�0� � � � �/� � Kz� � A
Thefirst bestsolution is to invest � � � � � ³ andto produce� � � �

. If investmentis observable, theagent

invests � 7 �	� andproduces � � � � 7 � � ��� � � ³ . If investmentis not observable,theequilibrium allocation is

implementedby having a type � agentproduce �� � �/��� ³ � for a transfer
Q
 � �/��� ³ � � . Theagentrandomizes

on cr�seg��� � � ³ h with auniform distributiongivenby u � �/�0� ³
.

Y
Example 3. Thedistribution is now skewedtoward � 7 . Let

&V� ���.�/�$� � �³ � K � �¶ A
The first bestsolution is to invest � � � �

andto produce � � � �
. If investment is observable, the agent

invests � 7 �±� andproduces� � � � 7 � � �I�±� . If investmentis not observable,the equilibrium allocation is

implementedby having atype � agentproduce�� � �/�0�+�¸·¹ . Thehazard ratefunction is v � �/�0�rº�» � � �-¼ «9�
andthe the distribution on e �-� � h is given by b � �)�_� �½� º ��� » �-¼ � . It hasa decreasing densityandis

skewedto theleft.
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3. Comparative Statics�
Considera family of cost functions parameterized by ¾ . As ¾ changes,the equilibrium contract

andtheequilibrium distribution b alsochange.Comparative staticsfor thecontractareeasybecauseonce&V� ���.�?¿�¾/� is defined,the contract �� is obtaineddirectly from (7). What is lessobvious thoughis how this

changeaffects the equilibrium distribution of investment. Supposethat, as ¾ changesÀ , the new agent’s

randomization first-orderstochastically dominatestheold one;allowing aslightabuseof terminology, I will

saythatinvestmentbecomesstochastically larger. � 7
Proposition 3 Supposethat � 7 weaklyincreaseswith ¾ andthat v weaklydecreases��� with ¾ . Theninvest-

mentbecomesstochastically largeras ¾ is increased.
Y

Corollary 2 Supposethat
&

hasa separableform
&V� �>� �/���ÂÁ � ���.�/�xK�Ã � �?¿�¾�� , where Ã <�Ä � �?¿�¾�� J � for all����c . Theninvestmentbecomesstochastically larger as ¾ is increased.

Y
I presenttwo variationsof thebasemodelthatpermitcomparativestaticsusingtheseresults. In thefirst,

Proposition 3 is usedto show thatanincreasein thereservationpriceof theagentleadsto moreinvestment.

In the second,Corollary 2 is usedto show thatan increasein the bargaining power of the agentor in the

privacy of his investmentmove leadsto moreinvestment.Y
Market opportunity. Supposethat the goodmay be produced either in a generic or in a specific

variety. Thegeneric variety canbeboughtor soldat a price Å H �
on themarket. Thespecificvarietycan

alsobesoldatprice Å onthemarketbut canonly beboughtfrom theagentatapriceto beagreedupon.The

principal valuesthegenericvarietyat zero. Themarket doesnot attributea different valueto the specific

variety but theprincipal does.Thereareno economiesof scopein usingtheagent’s installed capacity for a

joint production of bothvarietiessothatthecostof producing any bundleof thetwo varietiesis a function

of thetotal amountproducedalone.Theagentis freeto sell any quantity hewisheson themarket.

Let
Q&V� �wKaÆ��.�/� betheproduction costof a total quantity �,KaÆ where � is soldto theprincipal and Æ is

soldonthemarket. Given � , theagentwill chooseÆ to maximizehisprofits. Let
Q� ���

,
Q� ��� and

Q� ��� bedefined

like � ���
, � ��� and � ��� but from

Q&
insteadof

&
. Definetheregion Ç � ÅÈ�w#^S � ��� �)�TÉ Q& 5 � ���.�/�½�ÊÅ U

whereit is

not strictly profitableto producefor themarket. Takingopportunity costsastheconverseof profits,define

&(� ��� �)�0# � 1Ë3�4Ì 6/7 Å�Æ ��Q&V� �µKzÆ��.�/�0# ÍÎÎÏ ÎÎÐ
Q&(� ��� �)� if

� ���.�/�[�]Ç � ÅÈ� ,
Åx� �+Q� � � �!��ÅÈ� otherwise.

