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ABSTRACT. In mary agriculturalproductioncontractsdowvnstreamagentsexercisecontrol over oneor more
of theinputsusedby upstreamagents.n the U.S., for example,chicken processorsypically provide grovers
with chicksandfeed,while vintnersspecifyproductionparameterghatwine-grapegroversmustcomplywith.
This paperprovidesa mechanism-design-theoretiationalefor suchpractices.In a productionprocesswith a
laborandacapitalinput, we compareabasiccontract, in whichtheagentchoosesnputlevels,with arestricted
contractin whichtheprincipal controlsthe capitalinput. We shawv thatthe principal’s profitsarealwayshigher
undertherestricteccontract.In orderto compareoutputandsocialsurplusundertheoptimalrestrictecandbasic
contractswe developa constructiorthatpreseresthe standardnechanism-desigimamenwork, but allows usto
vary continuouslythe degreeof informationasymmetryandthenapply calculus/comparate staticstechniques
in a neighborhoof the symmetricinformation benchmark. Outputis higherunderthe restrictedcontract,
becausehe principal allocatescapitalto mitigate herinformationcosts. However, this mitigation distortsthe
capital-laborratio away from the efficient (neo-classicalyatio andthis distortionis socially costly The net
effect of this tradeof depend®n the elasticity of substitutionbetweerinputs: the restrictedcontractresultsin
highersocialsurplusthanthe basiccontractif labor andcapitalare sufiiciently complementaryandin lower
socialsurplusif laborandcapitalaresuficiently substitutable.
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1. INTRODUCTION

Non-laborinputsoften play animportantrole in principal-agentelationships.A principal may supplyan
agentwith necessaryon-laborinputs,or may specify contractuallythe inputsthatthe agentmustuse. For
example, constructioncontractsmay specify building materials. Military procurementontractsusually
specify componentmaterials. In agriculture,productioncontractsbetweenfarmersand processor®ften
specifyallowablefertilizers,seedstockandotherproductioninputs. Therearea numberof reasons princi-
pal may seekto controlinputs. Input quality mayaffect outputquality, andbe cheapepr easieito measure.
Agents’input choicesmay be subjectto a moralhazardproblem;by specifyingthe input the principalmay
entirelyavoid associate@osts.We focuson anotherinformation-drven motivationfor input control by the
principal: by controlling non-laborinputs,the principal canreducethe informationrentshe incursdueto

adwerseselection.

Whenagents’abilities (their effectivenessn production)differ andareunknavn to the principal, he must
designanincentve-compatiblecontractthatwill induceagentdo revealtheirtruetypes.Whentherearetwo
possibleagenttypes,the standardorincipal-agensolutioninvolves offering a low ability agenta contract
thatpayshim his reseration utility anddistortshis productionbelow his full informationproductionlevel
(dueto the needto inducetruthful revelation by high ability agents),and offering a high ability agenta
contractthat payshim his costsof productionplus the returnsshewould obtainfrom choosingthe low
ability agents contract(his informationrents)andrequireshim to producehis full informationoutputlevel.
We shaw that by specifyingnon-laborinputs the principal can always lower the information rentsfor a
givenpair of ability-specificoutputlevels,andthatthe principal’s optimal contractmenuwill alwaysresult

in higherprofitswhenhe controlsinputsrelative to whenhe doesnot controlinputs.

Ourconceptualizatioof inputspecificatiorby theprincipalcanbeviewedasencompassintyvo casesfirst,
the prsncipalsimply providesthe input(s)in questionto the agent;secondthe principal specifiesnputsin
thecontractwith theagentandthe(non-labor)nputsactuallyusedby theagentareverifiableby athird party
Thereareotherconsiderationsegardingnon-laborinputsin a principal-agentelationship For example the
principalmaybelessinformedregardingtheprecisenatureof theproductionfunctionthantheagents. This
asymmetrianformationwill imposea costof input specificationon the principal, sincehe mayincorrectly

chooseheinput. Similarly, anagents choiceof inputsmay provide informationregardinghis ability. Here,
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we maintainthattheprincipalandagentareequallyinformedaboutthe productionfunction,sothattheonly

informationasymmetryis thatthe principaldoesnotknow theagents type.

Propositionl, which stateghatinput control alwaysincreaseprofits for the principal, canbe viewed asa
relatively straightforvardapplicationof theLeChateliePrinciple. Thatis, theprincipalis betteroff whenhe
canchoosehe input-labormix for eachcontractoutputlevel thanwhenthe agentchoosesHere,the strict
inequalityis dueto thefactthatthe agentconsidersonly neoclassicaproductioncosts,while the principal
considersnformationcosts.Similarly, the principal’s controlof inputsunderthe optimalrestrictedcontract
is an additionalconstraintfacingthe agent relative to his maximizationproblemunderthe basiccontract.
Giventhediffering interestsof the principal andthe agent,the LeChatelierPrinciple cannotbe appliedto

ranktotal socialsurplusunderthetwo contracts.

While input controlalwaysresultsin larger profitsfor the principalunderheroptimalcontractmenurelative
to heroptimal contractmenuwithout input control, the consequence®r societyasa whole arelessclear
We develop a constructionin which an arbitrarily small amountof asymmetricinformationis introduced
into the principal’s maximizationproblem. We assumehatwith probability closeto one,the high ability

agents typeis revealedto the principal, while thelow ability agents typeis revealedwith probabilityone.

We begin our analysisof this experimentby establishingijn Proposition2 and4, thatunderboththe basic
andthe optimal contracts putputproducedby the low ability agentunderthe optimal contractdeclinesas
the dggreeof informationasymmetryincreasedVe alsoshav (in Proposition3) thatthe capital-laborratio
for thelow ability agents restrictedcontractis higherthanthe neoclassicalgost-minimizingratio for ary
giveng. Theprincipaldistortsthe capital-laborratioin orderto reduceherinformationrents.Propositions
demonstratethatfor any given g, informationrentsfor the low ability agentarelower undertherestricted

contractthanthebasiccontract.

