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Abstract

Wecomparetheeconomicefficiency of apublicly-ownedutility directly

controlledby the governmentwith a publicly-ownedutility regulatedby a

public utility commission(PUC). Regulationby a PUC is modelledasa

Nashequilibrium of a gamebetweentwo principals,the governmentand

the PUC, eachof themhaving control over a subsetof decisionvariables

determiningtheutility performance.A utility manager, whohasprivatein-

formationover a productivity parameter, is theagent.Comparisonsof both

regulatoryregimesaremadewith respectto output,choiceof inputs,man-

ager’s informationrentandfirm’sprofit. Reasonsfor whichthegovernment

shouldpreferoneregulatoryregimeovertheotherarediscussed.Therecent�
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regulatoryreformof electricitymarketsin theprovinceof Quebec(Canada)

providesanillustrationof themodel.
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1 Introduction

In recentyears,technologicalprogresshasconsiderablyreducedthe extent of

activities which are consideredto be naturalmonopolies. As a result, entry

restrictionswererelaxed in many industries,suchastelecommunications,cable

television, naturalgas,electricityor mail services. However, in all theseindus-

tries, sector-specificregulationremains,eitherbecausepartsof their operations

still arenaturalmonopoliesor becausethey aredeemedessential,in which case

subsidizedpricesareinsuredby regulationfor equity purposes.1 Suchservices

continueto beprotectedfrom entry. As therecanexist scopeeconomiesbetween

competitiveandprotectedservices,priceregulationmustoftenapplyto firmsthat

supplybothtypesof services.

In sucha regulatory framework, pricesset for protectedservicesare likely

to be routinelycontestedby both theprotectedserviceprovider andcompetitors

on the groundthat they involve cross-subsidiesat their disadvantage. In many

countries,suchchargescanbeexarcebetedby thefact that theformermonopoly

incumbentis a public enterprise,aspresumptionsof political interferenceswith

market operationsbecomedifficult to eschew. For this reason,governmentsin

thesecountriesoftencombinederegulationandmeasureswhichsignaltheircom-

mitmentto keeppublic enterprisesat arm’s lenghtfrom political interventions:2

thesecango from simpleaccountingrules, suchasaccounting“separation”of

competitiveactivitiesandprotectedservices,to outrightprivatization.

1For instance,liberalizationof telecommunicationsandpostalservicesaregenerallyaccompa-

niedwith someform of universalserviceobligationsto insurethathigh costcustomersstill geta

minimal servicelevel. Distribution andtransport/transmissionof naturalgasandelectricitystay

naturalmonopolieswhetheror not competitionis allowedin productionandsupply.
2Furthermore,suchmeasurescanbeencouragedor imposedby tradeagreements.



Oneof thesemeasures,adoptedby thegovernmentof Quebecfor electricity

markets,is to delegatethemonitoringof theindustryin generalandof thepublic

enterprisein particularto a so-calledindependentregulatory agency, or public

utility commission(PUC),3 similar to theonesthat traditionallyoversaw private

naturalmonopoliesin US. This framework hastheadvantageof beingrelatively

easyto implement. However, asthegovernmentownsthepublic enterpriseand

setsup the agency which regulatesthe latter, it is not readily clearwhetherand

how thisregulatoryframework differsfrom onewheregovernmentsolelycontrols

thepublicenterprise.

This paperpresentsa microeconomicmodelwhich allows to make efficiency

comparisonsbetweentwo regulatoryframeworksappliedto protectedmarketsof

public enterprises: direct governmentcontrol, which refersto the casewhere

governmenthasthepower over all decisionvariablesthataffect theperformance

of thepublic enterprise,andregulationby a PUC. We first developa principal-

agentmodelto analyzeallocativeandproductiveefficienciesof apublicenterprise

which is directlycontrolledby government.Regulatoryreformis thenviewedas

thetransferof somedecisionvariablesfrom governmentto thePUC. A solution

is derived for a gameplayedby the two principals,i.e. the governmentandthe

PUC. A utility manager, who hasprivateinformationaboutlabor productivity,

actsasaself-interestedagentwho maximizesherinformationrent.