Theagenteither usesall his capacity to supplytheprincipal (by raising his short-run marginal costabove

themarket price) andhis opportunity costequalstheproduction cost,or he retains somecapacity andthe
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opportunity costof contracting equalstheactual lossin marketsalesÅx� netof thetotalprofit hecouldhave

madeon themarket. Noticethat � 7 � Q� ��� � ÅÈ� , � 7 �2Å and � 7 � Q� ��� � ÅÈ� .
Considerapplyingthetechnologicalassumptionspresentedin section2 to

Q&
with assumptionInt. simply

stating that a profit canbe realized at the currentmarket price. Within Ç � ÅÈ� , theseassumptionstranslate

directly to
&
. It is easyto verify that Ç � ÅÈ� includesthegraphof all theequilibriumpoints S � �>� �/�=Ég����c����I�

�� � �/� U . Thecontractof Proposition 2 yields � 7 # �� � � 7 �µ� Q� ��� � ÅÈ� at � 7 which is themaximumamountthe

agentis readyto produce for theprincipal if heexpects to bepaidno morethanthemarket price. � � From

(13), theprincipal paysanagentwhoproduces� units(where���a� 7 ) atransfer 
8¯!� � � �(�0� � 7 K�� � �(�[�zÅx� .

Sincethe principal paysmorethanthe market, the strategy profile described in Proposition 2 remainsan

equilibriumhere.�|�
A rise in the market price Å shifts the point

� � 7 �@� 7 � in the NE panelof Figure1 alongthe long-run

marginalcostcurveandthepoint
� � 7 ��� 7 � in theSEpaneldownwardthe �� curve. The �� curve is notaffected

by thischangesince thecostfunction is independentof Å within Ç � ÅÈ� . As aresult, theeffect of arisein the

marketpriceis characterizedby ashrinking of c andtheimage �� � cÑ� . Since �� doesnotchange, v doesnot

change.Since � 7 strictly increaseswith themarket price Å , Proposition 3 implies thata rise in themarket

priceleadsto astochastically largerinvestment.

Y
Bargaining and Observability. Considerageneralizedversionof themodelwhereboththeconcepts

of bargainingpowerandobservability areparameterized.Add exogenousuncertaintyby consideringthetwo

following exogenousevents:

event Ò : theprincipalhasthebargaining powerat thecontracting stage;

event Ó : theagent’s investmentis notobserved.

In event ÔµÒ (thecomplementof Ò ), it is theagentthatholdsthebargaining powerwhile in event Ô	Ó ,

theinvestmentis observedby theprincipal. Assumethatbothplayers commonlylearnwhich combination

of eventsis realizedaftertheinvestmentstagebut prior contracting takeplace(in point Õ in Figure2). When

theagenthasall thebargaining power, theallocation(thendecidedby theagent)is efficientandindependent

of whetherhis investmentwasobservedor not. Partition Ò into two otherevents ÒCÖ�Ó and Ò×Ö®ÔwÓ . LetØ
be themarginal probability that theprincipal hasthebargainingpower and Ù be theconditional (on Ò )

probability thattheagent’s investmentis notobserved. With thisnotation,we getthreeexclusive events:

event ÔµÒ ÒCÖ�Ó Ò×Ö'ÔwÓ
probability

��� Ø Ø Ù Ø ����� Ù9�
14



Theparameters
Ø

and Ù areto be interpretedasmeasuresof the theexpected bargaining power of the

principal andof theprivacy of theagent’s investmentmove. Thecases
� Ø ��Ù9�µ� ��� �.�(� and

� Ø ��Ù9��� ��� � � �
werestudied in Steps1 and3. Thecases

� Ø �.�(� areasimplevariationof Step1. In thecases
� ����Ù9� , theagent

realizesandcapturesthetotal ex antesurplus. I considernow theremainingcaseswhere
Ø Ù¡��� .

Let
Q&

bethe“real” opportunity costfunction and
Q� �

its associatedshort-runprofit function. In theeventÔµÒ , theagentwill proposeto produceefficiently in orderto realizeandcapture the full surplus
Q� � � �?� � � .

In the event Ò×Ö'ÔwÓ , the principal (now fully informed)will alsoproposethat the agentshouldproduce

efficiently, but for a reducedtransfer that allows the agentto realize only his ex post reservation payoffQ� � � �?�N�B� like in Step1. The problemis to characterize the ex ante investmentmove of the agentandthe

screeningcontract offeredby theprincipal in theevent ÒGÖ�Ó .

