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ABSTRACT. In many agriculturalproductioncontracts,downstreamagentsexercisecontrolover oneor more
of the inputsusedby upstreamagents.In theU.S.,for example,chickenprocessorstypically provide growers
with chicksandfeed,while vintnersspecifyproductionparametersthatwine-grapegrowersmustcomplywith.
This paperprovidesa mechanism-design-theoreticrationalefor suchpractices.In a productionprocesswith a
laborandacapitalinput,wecompareabasiccontract, in whichtheagentchoosesinput levels,with arestricted
contract in which theprincipalcontrolsthecapitalinput. Weshow thattheprincipal’sprofitsarealwayshigher
undertherestrictedcontract.In ordertocompareoutputandsocialsurplusundertheoptimalrestrictedandbasic
contracts,wedevelopaconstructionthatpreservesthestandardmechanism-designframework, but allowsusto
varycontinuouslythedegreeof informationasymmetry, andthenapplycalculus/comparativestaticstechniques
in a neighborhoodof the symmetricinformationbenchmark.Output is higherunderthe restrictedcontract,
becausetheprincipalallocatescapitalto mitigateher informationcosts.However, this mitigationdistortsthe
capital-laborratio away from the efficient (neo-classical)ratio andthis distortion is socially costly. The net
effect of this tradeoff dependson theelasticityof substitutionbetweeninputs: therestrictedcontractresultsin
highersocialsurplusthanthebasiccontractif labor andcapitalaresufficiently complementary, andin lower
socialsurplusif laborandcapitalaresufficiently substitutable.
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1. INTRODUCTION

Non-laborinputsoftenplay an importantrole in principal-agentrelationships.A principalmaysupplyan

agentwith necessarynon-laborinputs,or mayspecifycontractuallytheinputsthat theagentmustuse.For

example,constructioncontractsmay specify building materials. Military procurementcontractsusually

specifycomponentmaterials. In agriculture,productioncontractsbetweenfarmersandprocessorsoften

specifyallowablefertilizers,seedstock,andotherproductioninputs.Thereareanumberof reasonsaprinci-

palmayseekto controlinputs.Inputqualitymayaffectoutputquality, andbecheaperor easierto measure.

Agents’ input choicesmaybesubjectto a moralhazardproblem;by specifyingtheinput theprincipalmay

entirelyavoid associatedcosts.We focuson anotherinformation-driven motivationfor input controlby the

principal: by controllingnon-laborinputs,the principal canreducethe informationrentshe incursdueto

adverseselection.

Whenagents’abilities (their effectivenessin production)differ andareunknown to theprincipal,hemust

designanincentive-compatiblecontractthatwill induceagentsto revealtheirtruetypes.Whentherearetwo

possibleagenttypes,the standardprincipal-agentsolutioninvolvesoffering a low ability agenta contract

thatpayshim his reservationutility anddistortshis productionbelow his full informationproductionlevel

(due to the needto inducetruthful revelationby high ability agents),andoffering a high ability agenta

contractthat payshim his costsof productionplus the returnsshewould obtain from choosingthe low

ability agent’s contract(his informationrents)andrequireshim to producehis full informationoutputlevel.

We show that by specifyingnon-laborinputs the principal canalways lower the information rentsfor a

givenpair of ability-specificoutputlevels,andthattheprincipal’s optimalcontractmenuwill alwaysresult

in higherprofitswhenhecontrolsinputsrelative to whenhedoesnot controlinputs.

Ourconceptualizationof inputspecificationby theprincipalcanbeviewedasencompassingtwo cases:first,

theprsncipalsimply providestheinput(s)in questionto theagent;second,theprincipalspecifiesinputsin

thecontractwith theagentandthe(non-labor)inputsactuallyusedby theagentareverifiableby athirdparty.

Thereareotherconsiderationsregardingnon-laborinputsin aprincipal-agentrelationship.For example,the

principalmaybelessinformedregardingtheprecisenatureof theproductionfunctionthantheagentis. This

asymmetricinformationwill imposea costof input specificationon theprincipal,sincehemayincorrectly

choosetheinput. Similarly, anagent’s choiceof inputsmayprovide informationregardinghisability. Here,
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wemaintainthattheprincipalandagentareequallyinformedabouttheproductionfunction,sothattheonly

informationasymmetryis thattheprincipaldoesnot know theagent’s type.

Proposition1, which statesthat input controlalwaysincreasesprofits for theprincipal,canbeviewedasa

relatively straightforwardapplicationof theLeChatelierPrinciple.Thatis, theprincipalis betteroff whenhe

canchoosetheinput-labormix for eachcontractoutputlevel thanwhentheagentchooses.Here,thestrict

inequalityis dueto thefact that theagentconsidersonly neoclassicalproductioncosts,while theprincipal

considersinformationcosts.Similarly, theprincipal’s controlof inputsundertheoptimalrestrictedcontract

is an additionalconstraintfacingthe agent relative to his maximizationproblemunderthebasiccontract.

Given thediffering interestsof theprincipalandtheagent,theLeChatelierPrinciplecannotbe appliedto

ranktotal socialsurplusunderthetwo contracts.

While inputcontrolalwaysresultsin largerprofitsfor theprincipalunderheroptimalcontractmenurelative

to heroptimalcontractmenuwithout input control, theconsequencesfor societyasa wholearelessclear.

We develop a constructionin which an arbitrarily small amountof asymmetricinformationis introduced

into the principal’s maximizationproblem. We assumethatwith probability closeto one,thehigh ability

agent’s typeis revealedto theprincipal,while thelow ability agent’s typeis revealedwith probabilityone.

We begin our analysisof this experimentby establishing,in Propositions2 and4, thatunderboththebasic

andtheoptimalcontracts,outputproducedby the low ability agentundertheoptimalcontractdeclinesas

thedegreeof informationasymmetryincreasesWe alsoshow (in Proposition3) that thecapital-laborratio

for the low ability agent’s restrictedcontractis higherthantheneoclassical,cost-minimizingratio for any

givenq. Theprincipaldistortsthecapital-laborratio in orderto reduceherinformationrents.Proposition5

demonstratesthat for any givenq, informationrentsfor thelow ability agentarelower undertherestricted

contractthanthebasiccontract.

Proposition6 establishesthatoptimalcontractassignsahigherlevel of outputto thelow ability agentwhen

non-laborinputsarespecifiedthanwhenthey arenot. This gain in outputclearlyenhancestheprincipal’s

revenues. However, thereis an offsetting distortion in the labor-input ratio which may reducethe total

socialsurplusgenerated.Proposition7 identifiesconditionsunderwhich oneor otherof thesedistortions

dominates.If thedegreeof informationasymmetryis sufficiently small,andlaborandcapitalaresufficiently

complementary, the restrictedcontractwill result in highersocial surplusthan the basiccontract. If are

sufficiently substitutable,thereverserelationshipholds.
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Our analysisis relatedto the literatureinitiated by Averch & Johnson(1962) on the effect of cost-plus

pricing regulationon firm behavior. In their seminalpaper, publicutilities regulatedundercost-pluspricing

have anincentive to overinvestin capital,sinceit will increasethebasefor their rateof return.Thisdistorts

the capital-laborratio from its first-bestlevel. In their case,the distortion is not a responseto a market

failure,suchastheasymmetricinformationcasewe examine. Sincethedistortionmovestheutility away

from themostefficientsolution,it alwaysreducessocialwelfare.In contrast,wefind thatin thepresenceof

asymmetricinformation,adistortedcapital-laborratiomaybeassociatedwith ahigherlevelof socialsurplus

thanwould a non-distortedratio. While thereareformal differencesbetweenour setups(mostimportantly

their assumptionof a naturalmonopolywhile we assumedecreasingreturnsto scaleanda constantprice),

ourfindingssuggestthatin somecasesadivergenceof theratioof marginal revenueproductsfrom theratio

of input pricesmaybeassociatedwith efficient, ratherthaninefficient, regulation.