In this model,the governmentcanpursueanobjective that differs from util-

itarianwelfaremaximizationanduseits public enterpriseasa policy instrument

to reachits goal. This is in factwhy market liberalizationrequiresa signalthat

the industrywill be regulatedat arm’s length. In orderto highlight the impact

of PUCregulationon theefficiency of thepublicenterprise,wefirst considerthat

thegovernment’s objective remainsthesameunderboth regulatoryregimes. In

thesecircumstances,thegovernmentprefersdirectcontrol,sinceit canmaximize

its objectivefunctionusingall decisionvariables.As aresult,creationof thePUC

mustbecausedby externalpressure,suchastradeagreements.We thenlook at

3Becausetheregulatoryagency actsasa principalin ourmodel,hereafter, we referto it asthe

public utility commission.
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thepossibility thatboth regimesbeoperatedunderdifferentobjective functions.

This is to reflecta casewherethegovernmentis forcedto changeits announced

objective function,but is freeto selecttheregulatoryframework. Thequestionis

thenwhetherthePUCbecomesa way to circumventthisexternalpressure.

Our allocationof decisionvariablesbetweenthe governmentand the PUC

follows the distinction madeby Laffont and Tirole[7] betweeninternal control

andexternalcontrol. Accordingto theseauthors,“internal control is thecontrol

of thefirm’s inputsandcostminimizationprocess”4 while “externalcontrolis the

controlof all variablesthatlink thefirm with outsiders:consumers(regulationof

prices,quality, productselection,etc.)...”.5 They view a regulatedprivatefirm as

a firm whoseinternalcontrol is exercisedby shareholders,andexternalcontrol,

by government. For public enterprises,both externaland internalcontrolsare

exercisedby government. A naturalextensionof this analysisto the caseof

a regulatedpublic enterpriseis to let the PUC exert external control while the

governmentexerts internalcontrol. This is the way separationof control over

decisionvariablesbetweenthetwo principalsis madein ourmodel.

We assumethat all sectorsof the economyother than the protectedsector,

including the competitive segmentsof the regulatedindustry, areperfectlycon-

testable.However, pricingof theprotectedservicecaninducedistortionsin other

markets. In orderto abstractfrom theexplicit waysthesedistortionsarecreated

(e.g. cross-subsidies,taxationof competitor’s service)andto focuson a partial

equilibriumfor theprotectedservice,we assumethat thepublic enterpriseis en-

tirely financedby government,on the baseof the appropirateshadow price of

public funds,andthatit is aprice-taker on its competitivesegments.

Themainresultsof themodelareasfollows. Whenthesameobjective func-

tion is usedunderboth regulatory regimes, the action of the PUC leadsto an

increaseof thepublic enterpriseoutputandto a profit decreaseif demandis in-

elastic. Creationof a PUC could thenpotentiallybe justified if theprice of the

4Laffont andTirole [7], p. 86. They cite “influenceon managerialinputsthroughmanage-

rial incentive schemes,interventionin the decisionsconcerningemployment, level and type of

investments,borrowing etc.”, asexamplesof internalcontrol.
5Laffont andTirole [7], p. 86.
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protectedservicewasoriginally higherthanthewelfare-maximizingprice. But

if governmentpreferencesaresuchthat thepriceof theprotectedserviceis orig-

inally lower thanthe welfare-maximizingprice, the tendency of the PUC to in-

creasefurthertheoutputcanbeusedstrategically by thegovernment: it canhelp

circumventachangeof objective functionimposedby externalpressuresin order

to decreaseoutput.

Although,to our knowledge,thereexistsno economicmodelwhich analyzes

explicitly the performanceof publicly-ownedmonopoliesundervariousregula-

tory regimes,modelshave alreadybeenbuilt in orderto comparethe efficiency

of directly controlledpublicly-ownedmonopoliesto the efficiency of regulated

privatemonopolies.6 Our treatmentof directgovernmentcontrolcloselyfollows

Pint’s model[10] with two exceptions. First, our specificationof the manager’s

compensationschemeis lesselaboratethan in Pint. This simplifiesthe model

withoutlosingany insightonproductiveor allocativeefficiency. Themodelcould

beextendedto includePint’scompensationschemewithoutmodifyingtheresults.