Definetheopportunity costfunction
&(� ��� �)� of producing� with � in theevent ÒGÖ¡Ó from

� Ø Ù �=&(� ��� �)�0# ����� Ø � Q� �8� �?� � �9K Ø m ����� Ù9� Q� ��� �!�.�B� � Ù Q&V� ��� �)� o A (14)

Up to a multiplicative constant
� Ø Ù9� , the agent’s expected profit if the principal buys � unitsat price � in

theevent ÒGÖ¡Ó is then � � ��� �!�"��� . If thefunction
Q&

satisfiesthetechnologicalassumptions,sodoes
&
. The

equilibrium distribution of investmentandthe equilibrium contract proposed by the principal in theeventÒCÖ�Ó arethengivenby Proposition 2. Noticethat
&

is separablewith respectto
Ø

and Ù with:

Ã � �?¿ � Ø ��Ù9�$� �'m ��� ØØ Ù Q� � � �?� � �9K ��� ÙÙ Q� � � �?�N�B�|o?A
Lemma4 below ensuresthat Corollary 2 applies, so that a decrease in

Ø
or an increase in Ù leadsto a

stochastically larger investment.

Lemma4 Wehave Ã <Ú: «)Û � �!¿ � Ø ��Ù9� H � and Ã <=: Ü � �!¿ � Ø ��Ù9� J � , for all �Ë��c .
Y

4. Conclusion�
Wheninvestmentis unobservedby theprincipal, its expected level risesastheagentis givenmore

incentives to invest, thus increasingthe incidenceof ex post inefficienciesin production. Underperfect

information,the agentinvests too litt le but alwaysproducesefficiently. Underimperfect information, the

agentinvests morebut generally under-produces.Sincehereceivesa payoff � 7 whetheror no thegameis

playedunderasymmetric or symmetricinformation,andsincetheprincipal canalwaysensureherself the

equilibriumpayoff of theperfectinformationgame,unobservability increasessocialwelfare. Thisis in sharp

contrast with Bayesiangamesof incomplete information wherethe unobservability of typesdiminishes

socialwelfareasplayersengagein rent-seekingbehavior.
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This important differencecanbe explained by a classical second-bestargument: whendealingwith

onemarket imperfection(noncommitment),introducing another(imperfectinformation)mayimproveeffi-

ciency. Thiseffectdoesnotappearin traditionalBayesianmodels,becauseit is assumedthatthedistribution

of typesis exogenous,andthereforeunaffectedby theobservability issue.It follows thatgoingfrom unob-

servableto observabletypesincreaseswelfare asall inefficienciesassociatedwith bargainingunderasym-

metric information areresolved. When“types” areendogenous,observability causes the typedistribution

to collapseto � 7 at agreatcostin socialwelfare.Unobservability allowsmore“types” to beplayed andthe

presenceof moreefficient typesdominatesthefactthatmosttypesnow produceinefficiently.

Theapproach takenherecanbeextendedto mostadverseselectionmodelsto improveourunderstanding

of contractsbothonnormativeandpositivegrounds. Incomplete information modelsareroutinely used,for

instancein the regulatory literature (seeLaffont andTirole, 1993)to rationalize the useof high-powered

incentivesschemeslike pricecapsin lieu of rate-of-return regulation. In sucha setting, thedistribution of

typesis assumedexogenousandthereturn to a“good” typeis considereda“rent”. Any conclusionaboutthe

relativemeritsof variouscompensationschemeswill dependheavily on theassumptionsmadewith respect

to thedistributionof types.

For example,if a principal believesthat the proportion of high-cost typesin a population is high, she

shouldconstruct an incentive schemedesigned mainly for thesetypes; that is, an incentive schemethat

allows the few low-cost typesto extract a lot of informational rent. But if the distribution of “types” is

endogenous,thenthesehigh rents motivatehigh-costagentsto improve their “type”. In theend,becauseof

thedistributionshift, theprincipal mayenduppayinga larger rentthansheintended.

Thisstudyinternalizesall of theseeffects. Theequilibriumcontractsharesthesamequalitative features

as the incompleteinformation model, but it is robust to the feedback effect of a given contract on the

distribution of “types”. Factorsthataffect theincentivesto investdeterminetheequilibrium distribution of

typesandthusthenatureof thecontract.