The effect of the principal’s control of non-laborinputson informationrentsunderadverseselectionhas

largely beenignoredin theagency theoryliterature. Implicitly, the literaturehasassumedthat thereis no

substitutabilitybetweenlabor andinputsthat may be controlledby the principal. Perhapstheclosestline

of researchfocuseson theprincipal’s choicebetweenmonitoringoutputandmonitoringagenteffort when

botharefeasiblebut costly. Maskin& Riley (1985)find that theprincipalprefersto monitoroutputwhen

theagentis theresidualclaimant,sincehigh ability agentsexert moreeffort whentheirmarginal incentives

arenot distorted. Khalil & Lawarree(1995)find that the principal will prefer to monitor labor whenhe

is the residualclaimantandoutputwhentheagentis the residualclaimant,provided that input andoutput

monitoringarefeasibleandequallycostlyto theprincipal.

Thepaperis organizedasfollows: SectionTwo introducesthebasicmodel,andprovesthat theprincipal’s

profitsarehigherundertheoptimalrestrictedcontractthanundertheoptimalbasiccontract.SectionThree

establishesresultsregardingquantity changesfor the two contracts,and comparesthem. SectionFour

comparessocialsurplusunderthetwo optimalcontracts.SectionFiveconcludes.
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2. THE MODEL

Webegin with astandardprincipal-agentmodel.Theagentmaybeoneof two types;eachtypehasaccessto

adistinctproductionfunction,andonetype’s functionis moreproductive thantheother. Bothprincipaland

agentareperfectlyinformedaboutthespecificationof thesefunctionsandtheprobabilitydistribution over

types.Theagent’s realizedtype,however, is unknown to theprincipal. Theprincipal’s goalis to maximize

herprofitsfrom production,whichdependon theagent’s ability. To inducetheagentto revealhis truetype,

shemustprovidehim with amenuof contractsthatprovidehim with adequateincentivesto do. Weassume,

asis theconventionin modelsof this type,that theprincipalcannotobserve the level of laborsuppliedby

theagent.Further, we assumethat theprincipal cannot observe capital whenit is suppliedby theagent,

nor cana third partyverify the level of capitalsuppliedby theagent.Shecan,however, observe capitalif

shechoosesto control it by supplyingit herself. We assumethatcapitalis homogeneous,so thatonly the

level of capital,andtheagentwhousesit, arerelevantto production.In thissectionweformally developthe

componentsof ouranalysis,andexaminetheprincipal’s problemwhenshecanandcannotspecifycapital.

TheProductionFunction: Productiondependson capital,laborandtheagent’s ability level, or type. There

aretwo types,“low” and“h”. θ ��� θ ��� θh � is theagent’s truetype,with θ ��� θh. Pr	 θ 
�� 0 � θ ��� θ �
� θh � is

theprobabilitythatanagent’s typeis θ. θ � � � θ � � θh � is theagent’s announcedtype.Wewill referbelow to

agents“ � ” and“h”.

We make a numberof assumptionsregardingtheproductionfunction f . For eachθ, themarginal products

of labor, capitalandability areall positive ( fe � fk � fθ � 0), and f is strictly concave in 	 e� k 
 , i.e., fee� fkk � 0

and feefkk � f 2
ek. An increasein ability positively affectsthemarginalproductsof laborandcapital( feθ � 0,

and fkθ � 0). Thefollowing additionalconditionson f aresatisfied:

A1: for eachθ, f is homogeneousof degreeα � 1 in eandk, and

A2: θ is “technologicallyneutral”in thesensethatfor eachθ � θ � , fe � e� k � θ �
fk � e� k � θ ��� fe � e� k � θ ���

fk � e� k � θ � � for fixedeandk.

In sections3 and4, we shallbeevenmorespecificthanA2 andassume

A3: thereexists f � satisfyingA1 suchthatfor θ ��� θ � � θh � , f 	�������� θ 
 � θ f � .
Theseassumptionsensurethatisoquantsfor differentability levelsareparallel.If theisoquantswereallowed

to cross,the analysiswould becomemuch more complex, with little insight added. This restriction is
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functionally similar to the single-crossingpropertythat is often imposedin single input principal-agent

problems.

Agent’s Utility Function: The agentwill receive a lump-sumtransferpaymentfrom the principal and in

returnwill deliver a specifiedlevel of output,contributing labor and,in the ‘basic’ contract,capital. The

agent’s outsidealternative is to provideherlaborat thegivenwage-ratew perunit laborsupplied.Thewage

rate,w, exactly compensatesfor the agent’s constantmarginal disutility of labor, so that her reservation

utility whenshedoesnot supplylabor is zero. In orderto inducetheagentto participateat a labor level e

andcapitallevel k, theprincipal’s transferpaymentmustat leastcover theagent’s cost,we � rk.

Input levels: If anagentof typeθ acceptsa basiccontract(definedbelow asa contractin which theagent

choosesinput levels) to produceq shewill solve the(neo-classical)optimizationproblemmink we � rk s.t.

f 	�	 e� k � θ 
 � q. Let � ẽ	 q � θ 
�� k̃ 	 q � θ 
! denotethesolutionto this problem.We will refer to this input vector

astheneoclassicalinput mix for q. Becausef is strictly concave, theneoclassicalmix is uniquelydefined

by thefirst ordercondition:

0 � r fk � ẽ	 q � θ 
�� k̃ 	 q � θ 
�� θ  � wfe � ẽ	 q � θ 
�� k̃ 	 q � θ 
�� θ  (1)

Let C̃ 	 q � θ 
 denotethe typeθ agent’s productioncostof delivering theoutputlevel q with theneoclassical

input mix:

C̃ 	 q � θ 
 � wẽ	 q � θ 
 � rk̃ 	 q � θ 
 (2)

Similarly, letC 	 q � k � θ 
 denotethetypeθ agent’s productioncostof deliveringtheoutputlevel q with capital

level k:

C 	 q � k � θ 
 � we	 q � k � θ 
 � rk (3)

For futurereference,notethatby definitionof k̃ 	 q � θ 

∂C 	 q � k̃ 	 q � θ 
�� θ 


∂k � 0 � for all q andall θ. (4)

Contracts: A basiccontract is amappingfrom typesto outputlevelsandtransfers,θ "#	 q̃ � t̃ 
 � 	 q̃ 	 θ 
�� t̃ 	 θ 
�
 .
Wewill sometimeswrite 	 q̃ � t̃ 
 as $%	 q̃� � t̃ � 
��&	 q̃h � t̃h 
�' . A restrictedcontract is amappingfrom typesto output
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levels, capital levels and transfers. We will write 	 q � k � t 
 either as 	 q 	 θ 
�� k 	 θ 
�� t 	 θ 
�
 or as$%	 q� � k� � t � 
��&	 qh � kh � th 
�' .

Ourmodelhasthestandardpropertythatin any optimalcontract,thedifferencebetweenthetransferoffered

to agent“ � ” andthe agent’s productioncostof delivering the designatedoutput level must just equalthe

agent’s reservationutility, which in ourcaseis zero.Thatis, for abasiccontract 	 q̃ � t̃ 
 ,
t̃ � � C̃ 	 q̃� � θ � 
 (5-t̃ � )

while for a restrictedcontract:

t � � C 	 q� � k� � θ � 
�( (6-t � )
On theotherhand,thetransferofferedto agent“h” includesapremium,referredto asher informationrent.

In anoptimalbasiccontract 	 q̃ � t̃ 
 , thispremium � t̃h ) C̃ 	 q̃h � θh 
  mustbejustsufficient to offsettheutility,� t̃ � ) C̃ 	 q̃��� θh 
! , thatagent“h” would derive by adoptingagent“ � ”’ s contract.It follows from (5-t̃ � ) that:

t̃h � C̃ 	 q̃h � θh 
 � � C̃ 	 q̃� � θ � 
 ) C̃ 	 q̃� � θh 
  (5-t̃h)

while for a restrictedcontract:

th � C 	 qh � kh � θh 
 � � C 	 q� � k� � θ � 
 ) C 	 q� � k� � θh 
  (6-th)

In what follows, we shallsometimesusetheterminologyproductioncostsandinformationcoststo distin-

guishbetweencostsincurredthroughproductionandcosts(usuallycalledrents)paidout to ensuretruthful

revelation. The terms“marginal production”and“marginal information” costswill thenhave theobvious

interpretation.