Second,contraryto Pint, thegovernmentdoesnotvalueemploymentwagesin its

objective function; i.e. it doesnot wish to useits public enterpriseto spurem-

ployment. This also allows to simplify considerablythe presentationwithout

modifying thestructureandthebasiclogic of themodel. However, it shouldbe

noticedthat the resultsderived herewould changeif a sufficiently high weight

weregivento laborwagesin thegovernment’sobjectivefunction: thePUCwould

tendto decreaseoutputand,with aninelasticdemand,to increaseprofit.7

Note also that in our model, contrary to most modelsin the literature,we

assumethatthePUCdoesnotimprovethegovernment’sinformationonthefirm’s

costor productivity. Thisallowsusto focuson theimpactof separatingdecision

variablesbetweenthegovernmentandthePUC. Thisassumptioncanbejustified

by thefactthat,asa shareholder, thegovernmentalreadyhastheright to conduct

inquiriesinto its enterpriseasit seesfit. As a result,gettingbetterinformation

6SeeLaffont and Tirole[7], Pint[10], De Fraja [5],and Schmidt[11]. Thereis also a large

empiricalliteratureon this topic,seeBernardandWeiner[4] andreferencestherein.
7Nouhi [9] presentsthesamemodelastheonedeveloppedin this paper, with theadditionof a

laborwagein thegovernment’sobjectivefunction.
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from thefirm doesnot requirean independentbodyasit is thecasefor a private

firm; it canbedone,for instance,by increasingthestaff of thedepartmentwhich

monitorstheenterprise.

Thenext sectiondescribesthepartsof themodelwhich arecommonto both

typesof regulatoryregimes. Sections3 and4 thenturnto determinationof output

andinputsunderdirect governmentcontrol andunderregulationby a PUC, re-

spectively, assumingthatthegovernmentobjective functionstaysthesame.Sec-

tion 5 looks at the ways the governmentcanuseregulationby a PUC to reach

goalsthatdiffer from anobjective function that is imposedby externalpressure.

We illustratethiscasewith electricitymarketsin Quebec.By wayof conclusion,

wediscusssomeextensionsthatcouldbebroughtto themodel.

2 Basic Model

2.1 Technology, Welfare and Government’s Objective

Thegovernmentis thesoleownerof anenterprisewhichproducesagoodaccord-

ing to thefollowing Cobb-Douglastechnology:�������
	������� (1)

where � is output, � is capital,  is labor, and � is a randomvariableaffecting

input productivity. A high � is thusassociatedwith high input productivity. In

orderto insuredecreasingmarginalproductivitiesfor capitalandlabor, weassume

that ����� and ����� . At thisstage,noassumptionis requiredonreturnsto scale,

i.e. on whether����� is greaterthan,equalto, or lessthan � .
Realizationsof the randomvariable � , as well as the amountof labor em-

ployed,areprivatelyknown by themanagerof thefirm.8 However, thedensity

8This assumptionis justified as follows by Pint [10] (p. 134-135): “outsidersobserve the

numberof workers,but not their quality or thenumbersof hoursthey work.” Efficient usageof

laborcanbeconsideredasamanagementproblem. Generally, theexistenceof apublicenterprise
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function � andthedistribution function � , definedover the interval � �! #"$�&%(' , are

commonknowledge. From(1), weobtainthelaborrequirementfunction,i.e. the

minimumamountof labor that is requiredto produce� with capitalinput � and

productivity parameter� : )	*�!"$��"$�&�,+��  
- � -�. �/�  � . � (2)

Thefactthat � cannotbedirectly observedby governmentor thePUCallows

theutility’ smanagerto extractaninformationrent. This renttakestheform of a

payment(or transfer)0 	���� whichvarieswith thereportedproductivity.9 Because

suchpaymentreducesthe profitability of the public enterprise,the government

wishesto keepit assmallaspossible.Othermanager’scompensationswhichare

not relatedto the productivity parameter, suchasa fixed salary, aresetequalto

zerowithout lossof generality. Similarly, themanager’sreservationutility, which

canbeassimilatedto heroutsideopportunities,is alsotakento bezero.

Output,capitalandprofit areobservableby theprincipal(s). For givenvalues

of the observable and the private information variables,consumersurplusand

profit arethendefinedby: 1�2 	3�/�54 6879�: 	<;=�?>/;A@ : 	*���B� (3)C 	3�D"E��"$F" 0 �54 : 	3�/�G�H@�I��J@�KLM@ 0 (4)

where: 	BNO� is the inversedemandfunction, I is theprice of capital,and K is the

wagerate(all exogenousto themodel). Notethattheinformationrentis deducted

directly from profit. Thisaccountingconventionis adoptedbecausetheinforma-

tion rent constitutesan incentive paymentto the managerand thus reducesthe

benefitsof owning theenterprise. However, aslong asthesameweight is given

to theinformationrentandotherinput costs,it wouldbeequivalentto keepsepa-

rateaccountingfor theinformationrentand“gross” profit C 	GNP"QNR"QNP" 0 � �S0 .