Froma positive pointof view, theaim of contract andorganizationtheoryis to explaineconomicstruc-

turesasasystemic endogenous responseto addresstransactioncosts.In particular, opportunity costsgener-

atedby opportunisticbehavior andasymmetrical informationareassumedparamount. Ultimately, thelinks

betweenpure technological factors (or preferences)andeconomicstructuresshouldbe explicit. Models

thatrely on anexogenously specifieddistribution of (economic) typesareanimportantbut transitional step

toward thedevelopmentof sucha theory. Thescreening contract constructedheredoesnot dependon an

exogenousdistribution of typesbut it takesasgiventhecommitmentcapabilities of theplayers.A natural

stepforwardfor future researchwouldbeto endogenizethesecapabilities.
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A Appendix

�
Theproofsof all thelemmas,propositionsandof corollariesfollow.

Proofof Proposition1. Given b , anoptimalcontract solves

Program 2: 1�3�4~5.: ~Z y << �=Q� � �/� � Q
 � �)����u � �/��}-�!�
subjectto, �Ë��3����(1�384ÝwÞ>ß < : <Nà Q
 �@j � �'&V�=Q� �@j �.� �)� ��������c�� (IC)Q
 � �)� �®&(�=Q� � �/�.� �/�[� � ��� �!�.�B�á�9�Ë��c¡A (IR X X )

Equation(IC) expressestheincentivecompatibility constraints.Giventhattheagentreports informationj
about � thatmaximizeshisex postpayoff, they state thatreporting � shouldbeabestresponsefor a type� agent.

Program2 is a classical principal-agent problemà la Guesnerie andLaffont (1984)thatcanbesolved

usingthedifferentiableapproachthatresumestheconstraints(IC) via theirassociatedfirst-orderconditions

whenthey arenecessaryandsufficient. Assuminga differentiablesolution
�=Q�>� Ql � , thefirst-ordercondition

of (IC) yieldsanexpression for themarginal rent:

Ql < �@j �0� \ < �=Q� �@j � � j �9K m \ 5 �=Q� �@j � � j � � \ 5 �=Q� �@j � �.�/� o Q� < �@j � A (A1)

In a truth-telling equilibrium,
j �Â� , sothatthetermin thesquare brackets vanishes. If � is anincreasing

function, (A1) will alsobesufficient to solve (IC). � E Theconstraints(IC) arethenreplaced by (4) andQl < � �)�0� \ < �=Q� � �/� �.�/�.A (A2)

Integrating(A2) over eg� � �Bh yields (3). Using (2), the(IR X X ) constraints now read
Ql � �/�I�s� for all � . S.C.

and(A2) imply that
Ql < � �)�[�2� for all � sothatthe(IR X X ) constraint of type � subsumesall theothers.

Substitute (3) into (2) andsubstitutetheresulting expression for 
 � �)� into themaximandof Program2.

Expressthatmaximandin termsof ex postvirtual surplusby integratingby partsandreplacethe(IC) and

(IR X X ) constraintsby (4) and
Ql � � �[��� to getthereducedform givenin theproposition. Q.E.D.

Proofof Corollary 1.
Ql � � �0�G� is anecessary condition. Considertherelaxedprogramwhereconstraint (4)

is not imposed.Reg. thenensuresthat themaximandof Program2 is strictly concave in
Q� � �)� so that the

first-ordercondition (5) associatedto
Q� � �/� characterizesa globalmaximum. If thesolution of the relaxed

programis monotonous,thenit alsosolvesProgram2. Q.E.D.
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Proof of Lemma1. Once � is invested,a maximalexpectedsocialsurplus� � � �?� � � may be realized. The

principal’s payoff is boundedbelow by zero: any contract that would result in a negative payoff against

sometype � is weaklydominatedby onethatstipulates
Q� � �)�w� Q
 � �/�,�â� in thatevent. Consequently, the

agent’spayoff is boundedaboveby � � � �!� � � . Becausereturnsarebounded,thisboundeventuallydecreases

below � 7 as � is increasedbeyondsome �� where � � � ��!� � �w� � 7 . Hence,any �Ñ� �� is now dominatedby� 7 . Q.E.D.