Propositiong establisheghatoptimal contractassignsa higherlevel of outputto thelow ability agentwhen
non-laborinputsare specifiedthanwhenthey arenot. This gainin outputclearly enhanceshe principal’s
revenues. However, thereis an offsetting distortionin the laborinput ratio which may reducethe total
socialsurplusgenerated Proposition7 identifiesconditionsunderwhich oneor otherof thesedistortions
dominateslf thedegreeof informationasymmetrys sufiiciently small,andlaborandcapitalaresuficiently
complementarythe restrictedcontractwill resultin highersocial surplusthanthe basiccontract. If are

sufiiciently substitutablethereverserelationshipholds.
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Our analysisis relatedto the literatureinitiated by Averch & Johnson(1962) on the effect of cost-plus
pricing regulationon firm behaior. In their seminalpaper public utilities regulatedundercost-pluspricing
have anincentive to overinvestin capital,sinceit will increasehe basefor their rateof return. This distorts
the capital-laborratio from its first-bestlevel. In their case,the distortionis not a responsdo a market
failure, suchasthe asymmetridnformation casewe examine. Sincethe distortionmovesthe utility away
from the mostefficient solution,it alwaysreducesocialwelfare.In contrastwe find thatin the presencef
asymmetriénformation,adistortedcapital-laborratiomaybeassociate#ith ahigherlevel of socialsurplus
thanwould a non-distortedatio. While thereareformal differencesetweerour setupgmostimportantly
their assumptiorof a naturalmonopolywhile we assumalecreasingeturnsto scaleanda constanfrice),
ourfindingssuggesthatin somecases divergenceof theratio of maiginal revenueproductsrom theratio

of input pricesmaybe associatedvith efficient, ratherthaninefficient, regulation.

The effect of the principal’s control of non-laborinputs on informationrentsunderadwerseselectionhas
largely beenignoredin the ageng theoryliterature. Implicitly, the literaturehasassumedhatthereis no
substitutabilitybetweenlabor andinputsthat may be controlledby the principal. Perhapghe closestine
of researciocuseson the principal’s choicebetweemmonitoringoutputand monitoringagenteffort when
both arefeasiblebut costly Maskin& Riley (1985)find thatthe principal prefersto monitor outputwhen
theagents theresidualclaimant,sincehigh ability agentsxert moreeffort whentheir maiginal incentves
arenot distorted. Khalil & Lawarree(1995)find that the principal will preferto monitor labor whenhe
is theresidualclaimantand outputwhenthe agentis the residualclaimant,provided thatinput andoutput

monitoringarefeasibleandequallycostlyto the principal.

The paperis organizedasfollows: SectionTwo introduceshe basicmodel,andprovesthatthe principal’s
profitsarehigherunderthe optimalrestrictedcontractthanunderthe optimal basiccontract.SectionThree
establishesesultsregarding quantity changedor the two contracts,and compareshem. SectionFour

comparesocialsurplusunderthe two optimal contracts.SectionFive concludes.
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2. THE MODEL

We bggin with astandargrincipal-agentnodel. Theagentmaybeoneof two types;eachtypehasaccesso
adistinctproductionfunction,andonetype’s functionis moreproductve thanthe other Both principaland
agentareperfectlyinformedaboutthe specificatiorof thesefunctionsandthe probability distribution over
types.Theagents realizedtype, however, is unknavn to the principal. The principal’s goalis to maximize
herprofitsfrom productionwhich dependntheagents ability. To inducetheagentto revealhistruetype,
shemustprovide him with amenuof contractghatprovide him with adequaténcentivesto do. We assume,
asis the corventionin modelsof this type, thatthe principal cannotobsere the level of labor suppliedby
the agent. Further we assumehatthe principal cannot obsere capital whenit is suppliedby the agent,
nor canathird party verify the level of capitalsuppliedby the agent. Shecan, however, obsere capitalif
shechoosedo controlit by supplyingit herself. We assumehat capitalis homogeneousso thatonly the
level of capital,andtheagentwho usest, arerelevantto production.In this sectionwe formally developthe

component®f our analysisandexaminethe principal’s problemwhenshecanandcannotspecifycapital.

TheProductionFunction Productiondepend®n capital,laborandthe agents ability level, or type. There

aretwo types,“low” and“h”. 6 € {6¢,8"} is theagents truetype,with 6 < 8". Pr(8) > 0,6 € {6,6"} is
the probabilitythatanagents typeis 6. &' € {ef,eh} is theagents announcedype. We will referbelav to
agents'¢” and“h”.

We make a numberof assumptionsegardingthe productionfunction f. For each®, the mamginal products
of labor, capitalandability areall positive (fe, fk, fo > 0),and f is strictly concaein (e k), i.e., fee, fuk < 0
and feefik > fezk. An increasen ability positively affectsthemaiginal productsof laborandcapital(feg > O,

and fyg > 0). Thefollowing additionalconditionson f aresatisfied:

Al: for each®, f is homogeneousf dggreea < 1in eandk, and

. Qe ; fe(ek0) _ fe(ek® -
A2: 0is “technologicallyneutral”in thesensehatfor eachg, &', fkﬁék,eﬁ = kagKe,g for fixede andk.

In sections3 and4, we shallbe evenmorespecificthanA2 andassume
A3: thereexists f* satisfyingAl suchthatfor 6 € {6¢,8"}, f(-,-,0) = 6f*.

Theseassumptionensureahatisoquantgor differentability levelsareparallel.If theisoquantsvereallowed

to cross,the analysiswould becomemuch more comple, with little insight added. This restrictionis
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functionally similar to the single-crossingpropertythatis often imposedin single input principal-agent

problems.

Agent's Utility Function The agentwill receve a lump-sumtransferpaymentfrom the principal andin

returnwill deliver a specifiedlevel of output,contrikuting laborand, in the ‘basic’ contract,capital. The
agents outsidealternatve is to provide herlaborat thegivenwage-ratev perunit laborsupplied. Thewage
rate, w, exactly compensatefor the agents constantmaiginal disutility of labor, so that her resenation
utility whenshedoesnot supplylaboris zero. In orderto inducethe agentto participateat alaborlevel e

andcapitallevel k, the principal’s transferpaymentmustat leastcover the agents cost,we+ rk.

Inputlevels If anagentof type 8 acceptsa basiccontract(definedbelov asa contractin which the agent
choosesnputlevels)to produceq shewill solve the (neo-classicalpptimizationproblemmin,we+rk s.t.
f((ek,0) =q. Let (&, 8),k(q, 8)) denotethe solutionto this problem. We will referto this input vector
asthe neoclassicalnput mix for g. Becausef is strictly concae, the neoclassicamix is uniquelydefined

by thefirst ordercondition:
0 = rfc(&a0),k(0,6),8) +  wie(&a,6),k(,8),6) (1)

Let C(q, 8) denotethe type 8 agents productioncostof delivering the outputlevel g with the neoclassical

input mix:
C@8 = w6 + rka6) 2)
Similarly, let C(q, k, 8) denotethetype 6 agents productioncostof deliveringthe outputlevel g with capital

level k:

C(a,k6) = wegkd) + rk 3)

For futurereferencenotethatby definitionof k(q, 6)

0C(q,k(a,0),6)

o = 0, forallgandall®. 4)

Contracts A basiccontractis amappingfrom typesto outputlevelsandtransfersp — (g,t) = ((8),(8)).