is justifiedby the fact that thegovernmenthasneitherthe time nor theknowledgeto tacklesuch

problems. This amountsto acknowledgingan informationasymmetrybetweengovernmentand

thepublicenterprise’smanagers.
9This rentcanthusbeinterpretedasaperformance-basedbonus.
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Weassumethatconsumers’utility functionsareseparablein thepublicenter-

prise’s goodandincome(which represents“all othergoods”)andthat they take

thefollowing quasi-linearform:TVU 	*� U "EW U �X+ZY U 	3� U � � W U (5)

where [ is theconsumerindex, � U is thequantityof public enterprise’s goodpur-

chasedby consumer[ , and W U is its income. Becauseof this quasi-linearform,Y U correspondsto individual consumer’s surplus. Eachconsumerwill seeits

incomeaffectedby theutility’ sprofit (deficit)becausegovernmentactsasaresid-

ual claimant: suchprofit (deficit) will reduce(increase)taxeslevied by govern-

mentand,consideringthateachdollar of taxationcreatesa deadweightlossof \ ,

aggregateincomeincreases(decreases)by 	 �L�]\ � C . We alsoassumethat the

firm’s manageris partof theconstituency, sothatherinformationrententersinto

the socialwelfarefunction. With eachconsumergettinga givenshareof profit

(taxes),summingindividualutility functionsleadsto thefollowing utilitarianwel-

farefunction: ^ 	*�!" C " 0 �X+ 1_2 �S0	 �`�8\ � � C (6)

wherenormalizationwith respectto 	 �,�a\ � is madeonly for easeof presentation

of calculationsmadebelow.

Thegovernmentmayhave political motivationsandusethepublic enterprise

asa policy instrumentto reachgoalsotherthanwelfaremaximization. Specif-

ically, governmentgivesa weight b to aggregateconsumersurplusthat differs

from �dc 	 ���8\ � :10 e 	 1_2 " C " 0 �X+ b 1�2 � C � 	 �`�8\ �  
- 0 (7)

10Baron[1] shows that sucha functioncanbeviewedasa majority-ruleequilibriumof a leg-

islaturewhosemembershave utility functionsthatarelinear in consumersurplusandprofit. He

alsoshowshow to connecttheseutility functionsto constituentinterests.
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2.2 Manager Behavior

The managerseeksto maximizeher utility. This amountsto maximizing the

informationrent,sinceall othercomponentsof hercompensationarefixed.

In virtue of therevelationprinciple,a directmechanismis used.11 Theman-

ageris thus asked to report parameter�!f Dependingon her report g� , shewill

have to meeta productionandprofit target h �i	 g���j" C 	 g���lk with theamountof cap-

ital madeavailableto her, h �a	 g�/�$k . If shereports g� while the true valueof the

parameteris � , therent g0 	 g�!"$�/� thatsheobtainsis:g0 	 g�D"E�/�,+ : 	3�m	 g���?�B�i	 g���n@�I��a	 g�/�n@�KHV	3�m	 g���l"$�a	 g���j"$���n@ C 	 g��� (8)

Then,in orderto make themanagertruthfully reportparameter� (andinsurethat

outputandprofit targetsaremet),themenuof contractsh �i	��&�j" C 	*�/�l"$�a	����lk must

bedesignedin suchaway thatg0 	 g�D"$���o� g0 	��!"$�/�X4 0 	*�/� p g�i"$� (9)

Thisis theincentivecompatibility(IC) constraint.Thefollowing two lemmas,

borrowed from Pint (1992),provide operationalnecessaryandsufficient condi-

tionsfor satisfyingthis constraint. In thesecondlemmaandlaterdevelopments,

it is usefulto referto thefollowing function:q 	3�D"E�r�,+Z� -�. �s�  � . � (10)

whosevaluecanbeinterpretedastheamountof effectivelabor, or work, which is

requiredto produceoutput � with � unitsof capital.12

Lemma 1 Thenecessaryconditionfor a menuof contracts h �i	��&�j" C 	*�/�l"$�a	����lk to

satisfylocal incentivecompatibilityist 0 	��/�t � +ZKH�u !vw�m	*�/� -�. ���a	��/�  � . �_+�KL�s 
-BV	3�m	*�s�j"$�a	*�/�l"$��� (11)