Proof of Lemma2. Let “ ¯ ” be thecompositionoperator: uË¯Mã � D9�w#^u � ã � D���� . Stab. andS.C.ensurethat

thedemandandsupplyfunctionsareinterior solutions. By definition
& 5 � �� � �/� �.�/�½#	� � � �/� . Replace� by� ��� � ��� to get

& 5 � ���¯�� ��� � ���.� � ��� � �9���0#%� andconcludefrom S.C.that ���¯�� ��� #C� ��� . Apply � � to bothsides:� � ¯ ��µ¯M� ��� #+� � ¯�� ��� #+� ��� . Hence� � ¯ �� is theidentity function. Q.E.D.

Proof of Lemma3. Supposethat suchan equilibrium exists. The agentinvests a level �ä�seg� 7 �V��Bh that is

anticipatedby theprincipal. Sincestrict gainsfrom tradecanberealized,herbestresponse is to offer the

contract
� ����
�� derived in Step1 where �ä�i� � � �?� � � . Similarly, the bestresponseof the agentto any �

proposedby theprincipal is to invest � � � �V� in orderto minimizecosts. Thesetwo bestresponsefunctions

(seeFigure1) intersectonly when � � � �!� � �,�ået� � h «9� � �/�M# �� � �)� ; that is when �¡�â� � . Theagent’s payoff� � � � � �N�B� is thenstrictly lessthanthefeasiblepayoff � 7 . Sincetheagentis notmaximizing at theinvestment

stage,wehavea contradiction. Q.E.D.

Proof of Proposition 2. Supposethattheagent’sequilibrium strategy b hassupportc andis givenby (10)

and(11). Notice that
² ��1 <Næ.<ÚçpçN� èT� b � �/���é� andthat

² ��1 <�ê.<=ç|çN� � � b � �)�×� �
, so that thereareno atomsat

the endsof the support. Given b , compute
�=Q�>� Ql � from (5) and(3). Equation(5) is solved for all �ë�2c

if andonly if
Q�O� �� . Since �� is a strictly increasingfunction, Corollary 1 applies and

�=Q��� Ql � maximizesthe

principal’spayoff. To show that(9) obtains, noticethatif
Q�I� �� then

\ < �=Q� � �)� �.�/�$# �,& < � �� � �)� �.�/� � � < � �!�"��� A
By (7),

�w& < � �� � �/�.� �)�0#G� . Applying (3) thenyields(9).

I now verify thatrandomizing on c is optimal. Considertheproposedequilibrium contract in its form� ��>� Q
�� . Using(1), (2) and(9), Q
 � �/�0� � 7 K &(� �� � �/�.� �)� A (A3)
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Substitute � � � �(� for � in (A3)Q
x¯M� ��� �(�0# � 7 K &V� ��M¯µ� ��� �(� �.� �8� �V����# � 7 Kz� � �V� A
The marginal revenueof producing an additional unit is thus given by the long-run marginal cost up to

�� � � � ���å� � � � � � � �_�å� � . It is discontinuousin � � andzeroafterward. Sincemarginal cost is increasing,

the lowest value that marginal revenuemay take (beside zero) is � 5 � �(��# & 5 � �-�.� 7 � . S.C. implies that& 5 � ��� � 7 �]� & 5 � �-�.�/� for all �ì�i� 7 . In this case,increasing production as long asmarginal revenueis

no lesserthanmarginal cost
& 5 � ��� �)� is a necessary condition for profit maximization. An agentthat has

invested �®�äc producesa quantity � thatsolves � 5 � �(�w� & 5 � ���.�/� , that is ��� �� � �)� , andrealizesa profitQ
 � �/� �+&V� �� � �/� �.�/�¡� � 7 . The short-run marginal cost curve of an agentthat hasinvested � H � 7 lies

everywhereabove themarginal revenuecurve. Heproducesnothingandrealizesaprofit
�,&(� �-� �)� thatis no

greater than � 7 . Theshort-run marginal curve of anagentthathasinvested ���í� � lies everywherebelow

themarginal revenuecurve. Heproduces� � andrealizesaprofit
Q
 � � � � ��&V� � � �.�/�0� � 7 � e &(� � � �.�/� � � � � � �ph

thatis strictly lessthan � 7 . It follows that c is asubsetof thesetof theagent’sbestresponsesto
� ��>� Q
�� . The

agent’s payoff on c is independentof � sothatheis readyto randomize.Therandomization maythenbe

setarbitrarily to b . Wehave anequilibrium. Q.E.D.