Wewill sometimeswrite (§,t) as ((c”][, ), (qh,fh)) . A restrictedcontractis amappingfrom typesto output
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levels, capital levels and transfers. We will write (q,k,t) either as (q(6),k(6),t(8)) or as

(@K1, @K,0).

Ourmodelhasthe standargropertythatin any optimalcontract the differencebetweerthetransferoffered
to agent*¢” andthe agents productioncostof delivering the designatedutputlevel mustjust equalthe

agents reseration utility, whichin our caseis zero. Thatis, for a basiccontract(g, t),

ft E(d, 0% (5%

while for arestrictedcontract;

£ = C@.K.e. 659
Ontheotherhand thetransferofferedto agent'h” includesa premium,referredto asherinformationrent
In anoptimalbasiccontract(d, t), this premium (& — C(g",8")) mustbejustsufiicient to offsetthe utility,

(t — C(&,0")), thatagent'h” would derive by adoptingagent‘¢” s contract.lt follows from (54¢) that:

" = c@.e) + @ (C.8H) - C(d.e) (54"
while for arestrictedcontract;
" = CEK.e) + (CEK6) - CTa.K.em) (64"

In whatfollows, we shallsometimesisethe terminologyproductioncostsandinformationcoststo distin-
guishbetweercostsincurredthroughproductionandcosts(usuallycalledrents)paid outto ensurdruthful
revelation. The terms“marginal production”and“marginal information” costswill thenhave the obvious

interpretation.

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

competitive marlket at a price of p. Givena basiccontract(d, ), the principal’s profit from anagentwho
declaresa type of & is pg(@') —f(6').  Thus, the principal’s problemis to choosethe contract(d, )
that maximizeszee{ef o) {Pr(e) (pq(e) — f(e)) } subjectto incentve and participationconstraints. By

invoking the necessargonditions(5), we canreducethe principal’s programto the problemof finding an

1 Notice thatthe principals profit dependonly on agents’announcedypes. The reasonis thatthe contractis written in termsof the agents
deliverable,g. Thiswould notbethecaseif the principal specifieda piecerateandtheagents deliverablewerenot verifiable.
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(unconstrainedinaximumover q of thefollowing expression:

max { 5 Pre)(pae) -Ca, e))} +  Pre"i(a) (7)
q
ee{elon}
wherei(q) = (é(qf,e‘f) —C”(qf,eh)) denotegheinformationcostof having agent*#” produceq under
abasiccontract.Togethemith (5-£%) and(54"), thenecessargonditionsfor (§,f) = ((c”]f 9, (qh,fﬁ))
to maximize(7) are:
_ o oc@.e" "
p = T (54"
aC (g, 0t ol (g, 8% N
_ 4 ’ h ’
p = Pr6 )7aq Pr(6 )7aq (5d)

The standardesultsfollow immediately: while agent‘h” will producethe neoclassicalevel of outputfor

hertype,agent'?” will producdessthantheneoclassicdevel of outputfor hertype, providedthat —3— ( D is

aq
(’91)

positve. To seethat is positive, obsenre thatsinceproductiontechnologyexhibits decreasingeturns

to scale, an ) is increasingn g. Henceif a'( L 0, (5-f) canhold only if & is lower thanthe g-value
atwhich maginal costequalsprice.

Theprincipal's problem:restrictedcontracts Now considera restrictedcontract(q,k,t). As before, by

invoking the necessargonditions(6), we canreducethe principal’s programto the problemof finding an

(unconstrainedinaximumover (g, k) of thefollowing expression:

Pr(o) (pa(®) ~Cla,k,8))  +  Pre"T(ak) (®)
oe{0%,0n}

wherel(g,k) = (C(q, k,8%) —C(q,k, eh)) denotegheinformationcostof having agent‘¢” produceq

with capitallevel k undera restrictedcontract. Togethewith (G—fg) and(G—fh), the necessargonditionsfor
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@t = ((ﬁé Kt B, @, E )) to maximize(8) are:
p = %&hﬁh) (6"
p = PreH %{;kl’% Pr(8") aT(ﬁgéEZa 6) (6)
0 = P69 7(96@25’ %) Pr(e" al_(qféf, 8 6K)

As with a basiccontract,agent‘h” will producethe neoclassicalevel of outputfor hertype, while agent
“2” will producelessthanthe neoclassicalevel for hertype, provided thatar('a’—;ie[) is positive. Analogous
to output,agent‘h” will usethe neoclassicainput mix, while theinput mix for agent*£” will be affected

oC(a (.0) 8
ok

by the informationproblem. Since ) is zero(see(4)), the neoclassicatapitalchoicek(at, 8¢)

. . 4 . ar(qf’k(qiyef)yef) . . . . .
will satisfy(6-k’) only if =—===5="="is zeroalso. We will establishbelov thatthis will not bethe case

71

giventheassumptionsve have imposedsothatagent'/” s prescribednput mix underanoptimalrestricted

contractwill differ from theneoclassicamix.

Thefollowing resultfollows immediatelyfrom expressiong5), (6), (7) and(8).

Proposition 1. Theprincipal’s profitsunderthe optimalrestrictedcontract are alwaysstrictly higherthan

her profitsunderthe optimalbasiccontract.

Theproof,in asentenceis thatthe basiccontractis afeasiblerestrictedcontract(thoughcheatghatwould
be feasibleunderthe basiccontractare proscribedunderthe restrictedone), but the basiccontractis not

profit maximalwithin the setof restrictedcontracts More formally:

Proof. Let (g,t) = ((q‘f ), (@", fh)) denotethe optimal basiccontract. Constructthe restrictedcontract
@,k,D) ( &, ke ), (g, kD fh)), whereq = § andfor 8 € {6¢,0"}, k(6) = k(§,8). Thatis, underthis
constructedestrictedcontract,the outputsthat were producedunderthe original basiccontractare once
againproducedusingthe (neoclassicalinput mix thatwasendogenouslgelectedunderthe original basic
contract. Thusfor each8, the productioncostof §(0) is identicalunderboth contracts.On the otherhand,
the information costassociateavith (Q,R,f) is lower thanthe information costassociateavith (,t). To

seethis, notethatsinced’ < 8", k! = k(¢, 8%) is distinctfrom the uniquesolutionk(¢t, 8" to thefirst order
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Isoquantfor g°; agent‘h”

Isoquantfor q°; agent‘¢”
Info rents:basiccontract

Info rents:restrictedcontract

Neoclassicatostfor “¢” to produceq®

classicatostfor “h” to produceq®
Costfor “h” to produceq? using?’sk level

Labor

FIGURE 1. InformationCostof Producingg’

condition (1) for the “h™-type producer Hence,we have C(¢f, k¢, 0" > C(¢,k(gf,0"),0") = C(&,8").