Theprincipal’s problem:basiccontracts. For all contracts,we assumethat output is sold on a perfectly

competitive market at a price of p. Given a basiccontract 	 q̃ � t̃ 
 , theprincipal’s profit from an agentwho

declaresa type of θ � is pq̃ 	 θ ��
 ) t̃ 	 θ ��
 . 1 Thus, the principal’s problemis to choosethe contract 	 q̃ � t̃ 

that maximizes∑θ *,+ θ -.� θh /10 Pr	 θ 
%$ pq̃ 	 θ 
 ) t̃ 	 θ 
�'32 subjectto incentive andparticipationconstraints.By

invoking thenecessaryconditions(5), we canreducetheprincipal’s programto theproblemof finding an

1 Notice that the principal’s profit dependsonly on agents’announcedtypes. The reasonis that the contractis written in termsof the agent’s
deliverable,q. This would notbethecaseif theprincipalspecifiedapiecerateandtheagent’s deliverablewerenotverifiable.
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(unconstrained)maximumoverq of thefollowing expression:

max
q

4576
∑

θ *,+ θ - � θh / Pr	 θ 
%$ pq	 θ 
 ) C̃ 	 q � θ 
�'987:; � Pr	 θh 
 Ĩ 	 q
 (7)

whereĨ 	 q
 � $ C̃ 	 q̃� � θ � 
 ) C̃ 	 q̃� � θh 
�' denotestheinformationcostof having agent“ � ” produceq under

abasiccontract.Togetherwith (5-t̃ � ) and(5-t̃h), thenecessaryconditionsfor 	 q̃ � t̃ 
 � $%	 q̃�
� t̃ ��
��&	 q̃h � t̃h 
�'
to maximize(7) are:

p � ∂C̃ 	 q̃h � θh 

∂q

(5-q̃h)

p � Pr	 θ � 
 ∂C̃ 	 q̃�
� θ ��

∂q

� Pr	 θh 
 ∂Ĩ 	 q̃��� θ �&

∂q

(5-q̃� )
Thestandardresultsfollow immediately:while agent“h” will producetheneoclassicallevel of outputfor

hertype,agent“ � ” will producelessthantheneoclassicallevel of outputfor hertype,providedthat ∂Ĩ �=< � θ - �
∂q is

positive. To seethat ∂Ĩ �=< � θ - �
∂q is positive,observe thatsinceproductiontechnologyexhibitsdecreasingreturns

to scale,∂C̃ �=< � θ - �
∂q is increasingin q. Henceif ∂Ĩ �=< � θ - �

∂q � 0, (5-q̃� ) canhold only if q̃� is lower thantheq-value

atwhichmarginal costequalsprice.

Theprincipal’s problem:restrictedcontracts. Now considera restrictedcontract 	 q � k � t 
 . As before,by

invoking thenecessaryconditions(6), we canreducetheprincipal’s programto theproblemof finding an

(unconstrained)maximumover 	 q � k 
 of thefollowing expression:

∑
θ * + θ - � θh / Pr	 θ 
%$ pq	 θ 
 ) C 	 q � k � θ 
�' � Pr	 θh 
 I 	 q � k 
 (8)

whereI 	 q � k 
 � $ C 	 q � k � θ ��
 ) C 	 q � k � θh 
�' denotesthe informationcostof having agent“ � ” produceq

with capitallevel k undera restrictedcontract.Togetherwith (6-t � ) and(6-th), thenecessaryconditionsfor
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 � $>	 q��� k� � t � 
��&	 qh � kh � th 
�' to maximize(8) are:

p � ∂C 	 qh � kh � θh 

∂q

(6-qh)

0 � ∂C 	 qh � kh � θh 

∂k

(6-k
h
)

p � Pr	 θ � 
 ∂C 	 q��� k� � θ ��

∂q

� Pr	 θh 
 ∂I 	 q�&� k� � θ �&

∂q

(6-q� )
0 � Pr	 θ � 
 ∂C 	 q��� k� � θ ��


∂k
� Pr	 θh 
 ∂I 	 q�&� k� � θ �&


∂k
(6-k� )

As with a basiccontract,agent“h” will producetheneoclassicallevel of outputfor her type,while agent

“ � ” will producelessthantheneoclassicallevel for her type,provided that ∂Ĩ �=< � < � θ - �
∂q is positive. Analogous

to output,agent“h” will usetheneoclassicalinput mix, while the input mix for agent“ � ” will beaffected

by the informationproblem.Since∂C � q- � k � q- � θ - �?� θ - �
∂k is zero(see(4)), theneoclassicalcapitalchoicek 	 q� � θ � 


will satisfy(6-k� ) only if ∂I � q- � k � q- � θ - �?� θ - �
∂k is zeroalso. We will establishbelow that this will not bethecase

giventheassumptionswehaveimposed,sothatagent“ � ”’ sprescribedinputmix underanoptimalrestricted

contractwill differ from theneoclassicalmix.

Thefollowing resultfollows immediatelyfrom expressions(5), (6), (7) and(8).

Proposition 1. Theprincipal’s profitsundertheoptimalrestrictedcontract are alwaysstrictly higherthan

herprofitsundertheoptimalbasiccontract.

Theproof, in a sentence,is thatthebasiccontractis a feasiblerestrictedcontract(thoughcheatsthatwould

be feasibleunderthe basiccontractareproscribedunderthe restrictedone),but the basiccontractis not

profit maximalwithin thesetof restrictedcontracts.More formally:

Proof. Let 	 q̃ � t̃ 
 � $%	 q̃��� t̃ �@
��&	 q̃h � t̃h 
�' denotethe optimal basiccontract. Constructthe restrictedcontract	 q̂ � k̂ � t̂ 
 � $ 	 q̂��� k̂��� t̂ �&
��&	 q̂h � k̂h � t̂h 
 ' , whereq̂ � q̃ andfor θ �A� θ ��� θh � , k̂ 	 θ 
 � k̃ 	 q̃ � θ 
 . That is, underthis

constructedrestrictedcontract,the outputsthat wereproducedunderthe original basiccontractareonce

againproducedusingthe (neoclassical)input mix thatwasendogenouslyselectedundertheoriginal basic

contract.Thusfor eachθ, theproductioncostof q̂ 	 θ 
 is identicalunderbothcontracts.On theotherhand,

the informationcostassociatedwith 	 q̂ � k̂ � t̂ 
 is lower thanthe informationcostassociatedwith 	 q̃ � t̃ 
 . To

seethis,notethatsinceθ � � θh, k̂� � k̃ 	 q̂� � θ � 
 is distinctfrom theuniquesolutionk̃ 	 q̂� � θh 
 to thefirst order
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FIGURE 1. InformationCostof Producingq0

condition (1) for the “h”-type producer. Hence,we have C 	 q̂��� k̂��� θh 
F� C 	 q̂��� k̃ 	 q̂��� θh 
�� θh 
 � C̃ 	 q̃��� θh 
 .
Hence

Ĩ 	 q̂� 
 � C̃ 	 q̃� � θ � 
 ) C̃ 	 q̃� � θh 
� C̃ 	 q̃� � θ � 
 ) C 	 q̂� � k̂� � θh 
 (9)� C 	 q̂� � k̂� � θ � 
 ) C 	 q̂� � k̂� � θh 
 � I 	 q̂� � k̂� 
 (10)

The restrictedcontractwe have constructedthus delivers the sameoutput at a strictly lower cost to the

principal, andhencedelivershigherprofits thanthe original basiccontract. Hencethe optimal restricted

contractmustyield theprincipalhigherprofitsstill. G
(Notethattheconstructedbasiccontract 	 q̂ � k̂ � t̂ 
 is notoptimalwithin thesetof restrictedcontracts.To see

this, observe that k̂� � k̃ 	 q̂��� θ �&
 fails thefirst ordercondition(6-k� ), since∂C � q� k̂- � θ - �
∂k � 0 (display(4)) while

Pr	 θh 
 and ∂I � q- � k- � θ - �
∂k arebothnonzero.)