Proofof Proposition3 andof Corollary 2. UsingLeibniz’s rule,differentiate (10),

b Ä � �)�0� ����� b � �)��� ¨ � v � � 7 ��î � 7î ¾ K�y <<�© v Ä �ï{ ��} { ª A
If � 7 increaseswith ¾ and v � �/� decreaseswith ¾ , then b Ä � �)� J � for all � , which is equivalentto first-order

stochastic dominance(seefootnote10).

If Ã <�Ä�J � , then
& <�Ä�J � . Apply theimplicit functiontheorem on(7) to show that

î � 7î ¾ � � & <�Ä& <;< ����¿ î �� � �)�î ¾ � � & <�Ä& 5�< J �-��������c�A
Differentiate(11)with respect to ¾ to obtain

m ���'& 5 o î vî ¾ � m v & 5�5 �'& 5�5�< o î ��î ¾ K m v & 5�Ä �'& 5�<�Ä o ���9����c�A
Thefirst two bracketed termsarepositive. When

&
is separable with respect to � and ¾ , the lastbracketed

termon ther.h.s.vanishes, and v is positively relatedto �� , hencenegatively relatedto ¾ . Proposition 3 can

thenbeapplied. Q.E.D.
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Proofof Lemma4. Let
Q� ���

and
Q� ��� bedefinedfrom

Q&
. An agentwho invests � � at thetopof theequilibrium

supportgetsto produceefficiently �� � � � �0�G� � � � � � � � . Differentiate(14)with respectto � , evaluatetheresult

at
� �� � � � � � � � � anduseS.C.to get

�ð# � Ø Ù & < � �� � � � � �.� � ��� ����� Ø KëÙ Ø � Q� �< � � � � � �xK Ø ����� Ù9� Q� �< � � � �N�B� H Q� �< � � � � � �.A
Since

Q� �
is strictly concave in � , the previous result

Q� �< � � � � � ���ñ� implies that � � H Q� ��� ��� � . For all� H Q� ��� ��� � , hencefor all ����c , wehave
Q� ���< � �!� � �[�2� . It follows that

Ã <Ú: «)Û � �!¿ � Ø ��Ù9�´� � Q� �< � �?� � �Ø � Ù H �-�ò�����¡c�A
Differentiate(14)anduseS.C.to get

� Ø Ù & < � ��� �)�0# ����� Ø � Q� �< � �?� � �9K Ø m ����� Ù9� Q� �< � �!�.�B� � Ù Q& < � ��� �)� o � ����� Ø � Q� �< � �?� � �9K Ø Q� �< � �?�.�(� A
For any �Ë��c andany equilibriumpair

� �� � �/�.� �/� , we have
& < � �� � �)� � �)�0�G� sothat

Ã <Ú: Ü � �?¿ � Ø ��Ù9�$� ����� Ø � Q� �< � �?� � �9K Ø Q� �< � �!�.�(�Ø Ù � J ���ò�9�Ë��c�A
Q.E.D.
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Notes

� Hart and Moore (1988) have initiated a string of modelswherea hold-up occursbecauseex post

renegotiationis unavoidableandcontractsareassumedto beincomplete. Informationis symmetricbetween

bothcontracting parties while a third enforcing party (thecourts) staysuninformed.An appropriatedesign

of the renegotiation process(Aghion, DewatripontandRey, 1994;Noldeke andSchmidt,1995)or of the

liti gationprocess(Edlin andReichelstein,1996)cansolve thehold-upproblemin thiscontext.�
In gametheoretic words,this is nota “type” but a “move”. Nevertheless, the(quoted)word “type” will

beusedfor aninvestmentlevel sinceit characterizesex posttheagent’spayoff function likeatruetypedoes

in theagency literature.

� Therearesomeolderexamplesin non-strategiccompetitivesettingsin the“quality-guaranteeingprices”

literature. SeeShapiro’s (1986)modelof a lemonmarketwheresellershave thechoice,throughinvestment

in humancapital, to either sell lemonsor quality services.DaughetyandReinganum(1995)have proposed

a modelwhereanendogenous“type” distribution emergeswhenfirms play a purestrategy with respect to

an R&D investmentdecision that involvesa randomoutcome. The distinction shouldbe madebetween

modelsin which theinformedparties play pure strategiesthatexogenouslyinvolve a randomoutcomeand

those,suchasin this paper, wheredifferentpurestrategiesareplayedthatbelongto thesupportof a same

mixedstrategy. Adaptedto astrategic setting, Shapiro’smodelwouldfall into thelatterclasswhile theother

belongsto theformer. Theimportant differencebetweenthetwo classesof modelsis thatobservability of

thestrategy playedyieldsnostrategic effect in thepurestrategy case– only theoutcomematters.