Hence
e = C&a@.e) - C@,o
> C(g,8) - C(d,k,en (9)
= CE,Ke) - cekey = Td.Kk (10)

The restrictedcontractwe have constructedhus delivers the sameoutputat a strictly lower costto the
principal, and hencedelivers higher profits thanthe original basiccontract. Hencethe optimal restricted

contractmustyield the principal higherprofits still. O

(Notethatthe constructedasiccontract(q, R,f) is not optimalwithin the setof restrictedcontracts.To see
this, obsere thatk! = k(¢, 8%) fails thefirst ordercondition(6k"), sinceaé(qéif’e[) = 0 (display(4)) while

e
Pr(6") and W arebothnonzero.)

Someintuition for Propositionl is provided by Fig. 1. The higherisoquantindicatesthe set of input
combinationsthat agent“#” could useto producea given outputlevel g°. The lower isoquantindicates
combinationthatagent'h” would useto producethe sameoutputlevel. The parallellinesrepresenisocost
curves. Thebraceto the left indicatesthe costdifferentialif bothkinds of agentswvereto producegP using
their respectie cost-minimal(i.e., neoclassical)nput combinations. The braceto the right indicatesthe

reduceccostdifferentialwhenagent‘h” is penalizedby beingforcedto usethe capitallevel thatis optimal
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for agent‘/?”, i.e., kf = R(qo, 8%). Theleft andright bracesalsorepreseninformationrentsthatthe principal
would have to pay agent“h”, under respectiely, a basicandrestrictedcontractthat specifiedan output
level of o and,in the restrictedcontract,imposedon agent‘h” the neoclassicainput ratio for agent“¢”.

We thusdemonstrateéhat the principal can constructa restrictedcontractwhich exactly mimics ary basic
contract,exceptfor therestrictionon theinput mix that“h” mustuseif shepicksthe contractdesignedor
“¢". Comparingthe two contractsthe principal’s revenuesarethe sameunderboth, sinceoutputsarethe
same. Productioncostsare also the same,sincethe input mixesareidentical. But informationrentsare
lower underthe constructedontractandso profitsarehigher It follows thatprofits mustbe strictly higher

underthe optimalrestrictedcontractthanunderthe basiccontract.

This resultcanbe viewed asa directapplicationof the Le ChatelierPrinciple. The optimizationproblems
facingthe principal when designingeither a restrictedor a basiccontractare identical exceptthatin the
latter case the principal facesan additionalconstraint. Underthe restrictedcontract,the principal is free
to specify both capitaland outputlevels for agentsof eachtype, andthus,implictly, labor levels aswell.

Underthebasiccontract,by contrastthe principalfacesthe additionalconstrainthatthe agentwill always

combinecapitalandlaborin the neoclassicalproductioncost-minimizingratio.
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3. MARGINAL ANALYSIS OF THE BASIC AND RESTRICTED CONTRACTS

In this sectionwe isolateandcompareheeffect of asmallincreasen the degreeof informationasymmetry
on the structuresof the basicandrestrictedcontracts. Wheninformationis symmetric,the restrictedand
basiccontractgield identical first-bestoutcomedor thelow ability agent.By introducinga“small” amount
of informationasymmetrywe canusestandardcalculusandcomparatre staticstechniqueso comparethe

propertieof thetwo kindsof contracts.

One, particularly simple way to vary the degree of information asymmetryis to vary the probability of
realizing eachtype of agent. Specifically in a two-type model, considerthe probability that the agentis
“h”. Obviouslyif this probabilityis eitherzeroor onetheninformationis perfectlysymmetric. The degree
of asymmetryincreasessthe probability that the agentis “h” movestoward one-half,andis maximized
atthis point. Fromour perspectie, this kind of variationin informationis not fully satishctory becauset
necessarilynvolves changingthe principal’s productionpossibilitiesalongwith herinformation. In other
words,thefirst-best,symmetricinformationbenchmarlchangeslongwith the possibility thatthe agentis

“h”. For thisreasorwe proposea testthatholdseverythingconstanexceptinformationasymmetry

Considerthe following thoughtexperimentinspiredby the fable of Cinderella. The two typesof agent
in this story are Cinderella,whoseability level is 8" € (1/2,1) andshoe-sizés petite,andher lessable,
Ugly Stepsisterwhoseability level is 8¢ = 1 — 8" andshoe-sizés extra large. At the time of contracting,
the agents identity is unknavn to the principal; to eliminateone pieceof notation,we assumehat the
probability that the agentis Cinderellais equalto her ability level. However, it is commonlyknown that
soonafterthe contracthasbeensigned.a princes footmanwill, with probability 1 —x, deliver a petiteglass
slipperto thehousewhereboth Cinderellaandhersisterlive, at which point theidentitiesof bothladieswill

berevealedto theworld. With probability X, however, thefootmanwill bewaylaidenrouteto Cinderellas

houseandtheslipperwill be smashedo pieces.

To minimize information rent paymentsthe principal shouldoffer a contractmenuin which production
instructionsarespecifiecex antebut fixedtransfes arespecifiecdbnacontingentbasis dependingpnwhether

thefootmanis ableto deliver the slipperandif so,whethertheagentis revealedto have lied abouthertype:

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

of productioninstructionswill equalthe sumof the reseration utility andproductioncostsof the
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agentfor whomthe instructionsaredesignedjn the eventof revelation,if the agenthasaccepted
thecontractdesignedor hertrue type thenshewill receve zeroinformationrents.

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

(3) if theslipperfails to arrive, the paymenttargetedfor Cinderellawill includeaninformationrentin

theusualway.

Clearly this kind of contractwill inducetruth-tellingbehaior while payingoutinformationrentsonly with
probabilityx8". To reducenotation,we sety = x8". Statedformally, the principal’s taskis to maximizethe

following objectie function:

q

max { {Z {i(pat)-C(@.6))} +  vi(a} (11)
6ie{0,6"}

Thatis, the principal is requiredto pay all productioncostswith probability one, but the needto pay an
informationrentarisesonly with the probability y thatthe footmanfails to deliver the slipper By standard
arguments,whetherthe contractis basicor restricted,the productioninstructionstargetedfor Cinderella
will specifyfirst-bestinputsand outputs,regardlessof the value of y. For the remainderof the paper we
shallentirelyignorethis trivial aspecof theprincipal's problem,andfocusour attentionon the contractual
specificationdor agent*¢”. Since@" is held constanta changein y is proportionalto a changein x. The
designof thisthoughtexperimentensureshataswe varyy holding {6¢, 8"} constantthefirst-bestcomplete
informationbenchmarkemainsconstant.Thuswheny > 0, the rateat which principal’s profitsdeclineas
y increasess a pure measuref the maminal costto the principal of of informationasymmetry With this

constructiorin place,we cancomparehis shorttll underour two differentkinds of productioncontract.