Someintuition for Proposition1 is provided by Fig. 1. The higher isoquantindicatesthe set of input

combinationsthat agent“ � ” could useto producea given output level q0. The lower isoquantindicates

combinationthatagent“h” woulduseto producethesameoutputlevel. Theparallellinesrepresentisocost

curves.Thebraceto theleft indicatesthecostdifferentialif bothkindsof agentswereto produceq0 using

their respective cost-minimal(i.e., neoclassical)input combinations.The braceto the right indicatesthe

reducedcostdifferentialwhenagent“h” is penalizedby beingforcedto usethecapitallevel thatis optimal
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for agent“ � ”, i.e., k̂� � k̃ 	 q0 � θ �@
 . Theleft andright bracesalsorepresentinformationrentsthattheprincipal

would have to pay agent“h”, under, respectively, a basicandrestrictedcontractthat specifiedan output

level of q0 and,in the restrictedcontract,imposedon agent“h” theneoclassicalinput ratio for agent“ � ”.
We thusdemonstratethat theprincipal canconstructa restrictedcontractwhich exactly mimics any basic

contract,exceptfor therestrictionon theinput mix that“h” mustuseif shepicksthecontractdesignedfor

“ � ”. Comparingthe two contracts,theprincipal’s revenuesarethesameunderboth,sinceoutputsarethe

same. Productioncostsarealso the same,sincethe input mixesare identical. But informationrentsare

lower undertheconstructedcontract,andsoprofitsarehigher. It follows thatprofitsmustbestrictly higher

undertheoptimalrestrictedcontractthanunderthebasiccontract.

This resultcanbeviewedasa directapplicationof theLe ChatelierPrinciple. Theoptimizationproblems

facingthe principal whendesigningeithera restrictedor a basiccontractare identicalexcept that in the

latter case,the principal facesan additionalconstraint.Underthe restrictedcontract,the principal is free

to specifyboth capitalandoutput levels for agentsof eachtype, andthus,implictly, labor levels aswell.

Underthebasiccontract,by contrast,theprincipalfacestheadditionalconstraintthattheagentwill always

combinecapitalandlaborin theneoclassical,productioncost-minimizingratio.
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3. MARGINAL ANALYSIS OF THE BASIC AND RESTRICTED CONTRACTS

In thissectionweisolateandcomparetheeffectof asmallincreasein thedegreeof informationasymmetry

on the structuresof the basicandrestrictedcontracts.Wheninformationis symmetric,the restrictedand

basiccontractsyield identical,first-bestoutcomesfor thelow ability agent.By introducinga“small” amount

of informationasymmetry, we canusestandardcalculusandcomparative staticstechniquesto comparethe

propertiesof thetwo kindsof contracts.

One, particularly simple way to vary the degreeof information asymmetryis to vary the probability of

realizingeachtype of agent. Specifically, in a two-typemodel,considerthe probability that the agentis

“h”. Obviously if this probability is eitherzeroor onetheninformationis perfectlysymmetric.Thedegree

of asymmetryincreasesasthe probability that the agentis “h” movestoward one-half,andis maximized

at this point. Fromour perspective, this kind of variationin informationis not fully satisfactory, becauseit

necessarilyinvolveschangingtheprincipal’s productionpossibilitiesalongwith her information. In other

words,thefirst-best,symmetricinformationbenchmarkchangesalongwith thepossibilitythat theagentis

“h”. For this reasonwe proposea testthatholdseverythingconstantexceptinformationasymmetry.

Considerthe following thoughtexperimentinspiredby the fable of Cinderella. The two typesof agent

in this story areCinderella,whoseability level is θh � 	 1H 2 � 1
 andshoe-sizeis petite,andher lessable,

Ugly Stepsister, whoseability level is θ � � 1 ) θh andshoe-sizeis extra large. At the time of contracting,

the agent’s identity is unknown to the principal; to eliminateone pieceof notation,we assumethat the

probability that the agentis Cinderellais equalto her ability level. However, it is commonlyknown that

soonafterthecontracthasbeensigned,aprince’s footmanwill, with probability1 ) χ, deliverapetiteglass

slipperto thehousewherebothCinderellaandhersisterlive,atwhichpoint theidentitiesof bothladieswill

berevealedto theworld. With probabilityχ, however, thefootmanwill bewaylaidenrouteto Cinderella’s

houseandtheslipperwill besmashedto pieces.

To minimize informationrent payments,the principal shouldoffer a contractmenuin which production

instructionsarespecifiedex antebut fixedtransfersarespecifiedonacontingentbasis,dependingonwhether

thefootmanis ableto deliver theslipperandif so,whethertheagentis revealedto have lied abouthertype:

(1) conditionalon the slipperrevealing the agents’identities,the paymentcorrespondingto eachset

of productioninstructionswill equalthesumof the reservation utility andproductioncostsof the
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agentfor whomthe instructionsaredesigned;in theeventof revelation,if theagenthasaccepted

thecontractdesignedfor her true type, thenshewill receive zeroinformationrents.

(2) if theagentis revealedto have lied, shewill receive zerocompensation;

(3) if theslipperfails to arrive, thepaymenttargetedfor Cinderellawill includeaninformationrent in

theusualway.

Clearly, thiskind of contractwill inducetruth-tellingbehavior while payingout informationrentsonly with

probabilityχθh. To reducenotation,we setγ � χθh. Statedformally, theprincipal’s taskis to maximizethe

following objective function:

max
q̃

0 ∑
θi *,+ θ -.� θh / 0 θi $ pq	 θi 
 ) C 	 q � θi 
�'I2 � γI 	 q
J2 (11)

That is, the principal is requiredto pay all productioncostswith probability one,but the needto pay an

informationrentarisesonly with theprobabilityγ that thefootmanfails to deliver theslipper. By standard

arguments,whetherthe contractis basicor restricted,the productioninstructionstargetedfor Cinderella

will specifyfirst-bestinputsandoutputs,regardlessof the valueof γ. For the remainderof thepaper, we

shallentirelyignorethis trivial aspectof theprincipal’s problem,andfocusour attentionon thecontractual

specificationsfor agent“ � ”. Sinceθh is heldconstant,a changein γ is proportionalto a changein χ. The

designof thisthoughtexperimentensuresthataswevaryγ holding + θ � � θh / constant,thefirst-best,complete

informationbenchmarkremainsconstant.Thuswhenγ � 0, therateat which principal’s profitsdeclineas

γ increasesis a puremeasureof themarginal costto theprincipalof of informationasymmetry. With this

constructionin place,we cancomparethisshortfall underour two differentkindsof productioncontract.

3.1. BasicContract

For eachcontracttype, we proceedin two steps. First, for fixed q, we determinethe minimal cost of

producingat leastq underthebasiccontract,giventhelevel of informationasymmetryγ. Slightly abusing

notation,wecall this thebasiccostfunction, C̃ 	 q � γ 
 .2 Second,weselecttheprofit maximallevel of q, given

C̃ 	 q � γ 
 , by equatingthebasicmarginal costfunction, KMC 	 q � γ 
 � dC̃ � q � γ �
dq , to thepricelevel, p.

In order to computeour marginal cost function, it is, for reasonsthat will becomeapparent,necessary

for us to setup a costminimizationproblemsubjectnot to theusualequalityconstraintsbut to inequality

2 In theprecedingsection,wedefinedC̃ � q � θ � . As weshallsee,C̃ � q � γ � is a linearcombinationof C̃ � q � θ - � andC̃ � q� θh � .
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constraints.Thatis, weminimizethecostto theprincipalof having thelow-ability agentproduceat leastq,

while requiringthat if thehigh agentimitates,heproducesat mostq, Thepoint hereis that if theprincipal

wereableto, shecould reduceinformationrentsby requiringthat an imitating agentproducemore than

q. Obviously shecannotimposethis requirement,hencethe constraint.While this setupis nonstandard,

it clearlyproducestheright result,which is that theprincipalchoosesto have both the low-ability andthe

imitatinghigh-abilityagentproduceq.