For instance,Laffont andTirole’s(1993)versionof thehold-upproblem underasymmetricinformation

doesnot result in a mixed strategy for investment because they make the implicit assumption that it is

not possible to contract after investmenthastaken placebut prior the agentknows precisely his random

production set. Furthermore, investment doesnot affect the supportof that randomset. One can show

in that context that it is doesnot pay for the principal to induceseparation of agentswith respect to their

investmentlevel (whichis notrelatedto thefeasibleex postgainsto trade). Theagent’spayoff function then

becomesstrictly concave in investmentandhasauniquemaximizerthatis played in purestrategy.

E Thevalue � 7 refers to Figure1. It equals� ��� � �B��#Ê� in this sectionbut it takesa differentvaluein the

first application of section 3. Seefootnote 12.

P Themarker Õ in Figure2 is usedin section3.
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q Considertheslopes of any two short-run marginal costcurvesat � suchaspoints ó and ¢ of Figure1.

WhenassumptionReg. holds,theslopeatpoint ó is no lesser thantheslopeatpoint ¢ .
¬ Fudenberg andTirole (1990)makeasimilarobservation.

­ Let � �Gb � �)� and � X �+u � �/� . Then,� X Kôv � �/� � �+v � �)� whichis afirst-orderlinear differential equation

solvedby (10).

À Differentiability with respectto ¾ is implicitly assumedthroughoutthissection.

� 7 Let D and � be randomvariables with distributions b and õ . The variable D is said to first-order

stochastically dominates � , denoted D�ö FSD
� , if b � �>� J õ � �>� for all � . If b ��� ¿�¾/� is a family of differ-

entiable distributionsparameterizedby ¾ , then b Ä J � is a sufficient condition to orderthesedistributions.

When D�ö FSD
� , D is saidto bestochastically larger than � in thesensethatwecanalwaysfind two random

variables D X and � X thathave thesamedistributionsas D and � andthataresuchthatProb
� D X � � X ��� �

. See

Wolfstetter(1999).

��� Thismonotonicity condition is notrelatedto theusualonewhichspecifieshow v changeswith � . In the

standard incompleteinformationmodel,thecondition v < �2� is sufficient (when
& 5�< < �2� ) to ensurethat

Q�
satisfiesthemonotonicity condition (4). No suchcondition wasrequiredin Step3 becauseS.C.ensuresthat

theequilibrium
Q� , namely �� , is monotonousanyway.

� � Thevalue � 7 in Figure1 is notzeroasin thebasemodelbecausetheopportunity costfunction
&

doesnot

satisfy the technologicalassumptions everywhere.Noticethat
&

is convex but not strictly sooutside Ç � ÅÈ�
andis continuouslydifferentiablebut not three timesat thefrontier of Ç � ÅÈ� . Nevertheless,thestructureof

theequilibrium is notaffectedin thiscase.

�|� Noticethat Å�� Q& 5 � � 7 �.� 7 ���ì� 5 � � 7 � . For ���a� 7 , we have

� 7 Ka� � �(�0� Q� ���8� ÅÈ�9Kz� � �(���2Åx� 7 � � � � 7 �9Ka� � �(�0�CÅx� 7 Kzy 55 © � 5 � Æ(��}�Æ��
�aÅx� 7 K y 55|© � 5 � � 7 ��}�ÆI�CÅx� 7 KëÅ � � � � 7 �0�CÅx�>�

wheretheequality holdsonly in � 7 . Hence,a “type” � 7 agentis paida price Å by theprincipal. This agent

is indifferentbetweenproducing for themarketor theprincipal. Proposition 2 selectsanequilibriumwhere

this agentproduces only for theprincipal. For any other � , theprincipal paysmorethanthemarket andthe
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agentproducesonly for theprincipal.

� E SeeLaffont andTirole (1993),§ A1.4, for aproof.
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Figure2: A sketchof thegamein extensive form.
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