3.1. BasicContract

For eachcontracttype, we proceedin two steps. First, for fixed g, we determinethe minimal cost of
producingat leastq underthe basiccontract,giventhe level of informationasymmetryy. Slightly akusing
notation,we call thisthe basiccostfunction é(q,y) 2 Secondye selectthe profit maximallevel of g, given

C(q,y), by equatinghebasicmarminal costfunction MC(q,y) = %gy) to thepricelevel, p.

In orderto computeour maiginal cost function, it is, for reasonghat will becomeapparentnecessary

for usto setup a costminimization problemsubjectnot to the usualequality constraintsut to inequality

2 In the precedingsectionwe defined(q, 8). As we shallsee G(q,y) is alinearcombinatiorof (g, 8¢) and¢(q, 8").
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constraintsThatis, we minimizethe costto the principal of having thelow-ability agentproduceat leastq,
while requiringthatif the high agentimitates,he producesat mostq, The point hereis thatif the principal
were ableto, shecould reduceinformationrentsby requiring that an imitating agentproducemore than
g. Obviously shecannotimposethis requirementhencethe constraint. While this setupis nonstandard,
it clearly produceghe right result,which is thatthe principal choosego have both the low-ability andthe

imitating high-ability agentproduceq.

In the basiccontract,underhomotheticity the ratio betweercapitalandlaboris fixed,i.e., capitalandlabor
lie on the “neoclassical’ray alongwhich f./f} = v/r, wherev denoteghe wagerate. Let [3 bethe scalar
definingthe neoclassicatay, i.e., for eachi, ki = fBei. Sincethe k’s arenot choicevariable, the problem
underthe basiccontractof minimizing the costof producingat leastq, whenimitatorscanbe requiredto

produceat mostq, is
mineC(e;q,y) s.t. (€', Bef) > qand "(e", Be") < q,
wheree is avectorof effort levelsand

Cleqy) = (vef + rﬁe[) er(v(e"Z — ") +PBr(e - eh))
= (8" +y) (v& +rBe’) — y(ve' + rf3e")

TheLagrangiarfor the costminimizationproblemunderthe basiccontractis:

L(eX;a,y) =C(eq,y) +AB(q— (&, Be")) +A"B(f"(€", Be") — q)

= (6’ +v) (ve +rBef) — y(ve' + rBe") + AB(q - (&, Bef)) +AB(FN(E BN —q)  (12)

Costminimizationunderthe basiccontract

Thefirst orderconditionfor L hasfour equationsn four unknavns.

Ly (8¢ +y) (v+Pr) — NB(fL+ Bt
i _ o hB/sh | n¢h
o - Len _ y(v+Br)~+)\ (fe +BfY) _ 0 (13)
EMB q- fﬁ(e[’BeZ)
| Dy | | ("B —q ]
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Sinceat the solution (eB(q,y),)\B(q, y)) to the Lagrangian(12) of the basicproblemthe constraintsare
identically zero,the basiccostfunctionC(q, y), definedasthe minimumattainablevalueof total costunder
the basiccontractfor each(q,y) pair, is identically equalto I:(eB(q,y),)\B(q,y);q,y). For future reference
it is usefulto decompos€(q,y) into €7(q,y) +C'(a,y), whereCP(q,y) = (ve’B(q,y) + rpe’B(q,y)) is the
productioncostandC'(q,y) = y((ve‘fB(q,y) +rBeB(q,y)) — (vehB(q,y)—lrrBehB(q,y)) is the information

costof producingq underthe basiccontract.

Notefrom (13) that

AéB — (e€_|_y) (V+ Br) > 7\hB _ y(V—|—~B|') (14)

f+BH f+pfe
The strict inequality holdsbecausehe numeratorof A8 is larger thanthe numeratorof A8, while—since

“h” is moreefficientthan“¢” andthe fji’sareevaluatecbtthesamelevel of output—thedenominatoof A¢B

is smallerthanthe denominatonf A"B,

Profit maximizationunderthe basiccontract

The basic mamginal cost function denoted by MC, is identically equal to the total derivative of
I:(eB(q,y),)\B(q,y);q,y) w.r.t. g, which in turn, by the envelopetheorem(Varian, 3rd edition p. 502), is
equalto the partial derivative of L(e8(qg, y),)\B(q,y);q, y) w.r.t. g. This partialderiative in turn equalsthe
differencebetweerthetwo Lagrangiansh’® andA"8, i.e., MC(q,y) = A"B(q,y) — AB(q,y).

Proposition 2. Asthe degree of informationasymmetryncreasesputputdecreasedor the optimal basic

contract.

Proof. At the principal's optimum,ﬂé(q(y),y) = p, whered(y) is the profit maximizinglevel of output

producedy theageniof type“£” atprice p underthebasiccontract. Applying theimplicit functiontheorem,

we obtain.
dityy ~_ _ dMC(qy) /dMC(q,y)
dy dy dq
_ _ (\B@y) _ dA"@y) dA\®(q,y) _ dA"®(q,y) (15)
- dy dy dq dq

In orderto computethederivativesof theAB’sw.r.t. g andy, we needto applytheimplicit functiontheorem

to the first orderconditions(13) for the basicproblem. This involvesthe Hessianof L (expression(12)),
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whichis:
~NB(flt 2B T4+ B fG) O ~(f&+B1) 0
- _ |0 APB(£h,+ 2BD + B26h) O (f0+pfh
—(fL+ Bt 0 0 0
0 (fh+ BN 0 0
Takingtheinverseof HL, we obtain
0 0 —(fL+BEH 0
~ 1
o 0 0 0 (f0+ BN
= ol pgn L (B (féct2BILAR2 L)
(e 4Pl 0 (t6+B10) °
h, fehy—L yhB(fhet2B OB 1)
| ° (fe+Bh) 0 A (10+B) "
We now have
0eB/ay  0eB/aq oLy/ay  oLy/aq
oe'®/dy  9e'B/aq _ @it oL/ Ay oLen/0q
OAB/ay  aNB/aq olye/oy  olys/0q
| 0A"B/dy  OA"B/0q | | oLye/dy  OLye/0q
_ o - )
0 0 (f&+Bfe) 0 (v+Br)
~ -1 -
0 0 0 —(f8+BfY) —(v+pr)
= ¢, pgnL _ B (fet 2BTLAB215)
(e 4Bl © AT T 0
_eh o, Aem—lL hB (Flet 2B 104 B 1)
_ 0 (fo+BfH™ 0 el 0
Hence:
dA*®(a,y) dA"®(q,y) N N R Pl
Ty oy (v+Br) ((fe+Bfk) - (fe +Bfy) >
N
(f&+Bf)