In thebasiccontract,underhomotheticity, theratiobetweencapitalandlaboris fixed,i.e.,capitalandlabor

lie on the “neoclassical”ray alongwhich f i
e H f i

k � vH r, wherev denotesthewagerate. Let β̃ be thescalar

definingthe neoclassicalray, i.e., for eachi, ki � β̃ei . Sincethe k’s arenot choicevariable,the problem

underthebasiccontractof minimizing thecostof producingat leastq, whenimitatorscanbe requiredto

produceatmostq, is

mine C̃ 	 e;q � γ 
 s.t. f � 	 e� � β̃e� 
ML q and f h 	 eh � β̃eh 
MN q �
wheree is avectorof effort levelsand

C̃ 	 e;q � γ 
 � $ ve� � rβ̃e� ' � γ $ v 	 e� ) eh 
O� β̃r 	 e� ) eh 
 '� 	 θ � � γ 

	 ve� � rβ̃e� 
 ) γ 	 veh � rβ̃eh 

TheLagrangianfor thecostminimizationproblemunderthebasiccontractis:

L̃ 	 e� λλλ;q � γ 
 � C̃ 	 e;q � γ 
>� λ � B 	 q ) f � 	 e� � β̃e� 
�
>� λhB 	 f h 	 eh � β̃eh 
 ) q
� 	 θ � � γ 

	 ve� � rβ̃e� 
 ) γ 	 veh � rβ̃eh 
O� λ � B 	 q ) f � 	 e� � β̃e� 
�
O� λhB 	 f h 	 eh � β̃eh 
 ) q
 (12)

Costminimizationunderthebasiccontract:

Thefirst orderconditionfor L̃ hasfour equationsin four unknowns.

∇L̃ �
PQQQQQQQR

L̃e-
L̃eh

L̃λ- B
L̃λhB

SUTTTTTTTV �
PQQQQQQQR
	 θ � � γ 

	 v � β̃r 
 ) λ � B 	 f �e � β̃ f �k 
) γ 	 v � β̃r 
>� λhB 	 f h

e � β̃ f h
k 


q ) f ��	 e��� β̃e�@

f h 	 eh � β̃eh 
 ) q

SUTTTTTTTV � 0 ( (13)
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Sinceat the solution $ eB 	 q � γ 
�� λλλB 	 q � γ 
 ' to the Lagrangian(12) of the basicproblemthe constraintsare

identicallyzero,thebasiccostfunctionC̃ 	 q � γ 
 , definedastheminimumattainablevalueof total costunder

thebasiccontractfor each 	 q � γ 
 pair, is identically equalto L̃ 	 eB 	 q � γ 
�� λλλB 	 q � γ 
 ;q � γ 
 . For future reference

it is usefulto decomposẽC 	 q � γ 
 into C̃P 	 q � γ 
W� C̃I 	 q � γ 
 , whereC̃P 	 q � γ 
 � 	 ve� B 	 q � γ 
W� rβ̃e� B 	 q � γ 
�
 is the

productioncost andC̃I 	 q � γ 
 � γ $%	 ve� B 	 q � γ 
O� rβ̃e� B 	 q � γ 
�
 ) 	 vehB 	 q � γ 
>� rβ̃ehB 	 q � γ 
�' is the information

costof producingq underthebasiccontract.

Notefrom (13) that

λ � B � 	 θ �O� γ 

	 v � β̃r 

f �e � β̃ f �k � λhB � γ 	 v � β̃r 


f h
e � β̃ f h

k

(14)

Thestrict inequalityholdsbecausethenumeratorof λ � B is larger thanthenumeratorof λhB, while—since

“h” is moreefficient than“ � ” andthe f i
j ’s areevaluatedat thesamelevel of output—thedenominatorof λ � B

is smallerthanthedenominatorof λhB.

Profit maximizationunderthebasiccontract:

The basic marginal cost function, denotedby KMC, is identically equal to the total derivative of

L̃ 	 eB 	 q � γ 
�� λλλB 	 q � γ 
 ;q � γ 
 w.r.t. q, which in turn, by the envelopetheorem(Varian,3rd edition p. 502), is

equalto thepartial derivative of L̃ 	 eB 	 q � γ 
�� λλλB 	 q � γ 
 ;q � γ 
 w.r.t. q. This partialderivative in turn equalsthe

differencebetweenthetwo Lagrangians,λ � B andλhB, i.e., KMC 	 q � γ 
YX λhB 	 q � γ 
 ) λ � B 	 q � γ 
 .
Proposition 2. As thedegreeof informationasymmetryincreases,outputdecreasesfor theoptimal basic

contract.

Proof. At the principal’s optimum, KMC 	 q̃ 	 γ 
�� γ 
IX p, whereq̃ 	 γ 
 is the profit maximizing level of output

producedby theagentof type“ � ” atpricep underthebasiccontract.Applying theimplicit functiontheorem,

we obtain.

dq̃ 	 γ 

dγ � ) d KMC 	 q � γ 


dγ
d KMC 	 q � γ 


dq� )[Z dλ � B 	 q � γ 

dγ

) dλhB 	 q � γ 

dγ \^] Z dλ � B 	 q � γ 


dq
) dλhB 	 q � γ 


dq \ (15)

In orderto computethederivativesof theλiB’sw.r.t. q andγ, weneedto applytheimplicit functiontheorem

to the first orderconditions(13) for the basicproblem. This involves the Hessianof L̃ (expression(12)),
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which is:

_
HL �

PQQQQQQQR
) λ � B 	 f �ee � 2β̃ f �ek � β̃2 f �kk 
 0 ) 	 f �e � β̃ f �k 
 0

0 λhB 	 f h
ee � 2β̃ f h

ek � β̃2 f h
kk 
 0 	 f h

e � β̃ f h
k 
) 	 f �e � β̃ f �k 
 0 0 0

0 	 f h
e � β̃ f h

k 
 0 0

SUTTTTTTTV (
Takingtheinverseof

_
HL, weobtain:

_
HL ` 1 �

PQQQQQQQQR
0 0 ) 	 f �e � β̃ f �k 
 ` 1

0

0 0 0 	 f h
e � β̃ f h

k 
 ` 1) 	 f �e � β̃ f �k 
 ` 1
0 λ � B � f -eea 2β̃ f -ek a β̃2 f -kk �� f -e a β̃ f -k �cb 2 0

0 	 f h
e � β̃ f h

k 
 ` 1
0 ) λhB � f h

eea 2β̃ f h
ek a β̃2 f h

kk �� f h
e a β̃ f h

k �cb 2

SUTTTTTTTTV (
Wenow havePQQQQQQQR

∂e� B d ∂γ ∂e� B d ∂q

∂ehB d ∂γ ∂ehB d ∂q

∂λ � B d ∂γ ∂λ � B d ∂q

∂λhBd ∂γ ∂λhB d ∂q

SUTTTTTTTV � ) _
HL ` 1

PQQQQQQQR
∂L̃e- d ∂γ ∂L̃e- d ∂q

∂L̃eh
d ∂γ ∂L̃eh

d ∂q

∂L̃λ- B d ∂γ ∂L̃λ- B d ∂q

∂L̃λhB
d ∂γ ∂L̃λhB

d ∂q

SUTTTTTTTV (16)

�
PQQQQQQQQR

0 0 	 f �e � β̃ f �k 
 ` 1
0

0 0 0 ) 	 f h
e � β̃ f h

k 
 ` 1	 f �e � β̃ f �k 
 ` 1
0 ) λ � B � f -eea 2β̃ f -ek a β̃2 f -kk �� f -e a β̃ f -k � 2 0