11We will discusslaterhow thedirectmechanismsolutioncanbeimplemented.
12 Thismeasureof labor, whichis independentof theproductivity parameter, is to becontrasted

with the requirednominalamountof labor xzy|{Q}�~z}����n����yR{Q}�~_���E� , which of coursedecreases

for given { and ~ astheproductivity parameterincreases.
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Proof. SeeAppendixA

Lemma 2 Necessaryandsufficientconditionsfor menuofcontracts h �i	��&�j" C 	*�/�l"$�a	����lk
to satisfyglobal incentivecompatibilityare:	 [ � 0 	*�/�,+ 0 	��u �� � Kr����w� ;  !v �i	3;=� -�. � �a	<;=�  � . � >/;+ 0 	*�u =� � Kr�X�� � ;  !v q 	3�m	<;=�j"$�a	<;=�w�?>/;	 [�[ � q 	*�i	����j"$�a	*�/�?� is nondecreasingin �Df

Proof. SeeAppendixB

Menu h �i	��/�l" C 	*�/�l"$�a	����lk mustalsorespecttheindividualrationalityconstraints0 	����L��� , p(� . Sinceit canbeseenfrom (11) that therentmustbeincreasingin� andbecausethegovernmentalwaysprefersto minimizetherentpayment,these

individual rationality(IR) constraintscollapseto0 	*�u =�X+�� (12)

To understandintuitively why thegovernmentmustgrantaninformationrent

insteadof concedingonly the reservation utility, note that the manager, when

facedwith thetrueparametervalue � , canalwaysannouncea lower productivity

parametervalue g� � � andstill meetcontracttargets h �i	 g���j" C 	 g�s�l"$�a	 g�&�lk , without

makingher lie apparent. This is so becauselabor actuallyemployed is unob-

servableby governmentandbecausethe lower is theproductivity parameter, the

higher is the amountof labor requiredto meetgiven contracttargets. As a re-

sult, by makingthe governmentbelieve thatmorelabor is requiredthanwhat is

actuallyneeded,themanagercanensureherselfa budgetthatcanbeusedfor her

own benefit. More precisely, if governmentmadea priori no provision for an

informationrent,it canbeseenfrom (8) thatannouncingavalue g� lower thanthe

truevalue � wouldgive themanagerthefollowing “self-granted”compensation:g0 	 g�!"$�/�n@ g0 	��D"E�/�,+�K��PV	*�i	 g���j"$�a	 g�/�j" g�/�n@aV	*�i	 g���j"$�a	 g�/�j"E�/�G����� (13)

Takingthelimit as g�z� � , weobtaintherateatwhichthiscompensationincreases

with � , which is exactly equation(11). In other words, in the truthful direct
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mechanism,the governmentconcedesexactly the amountthat the managercan

otherwisegetby herown means. As its nameindicates,the informationrent is

thenexactly thevalueto themanagerof hersuperiorinformation.

3 Direct Government Control

3.1 Direct Mechanism

Underaregimeof directcontrol,thegovernmentdetermines,for eachcontingency� , the valueof outputandcapital. It seeksto maximizethe expectedvalueof

its objective function (7) underIC andIR constraintswith availabletechnology.

Letting � 4 \=c 	 �`�8\ � , its problemreadsas:������ 7?� �G�<�   � �G�P¡ 6 �G¢� � £ b8¤ 6S7?� �G�9 : 	3;=�B>/;A@ : 	3�m	*�/�?�B�i	��&��¥ � : 	3�m	*���?�B�i	����@¦I&�a	����n@�KHV	*�i	��&�j"E�a	��/�l"$�/�n@ �i0 	����lk�> � (14)

s.t.
t 0 	��/�t � +ZKH�  
- ¦	3�m	*�/�l"$�a	����j"$��� (15)0 	��  �,+�� (16)§q 	3�m	*�/�j"E�a	��/�?�o�¨� (17)

This is anoptimalcontrolproblemwhere 0 	���� representsastatevariable.