15

(16)

(18)
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whered = g—? > 1. Thesecondine follows from thefirst becausg¢AssumptiorA3) f¢(ef,kf) = (e, k") =
9{(e" k). Sincef’ is homogeneousf degreeq, it follows that (€, k") = 9-Y/9 (¢, kf). and (2 + B )

99 (£ + BfL). To verify thatthis expressioris positive, notethat > 1 anda < 1 sothat9~%/% < 1,

Similarly, sincef., £l andf}} arehomog.of deg. a — 2, (fl,+ 2B 0, + B2 ) = 92/ (fL+ 2B 4+ B2£L).

Therefore
dAB(qy)  dA"B(gy) _(Aza<f£e+2éf£k+é2f£k) e (fet 2B+ B ) )
da dq (f¢+ Bt (10 + BN’
— _(fée‘l'zsféi‘l'siflfk) ()\KB_)\hB) (19)
(f&+Bf)
___a-1 (B yhB
T T A )

Expression(20) is positive because\‘® > A\'"B (see(14)) anda < 1. Expression(20) follows from (19)

becausesince f¢ and f¢ arehomogeneousf degreea — 1,

(flt 2BfE+B2HE) = (egfée;kgfcfk)_I_Bz(szfkl‘(:eéf(fk)
f(f ”2flf
- @G Fy)
- (a—1)(ef)—1<f§+f;kf) e

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

dg(y) (v Hrk(1-97YT)
& ~  @-ppe—ne < O (%)
Expressior(15) is negative becausé‘® > APB, §-1/% < 1 anda < 1. a

3.2. Restricted Contract

We proceedexactly asfor thebasiccontract.For fixedq andy, we determinghe minimal costof producingg

undertherestrictedcontract.Call this therestrictedcostfunction C(q,y). We thenselecthe profit maximal
level of q, givené(q,y), by equatingthe restrictedmarginal costfunction MC(q,y) = %gy) to the price

level, p.
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Thecostminimizationproblemundertherestrictedcontractis:
minC(e k;q,y) s.t. f*(e’,k) > qand f"(¢,k) < q
where

Clek q,y) = (v<¥+ rk) +w(e —€
—v((ef+y)e‘—yeh) +rk

TheLagrangiarfor this problemis:

(e kiaY) + A (a— (€, K) +A"(a— (", K)) (22)

v((8"+ V)€ —ye) +rk+ N (g F(€, k) +A(F"(",K) — q))

L(e,kA%;q,y)

Costminimizationundertherestrictedcontract

Thefirst orderconditionfor L hasfive equationsn five unknawns;

Lo (8°+y)v—ARfg
Len —yw+ AMRfD
oL = Ly = | r=ARffpARED | = 0 (23)
Lee q-f(e".k)
| Ly | | (e k) — |

Onceagain,atthesolution (eR(q,y), kR(q,y),}\R(q, y)) to theLagrangian22) of therestrictedproblem the
constraintsareidentically zeroandthe restrictedcostfunctionC(q, y), definedasthe minimum attainable
value of total cost under the restricted contract for each (qg,y) pair, is identically equal to
L(eR(q,y),kR(a,y),AR(q,y);a9,y). As before, we decomposeC(q,y) into CP(q,y) + C'(q,y), where
CP(a,y) = (v&R(q,y) + rkR(q,y)) is the productioncostandC'(q,y) = w(eR(q,y) — €"}(q,y)) is the in-

formationcostof producingg undertherestrictedcontract.

Notefrom (23) that

AR (Byy S AR

= (24)

o312
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To seethat the strict inequality holds, notefirst the numeratorof AR is larger thanthe numeratorof A"R.
Secondnote that since“h” is more efficient than“¢” andboth “h” and*“¢,” are using the samelevel of
capitalwhile the fl's areevaluatedat the samelevel of output,the denominatoof A‘R is smallerthanthe

denominatoof A"R. An immediateimplicationof (24)is:

Proposition 3. In a restrictedcontract for a givenqg and positivey, the prescribedcapital-laborratio is

greaterthanthe neoclassicatatio.

Proof. Obsere first thataftersubstitutingfor theA’sin (23), Ly canberewritten as
< < —h
f f f
1 - Y o V—"(_—'; - _—ﬁ) (25)
r fe fe
Since“h” is moreefficientthan“¢” andboth areusingthe samelevel of capitalto producethe samelevel

of output,”h™ s effort level undertherestrictedcontractmustbelessthan“#” s. Thatis, éﬂ—i > g[ei whichin

—h Tﬁ 34 |:|

turn implies%ﬁ <z Hencetheright handsideof (25)is positive. Hence;—; <

e

r
v

Fig. 2 belav provides someintuition for this result. Its top panelreproduces-ig. 1 abore. Considerthe
effectontheprincipal’s problemof increasingy from zero,for themomentholdingthe outputlevel constant
at an arbitrary outputlevel o°. By the ervelopetheorem,a small increasen capital intensity abose the
neoclassicdkevel hasonly asecond-ordeimpacton the productioncostsof agent‘¢” (seethebottompanel
of Fig. 2). Ontheotherhand,sincetheinitial capitallevel is alreadysuperoptimalfor agent‘h”, thegiven
increasewould resultin a firstorderincreasein agent“h™ s productioncostif he acceptedhe contract
designedor “¢”. Thus,a smallincreasen capitalintensity beyond the neoclassicalevel for “¢” results
in afirst orderreductionin informationcosts,anda second-ordemcreasean productioncosts. It follows
thatwheneery > 0, the prescribedevel of capitalfor agent*£” will exceedthe neoclassicalevel for her

prescribedevel of output.