0 ) 	 f h
e � β̃ f h

k 
 ` 1
0 λhB � f h

eea 2β̃ f h
eka β̃2 f h

kk �� f h
e a β̃ f h

k � 2
SUTTTTTTTTV
PQQQQQQQR

	 v � β̃r 
 0) 	 v � β̃r 
 0

0 1

0 ) 1

SUTTTTTTTV
(17)

Hence:

dλ � B 	 q � γ 

dγ

) dλhB 	 q � γ 

dγ � 	 v � β̃r 
e$>	 f �e � β̃ f �k 
 ` 1 ) 	 f h

e � β̃ f h
k 
 ` 1 '� 	 v � β̃r 
	 f �e � β̃ f �k 
 $ 1 ) ϑ ` 1f α ' � 0 ( (18)
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whereϑ � θh

θ - � 1. Thesecondline followsfrom thefirst because(AssumptionA3) f �
	 e��� k�@
 � f h 	 eh � kh 
 �
ϑ f � 	 eh � kh 
 . Since f � is homogeneousof degreeα, it follows that 	 eh � kh 
 � ϑ ` 1f α 	 e� � k� 
 . and 	 f h

e � β̃ f h
k 
 �

ϑ1f α 	 f �e � β̃ f �k 
 . To verify thatthisexpressionis positive,notethatϑ � 1 andα � 1 sothatϑ ` 1f α � 1.

Similarly, since f h
ee, f h

ek and f h
kk arehomog.of deg. α ) 2, 	 f h

ee � 2β̃ f h
ek � β̃2 f h

kk 
 � ϑ2f α 	 f �ee � 2β̃ f �ek � β̃2 f �kk 
 .
Therefore

dλ � B 	 q � γ 

dq

) dλhB 	 q � γ 

dq � )hg λ � B 	 f �ee � 2β̃ f �ek � β̃2 f �kk 
	 f �e � β̃ f �k 
 2 ) λhB 	 f h

ee � 2β̃ f h
ek � β̃2 f h

kk 
	 f h
e � β̃ f h

k 
 2 i
� ) 	 f �ee � 2β̃ f �ek � β̃2 f �kk 
	 f �e � β̃ f �k 
 2 $ λ � B ) λhB' (19)

� ) α ) 1

e� 	 f �e � β̃ f �k 
 $ λ � B ) λhB' � 0 (20)

Expression(20) is positive becauseλ � B � λhB (see(14)) andα � 1. Expression(20) follows from (19)

because,since f �e and f �k arehomogeneousof degreeα ) 1,

	 f �ee � 2β̃ f �ek � β̃2 f �kk 
 � 	 e� f �ee � k� f �ek

e� � β̃2 	 k� f �kk � e� f �ek


k�� 	 α ) 1
 Z f �e
e� � β̃2 f �k

k� \� 	 α ) 1

	 e� 
 ` 1 $ f �e � β̃k� ' (21)

Dividing (18)by thenegative of (20), we cannow write (15)explicitly as:

dq̃ 	 γ 

dγ � 	 ve�O� rk 

	 1 ) ϑ ` 1f α 
	 α ) 1

	 λ � B ) λhB
 � 0 (15� )

Expression(15� ) is negative becauseλ � B � λhB, ϑ ` 1f α � 1 andα � 1. G
3.2. RestrictedContract

Weproceedexactlyasfor thebasiccontract.Forfixedqandγ, wedeterminetheminimalcostof producingq

undertherestrictedcontract.Call this therestrictedcostfunction, C̄ 	 q � γ 
 . Wethenselecttheprofit maximal

level of q, givenC̄ 	 q � γ 
 , by equatingthe restrictedmarginal costfunction, MC 	 q � γ 
 � dC̄ � q� γ �
dq , to theprice

level, p.
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Thecostminimizationproblemundertherestrictedcontractis:

min C̄ 	 e� k;q � γ 
 s.t. f � 	 e� � k 
�L q and f h 	 e� � k 
MN q

where

C̄ 	 e� k;q � γ 
 � $ ve� � rk'9� γv 	 e� ) eh 
� v $>	 θ � � γ 
 e� ) γeh '^� rk

TheLagrangianfor thisproblemis:

L̄ 	 e� k � λλλR;q � γ 
 � C̄ 	 e� k;q � γ 
>� λ � 	 q ) f � 	 e� � k 
�
>� λh 	 q ) f h 	 eh � k 
�
 (22)� v $>	 θ � � γ 
 e� ) γeh 'j� rk � λ � 	 q ) f � 	 e� � k 
�
O� λh 	 f h 	 eh � k 
 ) q
�

Costminimizationundertherestrictedcontract:

Thefirst orderconditionfor L̄ hasfiveequationsin fiveunknowns;

∇L̄ �
PQQQQQQQQQQR

L̄e-
L̄eh

L̄k

L̄λ- R
L̄λhR

SUTTTTTTTTTTV �
PQQQQQQQQQQR
	 θ �O� γ 
 v ) λ � R f �e) γv � λhRf h

e

r ) λ � R f �k � λhRf h
k

q ) f ��	 e�
� k 

f h 	 eh � k 
 ) q

SUTTTTTTTTTTV � 0 ( (23)

Onceagain,at thesolution $ eR 	 q � γ 
�� kR 	 q � γ 
�� λλλR 	 q � γ 
�' to theLagrangian(22)of therestrictedproblem,the

constraintsareidenticallyzeroandthe restrictedcostfunctionC̄ 	 q � γ 
 , definedastheminimum attainable

value of total cost under the restricted contract for each 	 q � γ 
 pair, is identically equal to

L̄ 	 eR 	 q � γ 
�� kR 	 q � γ 
�� λλλR 	 q � γ 
 ;q � γ 
 . As before, we decomposeC̄ 	 q � γ 
 into C̄P 	 q � γ 
�� C̄I 	 q � γ 
 , where

C̄P 	 q � γ 
 � 	 ve� R 	 q � γ 
k� rkR 	 q � γ 
�
 is the productioncostandC̄I 	 q � γ 
 � γv 	 e� R 	 q � γ 
 ) ehR 	 q � γ 
�
 is the in-

formationcostof producingq undertherestrictedcontract.

Notefrom (23) that

λ � R � 	 θ �O� γ 
 v
f �e � λhR � γv

f h
e

(24)
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To seethat the strict inequalityholds,notefirst the numeratorof λ � R is larger thanthe numeratorof λhR.

Secondnote that since“h” is more efficient than “ � ” andboth “h” and “ � ,” areusing the samelevel of

capitalwhile the f i
e’s areevaluatedat thesamelevel of output,thedenominatorof λ � R is smallerthanthe

denominatorof λhR. An immediateimplicationof (24) is:

Proposition 3. In a restrictedcontract for a givenq and positiveγ, the prescribedcapital-labor ratio is

greaterthantheneoclassicalratio.

Proof. Observe first thataftersubstitutingfor theλ’s in (23), L̄k canberewritten as

1 ) v
r

f �k
f �e � γv

r
g f �k

f �e ) f
h
k

f
h
e
i (25)

Since“h” is moreefficient than“ � ” andbothareusingthesamelevel of capitalto producethesamelevel

of output,“h”’ s effort level undertherestrictedcontractmustbelessthan“ � ”’ s. That is, kR

ehR � kR

e- R which in

turn implies f
h
k

f
h
e

� f -k
f -e . Hencetheright handsideof (25) is positive. Hence f -k

f -e � r
v. G

Fig. 2 below providessomeintuition for this result. Its top panelreproducesFig. 1 above. Considerthe

effecton theprincipal’s problemof increasingγ from zero,for themomentholdingtheoutputlevel constant

at an arbitraryoutput level q0. By the envelopetheorem,a small increasein capital intensityabove the

neoclassicallevel hasonly asecond-orderimpacton theproductioncostsof agent“ � ” (seethebottompanel

of Fig. 2). On theotherhand,sincetheinitial capitallevel is alreadysuper-optimal for agent“h”, thegiven

increasewould result in a first-order increasein agent“h”’ s productioncost if he acceptedthe contract

designedfor “ � ”. Thus,a small increasein capital intensitybeyond the neoclassicallevel for “ � ” results

in a first orderreductionin informationcosts,anda second-orderincreasein productioncosts. It follows

thatwhenever γ � 0, theprescribedlevel of capitalfor agent“ � ” will exceedtheneoclassicallevel for her

prescribedlevel of output.