For themomentwe neglectconstraint(17) andwe will checklaterwhetherit

is satisfiedor not. Appendingcostatevariable © 	���� to constraint(15), we form

theHamiltonianfunction ª�« asfollows:13ª « + ¤ b 6 7?� �G�9 : 	3;=�?>/; � 	 � @ b � : 	*�i	����w�B�i	����@VI&�a	��s�n@�KL�  
- � -�. �¬	*�/�B�  � . �¬	����n@ �m0 	*�/�G � 	�����H© 	����DKH�  !v � -�. �¬	����?�  � . �
	��/� (18)

13Hereafter, superscript® refersto Direct governmentcontrol.
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whereV	*�!"$��"$�&� wasreplacedby itsvaluegivenin (2). Let 	3� « 	��/�l"$� « 	*�/�j" 0_« 	*�/�j" ©#« 	����w�
be an interior solution14 and  « 	*�/�¯4°V	*� « 	����j"$� « 	*�/�l"$�/� . This solutionthen

satisfiesthefollowing necessaryconditions:15§© « + @ t ª «t 0 + �
� (19)t ª «t � + ± b : 	3� « � � 	 � @ b ��	 :m² 	*� « �B� « � : 	3� « �?�n@ KH «� � «´³ �µ�a© « KH «� � � « +��
(20)t ª�«t � + ± @VI � K �  «� � «V³ � @ © « K �  «� � � « +�� (21)© « 	�� % �5+ � (22)¶ � « 	��/�l"$� « 	����?· maximizesª « ¶ �i	����j"$�a	*���l" 0 « 	*�/�l"$��· (23)

Condition(23) in turn impliesthefollowing second-ordercondition:16

ª «7�7 +¹¸�	 � @ b �F¸ : ²º² � « �S» : ²  �ab : ² � KH 7¼7 	3� « "$� « "$���G � @ © « �u 
-? 7¼7 	*� « "$� « "E�/� � �
(24)

Transversalitycondition(22) comesfrom the fact that 0 	�� % � is free in this

problem: recall that the endpointindividual constraint0 	�� % �A�½� wasnot in-

cludedbecauseit is never binding dueto equations(16) and(15). Then,from

(19)and(22),weget:© « 	����,+ © « 	*��%#�n@a6 �G¢� �
� 	*�/�B>s;¾+¿@ � 	 � @ � 	����w�À�¨� (25)

14Sinceboth inputsareessential,any solutionwith {ÂÁaÃ is necessarilyan interior solution.

Notehowever thatanoptimalsolutionmaynot exist: for instance,if Ä is sufficiently high andif

demandelasticityis one,theobjective functioncontinuouslyincreasesas {,ÅÇÆÉÈ
15Weomit argument� wheneverthereis noconfusion. It canbeshown thatif Ê`ËHÌ�Í)Î , these

conditionsbecomesufficient for amaximum. Wedonotwish,however, to imposethisdecreasing

returnsto scalecondition,sinceregulatedenterprisesthatarepublicly-ownedareoftenconsidered

to benaturalmonopolies.
16It alsoimpliesthat ÏzÐÑ#ÑÓÒ Ã andthat ÏzÐÔ*Ô ÏzÐÑ#Ñ´Õ y|ÏÖÐÔ Ñ �*×oÁØÃ , Ù�� . Theformercondition

canbeshown to bealwayssatisfiedwith Ê Ò Î and Ì Ò Î . The latterhasto checkedfor each

problemat hand,but we do not write it explicitly, andrefer insteadto (23), becauseit doesnot

convey any interestingeconomicinterpretation.
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To interpretthis equation,notethat(15) representstherateat which theman-

ager’s informationrent increaseswith � . Now, supposethat themanageris able

to extractoneadditionaldollar of rentwhentheparametervalueis � . Sincethe

managercanalways“mimic” afirm of productivity � if theproductivity parameter

is higherthan � , thisadditionaldollarof rentmustalsobegrantedto themanager

whenever theproductivity parameterexceeds� . As thenetcostto governmentof

eachdollarof rentis � , theexpectedlossto governmentis � 	 � @ � 	����w� .
From(21)and(25),wegetthemarginal rateof substitutionof laborfor capital

at anoptimalsolution:Ú�Û 2 «Ü   4 � � « 	*�/��  « 	*�/� + K I ± �`�8� � @ � 	��/�� � 	��/� ³ "�p(� (26)

If thegovernmentmaximizedexpectedwelfare Ý � ^ 	*�!" C " 0 � withoutconstraint,

this

Ú�Û 2
would be equalto K c I . However, the governmentimplicitly values

labordifferentlyfrom marketwageK . To seewhy, supposeit is decidedthatone

additionalunit of labor is to beusedin theevent that theproductivity parameter

lies in theinterval � �!"$� � >u�d' . This eventoccurswith probability � 	��/�B>u� . From