Profit maximizationundertherestrictedcontract

The restricted mamginal cost function denotedby MC, is identically equal to the total deriative of
E(eR(q,y),AR(q,y);q,y) w.r.t. g. Applying the envelopetheoremason pagel4, MC is identically equal
to the total derivative of L(eR(q, y),)\R(q, Y);q,y) w.r.t. g, whichin turnis equalto the partial derivative of
E(eR(q,y),AR(q, y);q,y) w.r.t. g. This partial derivative in turn equalsthe differencebetweenthe two La-
grangianshAR andAMR i.e., MC(q,y) = A"R(q,y) — AMR(q,y). At the principal’s optimum,MC(q(y),y) = p,
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Capital

Info rents:basiccontract
/'s neoclassicak

Info rents:restrictedcontract
h's neoclassicak

Isoquantfor o°; agent¢”
PSfragreplacements

Isoquantfor g°; agent‘h”

Labor

Capital

increased
¢’sneoclassicak

Secondrderincreasean productionCost

. ) / Firstorderdecreasén informationCost

Labor
FIGURE 2. Effecton ProductionandinformationCostof increasingk

whereq(y) is the profit maximizinglevel of outputproducedby the agentof type“¢” at price p underthe
restrictedcontract.Onceagain,we applytheimplicit functiontheoremo obtain:

Proposition 4. As the dggree of information asymmetnyjincreases,output deceasesfor the optimal re-
strictedcontract.

Proof. To obtainanexpressiorfor aa(y)

ay we proceedxactly aswe did to obtainexpression15) on pagel4,
ie.,
da) ~_  _ dVC(gy) /dMC(q.V)
dy dy dq

- (dVR(q,v) _ dA“R(q,v)> / (dA‘fR(q,v) _ dA“R(q,v)) (26)
- dy dy dq dq
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Onceagain,we apply theimplicit functiontheorento obtainthe derivativesof the AR’sw.r.t. g andy. The

Hessiarof L (expression(23)) is:

5
Py

RACHAEL E. GOODHUEAND LEO K. SIMON

~ARfL, 0
0 ARER ANRE!

ARG N

ARG

—f¢ 0 —f¢

0 g g

NRG-ARE)

—f¢ 0
o fh

Becauseheinverseof HR is comple, we replacetermsthat we do not needto evaluatein the expression

below by ['s:
oeR/oy  9eR/aq |
0e"R/oy  0e'R/aq
akR/ oy akR/ Jq =
OAR / oy OAR / 0q
i OAhR/ay OAhR/aq |
B fhzflz fhf/fhf/
fOELENfL ££2§h?
e)\élg)\kﬁRe )\?R)\kﬁR
— iP5 g —fL2ghih
TARARR TARAR
(fD2pfwe)  PM(h) f010u(0)
AR T AR T TR
fé ficn(h) (f8)*B"u(h)
T AR AR
Wherefor i = h, /.

)\ZR)\hR

= Aﬁ X

fEfim(h)
AR
1°pu(h) _ fiPMEo)

MR T TR
£2u(h)

R
H(&)u(h)

)\hR fe[ ZA(R

erPM(E) - A((f’)h)

[ ol./dy  dle/0q |
OLen /Oy dLen /00
-HR| oL /dy  oL/aq
oLyr/dy  dLyr/dq
| oLye/dy  OLye/0q |
h2n¢ J
O S0 Puy
0 _feh;k“téu)
h2
O
O fLPM(h) - AEUa00
h
R s T
Wi) = flefk— fafe
Bi — ki/ei
PM() = fie(fi)”+ flac(fe)” — 2feficfe

A(f,)

flafee— (fer)?

(27)
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Thedeterminanbf HR,
AR = NR(EHZPM(h) - AR(ED)ZPM(2) (28)

canbe signedfor sufficiently smallvaluesof y = 0. To seethis, first notethatthe PM(i)’s arethe negatives
of secondprincipal minorsof the borderedhessiarof f, andarehencenegative. Secondwheny is small,

AR is smallrelative to AR, sothatfor sufficiently smallvaluesof y, AFR will be positive.

Thenumeratoiof d?j—(yy) (expression(26) abose) cannow bewritten as

VRIS~ &) (i = 1600 (el = 1810) 9)
KARR (fé)? (102
while thedenominatoof (26)is
2
(fefd) (R_h R (féefic — fafé) nr (Flefit — fakfe)
keAHe_ (AR NRy(1— ) [ NR€€ (fg)ze el Rl ee (fg)ze e (30)
Dividing (29) by the nggative of (30), we cannow write (26) explicitly as:
day)  _ V(€ —¢) < 0 (26)
dy CRRaE
Expressior(26) is negative becaus&’ > €, A® > A"8 anda < 1. O

3.3. Comparing Restricted and Basic Contracts

Thefollowing resultgeneralizesndextendsPropositionl above.

Proposition 5. For a givenq and positivey, both the information costand the principal’s total cost of
optimally obtaining g undera restrictedcontract are lessthan the information costand principal’s total

costof optimally obtainingthis g undera basiccontract. Thatis,

forall gandally>0, C(gy) < C(gy) and C'(gy) < C'(ay (31)

Proof. Both partsof the propositionareimmediateimplicationsof Proposition3. Thefirst inequalityholds
becausdhe neoclassicainput mix is feasibleunderthe restrictedcontract,but, by Proposition3, violates
thefirst ordercondition(25). Proposition3 alsoimpliesthatthe productioncostof producingary givenq

undertherestricteccontractCP(q, y) = (ve'R(q) + rkR(q)) strictly exceedshe productioncostof producing
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the samelevel of g underthe basiccontract,CP(q,y) = (v&’®(q) + rk’®(q)). However, aswe have just

established,

Clay) = Cay+C@y < Cay+C@y = Cay

ThereforeC'(q,y) < €'(q,y). O

Onceagain thepropositionreflectsthefact, illustratedin Fig. 2, thatthefirst orderreductionin information
costsobtainedoy moving away from the neoclassicahput mix mustnecessarilpffsettheresulting,second

orderincreasen productioncosts.

A lessimmediateresultis:

Proposition 6. For anylevelofy € (0, 1], outputproducedby agent/ is higherunderthe optimalrestricted

contractthanunderthe optimalbasiccontract.

Proof. We begin by comparing26) for theoptimalrestrictedcontralto thecorrespondingxpression(15),

for the optimalbasiccontract:

day)  dd(y) 1 ((vefBJrrkﬁB)(l—sl/u) - v(eZR—ehR)> (32)

dy dy 1—a AB _ )\hB AR _ )\hR

As we obsered on pagesl4 and 19, (A® — APB) = (A‘R_\MR) — p at the optimum basicandrestricted
contracts. Also, the numeratorof the first fraction on the right hand side of (32) can be rewritten as

(ve’® 4 rkB) — (ve'® 4 rk"B) (seethe explanationfollowing display (18) on page15). Hencefor y > 0,

(32)reducedo
day)  dd(y) _ 1 X  Alym
dy dy oyi_a) (C'(@y),v) c'@w),y) (32)

We usethis resultto shav thatq(y) > §(y), for all y € (0,1]. First notethatinequality (31) plus continuity
implies the existenceof € > 0 suchthatfor ary y > 0, if [g(y) — G(y)| < €, then(32) will be positive.