Profit maximizationundertherestrictedcontract:

The restrictedmarginal cost function, denotedby MC, is identically equal to the total derivative of

L̄ 	 eR 	 q � γ 
�� λλλR 	 q � γ 
 ;q � γ 
 w.r.t. q. Applying the envelopetheoremason page14, MC is identically equal

to the total derivative of L̄ 	 eR 	 q � γ 
�� λλλR 	 q � γ 
 ;q � γ 
 w.r.t. q, which in turn is equalto thepartialderivative of

L̄ 	 eR 	 q � γ 
�� λλλR 	 q � γ 
 ;q � γ 
 w.r.t. q. This partial derivative in turn equalsthe differencebetweenthe two La-

grangians,λ � R andλhR, i.e.,MC 	 q � γ 
lX λhR 	 q � γ 
 ) λ � R 	 q � γ 
 . At theprincipal’s optimum,MC 	 q 	 γ 
�� γ 
�X p,
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whereq 	 γ 
 is theprofit maximizinglevel of outputproducedby theagentof type“ � ” at price p underthe

restrictedcontract.Onceagain,we applytheimplicit functiontheoremto obtain:

Proposition 4. As the degree of information asymmetryincreases,output decreasesfor the optimal re-

strictedcontract.

Proof. To obtainanexpressionfor dq � γ �
dγ weproceedexactlyaswedid to obtainexpression(15)onpage14,

i.e.,

dq 	 γ 

dγ � ) dMC 	 q � γ 


dγ ] dMC 	 q � γ 

dq� ) Z dλ � R 	 q � γ 


dγ
) dλhR 	 q � γ 


dγ \^] Z dλ � R 	 q � γ 

dq

) dλhR 	 q � γ 

dq \ (26)
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Onceagain,we applytheimplicit functiontheoremto obtainthederivativesof theλiR’s w.r.t. q andγ. The

Hessianof L̄ (expression(23)) is:

HR �
PQQQQQQQQQQR
) λ � R f �ee 0 ) λ � R f �ek

) f �e 0

0 λhRf h
ee λhRf h

ek 0 f h
e) λ � R f �ek λhRf h

ek 	 λhR f h
kk
) λ � R f �kk 
 ) f �k f h

k) f �e 0 ) f �k 0 0

0 f h
e f h

k 0 0

SUTTTTTTTTTTV (

Becausethe inverseof HR is complex, we replacetermsthatwe do not needto evaluatein theexpression

below by G ’s:PQQQQQQQQQQR
∂e� R d ∂γ ∂e� R d ∂q

∂ehRd ∂γ ∂ehRd ∂q

∂kR d ∂γ ∂kR d ∂q

∂λ � R d ∂γ ∂λ � R d ∂q

∂λhRd ∂γ ∂λhRd ∂q

SUTTTTTTTTTTV � ) HR̀
1

PQQQQQQQQQQR
∂L̄e- d ∂γ ∂L̄e- d ∂q

∂L̄eh
d ∂γ ∂L̄eh

d ∂q

∂L̄k
d ∂γ ∂L̄k

d ∂q

∂L̄λ- R d ∂γ ∂L̄λ- R d ∂q

∂L̄λhR
d ∂γ ∂L̄λhR

d ∂q

SUTTTTTTTTTTV � λ � RλhR

∆HR m ����� (27)

PQQQQQQQQQQR
f h
e

2
f -k 2

λ- RλhR
f h
e f -k f h

k f -e
λ- RλhR G f h

e
2β- µ � � �
λhR

) f -ePM � h�
λ- R ) f -e f -k µ � h�

λ- R
f h
e f -k f h

k f -e
λ- RλhR

f -e2
f h
k

2

λ- RλhR G ) f h
e f h
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Thedeterminantof HR,

∆HR � λhR 	 f �e 
 2PM 	 h
 ) λ � R 	 f h
e 
 2PM 	n�J
 (28)

canbesignedfor sufficiently smallvaluesof γ � 0. To seethis,first notethatthePM 	 i 
 ’s arethenegatives

of secondprincipalminorsof theborderedhessianof f , andarehencenegative. Second,whenγ is small,

λhR is smallrelative to λ � R, sothatfor sufficiently smallvaluesof γ, ∆HR will bepositive.

Thenumeratorof dq � γ �
dγ (expression(26)above) cannow bewrittenas

v 	 f �e f h
e 
 2 	 eh ) e� 

k∆HR

Z λ � R 	 f �eef �k ) f �ek f �e 
	 f �e 
 2 ) λhR 	 f h
eef h

k
) f h

ek f h
e 
	 f h

e 
 2 \ (29)

while thedenominatorof (26) is� f �e f h
e  2

k∆HR
	 λ � R ) λhR

	 1 ) α 
 Z λ � R 	 f �eef �k ) f �ek f �e 
	 f �e 
 2 ) λhR 	 f h

eef h
k
) f h

ek f h
e 
	 f h

e 
 2 \ (30)

Dividing (29)by thenegative of (30), we cannow write (26)explicitly as:

dq 	 γ 

dγ � v 	 e� ) eh 
	 α ) 1

	 λ � R ) λhR
 � 0 (26� )

Expression(26� ) is negative becausee��� eh, λ � B � λhB andα � 1. G
3.3. Comparing Restricted and BasicContracts

Thefollowing resultgeneralizesandextendsProposition1 above.

Proposition 5. For a given q and positiveγ, both the information costand the principal’s total costof

optimally obtainingq undera restrictedcontract are lessthan the informationcostand principal’s total

costof optimallyobtainingthisq undera basiccontract. Thatis,

for all q andall γ � 0 � C̄ 	 q � γ 
 � C̃ 	 q � γ 
 and C̄I 	 q � γ 
 � C̃I 	 q � γ 
 (31)

Proof. Both partsof thepropositionareimmediateimplicationsof Proposition3. Thefirst inequalityholds

becausetheneoclassicalinput mix is feasibleunderthe restrictedcontract,but, by Proposition3, violates

thefirst ordercondition(25). Proposition3 alsoimplies that theproductioncostof producingany givenq

undertherestrictedcontract,C̄P 	 q � γ 
 � 	 ve� R 	 q
q� rkR 	 q
�
 strictly exceedstheproductioncostof producing
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the samelevel of q underthe basiccontract,C̃P 	 q � γ 
 � 	 ve� B 	 q
r� rk� B 	 q
�
 . However, as we have just

established,

C̄ 	 q � γ 
 � C̄P 	 q � γ 
j� C̄I 	 q � γ 
 � C̃P 	 q � γ 
s� C̃I 	 q � γ 
 � C̃ 	 q � γ 

Therefore,C̄I 	 q � γ 
�� C̃I 	 q � γ 
 . G
Onceagain,thepropositionreflectsthefact,illustratedin Fig. 2, thatthefirst orderreductionin information

costsobtainedby moving awayfrom theneoclassicalinputmix mustnecessarilyoffsettheresulting,second

orderincreasein productioncosts.

A lessimmediateresultis:

Proposition6. For anylevel of γ � 	 0 � 1t , outputproducedby agent � is higherundertheoptimalrestricted

contract thanundertheoptimalbasiccontract.