Summarizingwe have establishedhat

thereexistse* > 0 suchthat|[q(y) — §(y)| < €* impliesd?j—ily) > d((qj_(yy) (33)
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Now supposehatthereexistsy > 0 suchthatd(y) > q(y) andlet y* be the infimum of suchy's. We will
establisha contradiction.Sinced(0) = §(0), statemen{33) impliesthe existenceof y > 0 suchthatfor all
ye (0], a(Y) = Jo &5 d449) 49 < I3 <5 99) 49 =q(y). Thereforey* > y> 0. Now sinceq(-) < G(-) on [0,y*)
andg(-) — q(-) is clearlycontlnuouswrt y, thereexistsy < y* suchthatqy(-) € (§(-) — €%,6(-)) on[y,Y").

Now

5 503 9 _ v (dq(®) dQ(ﬁ))

@) -av) - @@ -am - [ (% e > o
whichimpliesthat(dg—y — dgg)) is positive on somesubsebdf (y,y*), which contradictg33). O

An interpetatiorof the above resultis thatthe maginal costcurve (including both productionandinforma-
tion rentcosts),is strictly lower underthe restrictedcontractthanunderthe basiccontract. Intuitively, this
is becausavith therestrictedcontractthe principal canlimit the extentto which agent*h” could substitute

betweerlaborandcapitalif shewereto accepthe contractdesignedor “£".
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_ private cost _ private cost (basic)

. social cost 4 social cost (basic)

price price

Social Surplus under basic contract Social Surplus under restricted contract

Basic Contract Restricted Contract

FIGURE 3. Comparisorof socialsurplusunderbasicandrestrictedcontract

4. THE SOCIAL COST OF INFORMATION ASYMMETRY

As we have seenthe principal’s profits are higherundera restrictedcontractthanundera basiccontract.
This doesnot necessarilymply, however, thatrestrictedcontractsare preferableto basiccontractsirom a
social perspectie. Briefly, the principal’s goalis to minimize the sumof productionandinformationcosts,
but only productioncostsmatterfor socialsurplus.Informationcostsaresimply atransferfrom theprincipal
to agent'h”. In termsof the LeChateliemprinciple,while the principalis madebetteroff, the agentis made
worseoff, sothattheneteffectis not pre-determinedin this sectionwe comparehetwo kindsof contracts

from a socialperspectie whenthe degreeof informationasymmetryis “small”

In the presentmodelwith perfectly elasticdemand socialsurplusis the sumof the principal’s profit and
the informationrentreceved by agent‘h”. Sincethe informationrentis a puretransfey socialsurplusis

equalto the principal’s total revenueminus productioncost. Althoughinformationrentsare lower under
the optimal restrictedcontract,averageproductioncostsare higher becausehe input mix is sub-optimal
from apureproductionstandpoint.Thesecondactorwhich affectssocialsurplusis thelevel of production.
Propositiort establishethatproductionis alwaysgreatemundertheoptimalrestrictedcontract. Whetherthe

productionlevel effect or the input mix effect dominatesiepend®n the degreeof substitutabilitybetween

the two inputsinto the productionprocess.

Proposition 7. Thee existsg € (—, 1] andy > 0 sud thatif the elasticityof substitutionbetweercapital

and labor is lessthan &, and the degree of information asymmetryis lessthan y, the optimal restricted

3 Forthe purpose®f thefollowing proposition,we definethe elasticityof substitutionasfollows:
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FIGURE 4. Inputmix distortionsandinformationrents

contract yieldsa higher level of social welfare than the basiccontract. Similarly, there exists& € (—, 1]
andy > 0 sud that if the elasticity of substitutionbetweencapital and labor is greaterthan &, and the

degreeof informationasymmetrys lessthany, the optimalrestrictedcontract yieldsa lower level of social
welfare thanthe basiccontract.

Formal proof to follow

Intuition for Proposition7 is providedby Figures3 and4. Relative to thebasiccontractproductioncostsare
higherundertherestrictedcontract,sothatthesocialsurplusassociateavith ary givenqis lower. However,
aswe establishedn Proposition6, the level of outputproducedby the low ability agentunderthe optimal
restrictedcontractis higherthanunderthe optimal basiccontract. Which of thesetwo effectsdominate?

Whenlaborandcapitalhighly complementaryasin the bottompanelof Fig. 4, the principal canobtaina



26 RACHAEL E. GOODHUEAND LEO K. SIMON

very large “bang for the buck” in termsof informationrentby a small distortionin the capital-laborratio
away from the optimalratio. Indeed asthe elasticityof substitutionapproacheminusinfinity, the quantity
producedunderthe optimal restrictedcontractapproacheshe first-bestquantity while the distortionin

the capital-laborratio goesto zero, andthe optimal restrictedcontractis socially superiorto the optimal
basiccontract.Ontheotherhand,wheninputsarehighly substitutableinput mix distortionshave verylittle

leveragen termsof informationcosts.Indeed astheelasticityof substitutiorapproachesnity, the quantity
producedunderthe optimal restrictedcontractapproacheshat producedunderthe optimal basiccontract,

but sincetheinput mix is distorted the socialorderingis reversed.
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5. CONCLUSION

We have shawvn that the principal’s profits increasewvhen he controlsthe non-laborinput. Further output
increasessincethe principal can allocatecapital to help mitigate her information costs. However, this
mitigation of informationcostsdistortsthe capital-laborratio away from its production-dicient level. This
distortionis socially costly Provided thatlabor andcapitalare suficiently complementarythe restricted
contractwill resultin higher social surplusthan the basiccontract. If labor and capital are sufiiciently

substitutablethe basiccontractwill resultin highersocialsurplusthatthe restrictedcontract.

Ourresultdiffersfrom the classicfinding of AverchandJohnsonwho foundthatcost-pluspricing induces
overinvestmenin capitalequipmenthatis sociallycostly Essentiallyin theasymmetrianformationprob-
lemwe considetthereis anoff-settingsocialconsiderationNeitherof thetwo factorsnecessarilglominates
the other sothatthe socialimplicationof input controlby the principalis nota priori determinateln terms
of the LeChatelierprinciple, this canbe explainedby observingthatinput control for the principalis the
sameasremaoving a constrainton him, but it simultaneouslymposesanadditionalconstrainton the agent.

Theneteffect of theseadjustmentss not predetermined.
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