Proof. Webegin by comparing(26� ) for theoptimalrestrictedcontralto thecorrespondingexpression,(15� ),
for theoptimalbasiccontract:

dq 	 γ 

dγ

) dq̃ 	 γ 

dγ � 1

1 ) α
g 	 ve� B � rk� B 

	 1 ) ϑ ` 1f α 


λ � B ) λhB
) v 	 e� R ) ehR


λ � R ) λhR i (32)

As we observed on pages14 and19, 	 λ � B ) λhB
 � 	 λ � R ) λhR
 � p at the optimum basicand restricted

contracts. Also, the numeratorof the first fraction on the right hand side of (32) can be rewritten as	 ve� B � rk� B 
 ) 	 vehB � rkhB 
 (seethe explanationfollowing display (18) on page15). Hencefor γ � 0,

(32) reducesto

dq 	 γ 

dγ

) dq̃ 	 γ 

dγ � 1

pγ 	 1 ) α 
 � C̃I 	 q̃ 	 γ 
�� γ 
 ) C̄I 	 q 	 γ 
�� γ 
  (32� )
We usethis resultto show thatq 	 γ 
�� q̃ 	 γ 
 , for all γ � 	 0 � 1t . First notethat inequality(31) pluscontinuity

implies the existenceof ε � 0 suchthat for any γ � 0, if u q 	 γ 
 ) q̃ 	 γ 
vuw� ε, then (32� ) will be positive.

Summarizing,we have establishedthat

thereexistsεxy� 0 suchthat u q 	 γ 
 ) q̃ 	 γ 
vuz� εx implies
dq 	 γ 


dγ
� dq̃ 	 γ 


dγ
(33)



INPUT CONTROL AND INFORMATION ASYMMETRY. 23

Now supposethat thereexists γ � 0 suchthat q̃ 	 γ 
IL q 	 γ 
 andlet γx be the infimum of suchγ’s. We will

establisha contradiction.Sinceq̃ 	 0
 � q 	 0
 , statement(33) impliestheexistenceof γ � 0 suchthat for all

γ � 	 0 � γ t , q̃ 	 γ 
 �|{ γ
0

dq̃ � ϑ �
dγ dϑ � { γ

0
dq � ϑ �

dγ dϑ � q 	 γ 
 . Therefore,γx � γ � 0. Now sinceq 	���
I� q̃ 	���
 on } 0 � γx 

andq 	���
 ) q̃ 	���
 is clearlycontinuousw.r.t. γ, thereexists γ̄ � γx suchthatq 	���
 � 	 q̃ 	���
 ) εx � q̃ 	���
�
 on } γ̄ � γx 
 .
Now 	 q̃ 	 γx~
 ) q 	 γxz
�
 ) 	 q̃ 	 γ̄ 
 ) q 	 γ̄ 
�
 � � γ�

γ̄
Z dq 	 ϑ 


dγ
) dq̃ 	 ϑ 


dγ \ dϑ � 0

which impliesthat $ dq ��< �
dγ

) dq̃ �=< �
dγ ' is positive onsomesubsetof 	 γ̄ � γx 
 , whichcontradicts(33). G

An interpetationof theabove resultis thatthemarginal costcurve (includingbothproductionandinforma-

tion rentcosts),is strictly lower undertherestrictedcontractthanunderthebasiccontract.Intuitively, this

is becausewith therestrictedcontracttheprincipalcanlimit theextent to which agent“h” couldsubstitute

betweenlaborandcapitalif shewereto acceptthecontractdesignedfor “ � ”.
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FIGURE 3. Comparisonof socialsurplusunderbasicandrestrictedcontract

4. THE SOCIAL COST OF INFORMATION ASYMMETRY

As we have seen,theprincipal’s profits arehigherundera restrictedcontractthanundera basiccontract.

This doesnot necessarilyimply, however, that restrictedcontractsarepreferableto basiccontractsfrom a

socialperspective. Briefly, theprincipal’s goalis to minimizethesumof productionandinformationcosts,

but only productioncostsmatterfor socialsurplus.Informationcostsaresimplyatransferfrom theprincipal

to agent“h”. In termsof theLeChatelierprinciple,while theprincipal is madebetteroff, theagentis made

worseoff, sothattheneteffect is notpre-determined.In thissectionwe comparethetwo kindsof contracts

from a socialperspective whenthedegreeof informationasymmetryis “small.”

In the presentmodelwith perfectlyelasticdemand,socialsurplusis the sumof the principal’s profit and

the informationrent received by agent“h”. Sincethe informationrent is a puretransfer, socialsurplusis

equalto the principal’s total revenueminusproductioncost. Although informationrentsarelower under

the optimal restrictedcontract,averageproductioncostsarehigher, becausethe input mix is sub-optimal

from apureproductionstandpoint.Thesecondfactorwhichaffectssocialsurplusis thelevelof production.

Proposition6 establishesthatproductionis alwaysgreaterundertheoptimalrestrictedcontract.Whetherthe

productionlevel effect or theinput mix effect dominatesdependson thedegreeof substitutabilitybetween

thetwo inputsinto theproductionprocess.3

Proposition 7. There existsξ � 	 ) ∞ � 1t and γ̄ � 0 such that if theelasticityof substitutionbetweencapital

and labor is lessthan ξ, and the degree of information asymmetryis lessthan γ̄, the optimal restricted

3 For thepurposesof thefollowing proposition,wedefinetheelasticityof substitutionasfollows:
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contract yieldsa higher level of socialwelfare than thebasiccontract. Similarly, there existsξ � 	 ) ∞ � 1t
and γ̄ � 0 such that if the elasticityof substitutionbetweencapital and labor is greater than ξ, and the

degreeof informationasymmetryis lessthan γ̄, theoptimalrestrictedcontract yieldsa lower level of social

welfare thanthebasiccontract.

Formal proof to follow

Intuition for Proposition7 is providedby Figures3 and4. Relative to thebasiccontract,productioncostsare

higherundertherestrictedcontract,sothatthesocialsurplusassociatedwith any givenq is lower. However,

aswe establishedin Proposition6, the level of outputproducedby the low ability agentundertheoptimal

restrictedcontractis higherthanunderthe optimal basiccontract. Which of thesetwo effectsdominate?

Whenlaborandcapitalhighly complementary, asin thebottompanelof Fig. 4, theprincipalcanobtaina
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very large “bang for thebuck” in termsof informationrentby a small distortionin thecapital-laborratio

away from theoptimalratio. Indeed,astheelasticityof substitutionapproachesminusinfinity, thequantity

producedunderthe optimal restrictedcontractapproachesthe first-bestquantity, while the distortion in

the capital-laborratio goesto zero,andthe optimal restrictedcontractis socially superiorto the optimal

basiccontract.Ontheotherhand,wheninputsarehighly substitutable,inputmix distortionshavevery little

leveragein termsof informationcosts.Indeed,astheelasticityof substitutionapproachesunity, thequantity

producedundertheoptimal restrictedcontractapproachesthatproducedundertheoptimalbasiccontract,

but sincetheinput mix is distorted,thesocialorderingis reversed.
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5. CONCLUSION

We have shown that the principal’s profits increasewhenhe controlsthenon-laborinput. Further, output

increases,sincethe principal can allocatecapital to help mitigate her information costs. However, this

mitigationof informationcostsdistortsthecapital-laborratioaway from its production-efficient level. This

distortionis socially costly. Provided that labor andcapitalaresufficiently complementary, the restricted

contractwill result in higher social surplusthan the basiccontract. If labor and capital are sufficiently

substitutable.thebasiccontractwill resultin highersocialsurplusthattherestrictedcontract.

Our resultdiffersfrom theclassicfinding of AverchandJohnson,who foundthatcost-pluspricing induces

overinvestmentin capitalequipmentthatis sociallycostly. Essentially, in theasymmetricinformationprob-

lemweconsiderthereis anoff-settingsocialconsideration.Neitherof thetwo factorsnecessarilydominates

theother, sothatthesocialimplicationof inputcontrolby theprincipalis notapriori determinate.In terms

of the LeChatelierprinciple, this canbe explainedby observingthat input control for the principal is the

sameasremoving a constrainton him, but it simultaneouslyimposesanadditionalconstrainton theagent.

Theneteffectof theseadjustmentsis notpredetermined.
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