(15),thisunit addsKH�s 
-B>u� to theinformationrent(andthusreducestheobjective

functionby � KL�u 
-B>u� ) whenever theparametervalueis equalto or greaterthan � ,
i.e. with probability � @ � 	��&� . Thenetmarginal costof laborat � , or thevalue

of labor to government,is thus K �Þ� 	*�/�B>!� ��� 	 � @ � 	��/�?�?>u� c ��' . Sincethe unit

costof capital is I � 	��&�?>u� , condition(26) simply statesthat the MRS should,as

usual,be equalizedto the ratio of input values,wherethe valueof labor differs

from its marketpricebecauseof informationconstraints.Becausetheterm � 	 � @� 	*�/�w� c � � is unambiguouslyrelatedto informationconstraints,hereafter, werefer

to it astheinformationterm.

Turning to allocative efficiency, we substitute(25) and(26) into (20) anddi-

vide theresultby � 	���� to obtain:: 	3� « 	��s�?� ± �`� � @ bß 	 : 	*� « 	*�/�w�?� ³ + KL « 	����� � « 	���� ± �`�8� � @ � 	����� � 	���� ³+ I&� « 	*�/�� � « 	���� "Ép(� (27)
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where ß 	 : � is thepriceelasticityof demand. Theleft-handsideof this equation

representsthemarginal benefitof outputto thegovernment,conditionalon � . Ifb +��i" this marginal benefitsimply correspondsto marginal revenue. Increasingb increasesthemarginal benefitof a givenlevel of outputovermarginal revenue.

If thegovernmentgivesmoreweight to consumersurplusthanto profit ( b � � ),
a casewhich is likely in practice,themarginal benefitis evenhigherthanprice.

Notethat in sucha casethemarginal benefitis positiveevenif ß �Ç@ � , sothat it

is possiblethatthepublicenterprisesellsin theinelasticportionof demand.

To provide aninterpretationto bothtermson theright-handsideof (27),note

that if thepublic enterpriseminimizedthecostof producing� , its marginal cost

of production

Ú 1 	3�D"E�DàEK_"EI/� wouldbegivenby:Ú 1 	*�!"$�DàwK�"EI���+ K�á¦	3�D"E�!àEK_"EI��� � + I�á�a	*�!"$�!àwK�"EI��� �+��  ]âã ¢ â ± K � ³ âã ¢ â � I� � ãã ¢ â �¿äã ¢ â  
- (28)

where á and á� representinput demandfunctions.17 However, from (26), the

governmentactsasif thepriceof laborwere K �å�`�8� 	 � @ � � c � � ' , whichwecall

the implicit priceof labor. Letting

Ú�æ 	3�Dà b �V4 : 	*��� �å�`� 	 � @ b � ß  
- ' represent

the(conditional)marginalbenefitof outputto governmentand ç 	����X4 ���8� 	 � @� 	*�/�w� c � � representthe factorby which governmentimplicit labor wagediffers

from themarketwage,thepricingcondition(27)canbewrittenas:Ú�æ ¶ � « 	����jà b · + Ú 1 ¶ � « 	����j"$�!àEK ç 	����j"EI · , p(� (29)

17Theseinputdemandfunctionsaregivenby:èxéyR{Q}*�dê�ëX}*ìl�(�É�îí8ïð?ñ ï¯ò ÌuìÊDëôó ððwñ ï {�õð?ñ ïè~¯y|{Q}���ê�ëX}*ìl����� í ïðwñ ï¯ò ÌuìÊië ó íSïðwñ ï { õð?ñ ï
They areobtainedfrom theproblemof minimizingcostsubjectto theCobb-Douglasfunction(1).

Thefirst line of (28) is intuitivebecauseÌ!{j� èx and Êi{j� è~ representthemarginalproductivitiesof

laborandcapital.
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Similarly, secondordercondition (24) canbe written in the following intuitive

form: Ú�æ 7 ¶ � « 	����jà b · � Ú 1 7 ¶ � « 	��/�l"$�DàwK ç 	��/�l"EI · , p(� (30)

Equation(29) canthenbeusedto determineintuitively whethermoreor less

output is producedin comparisonto the welfare-maximizingsolution, with or

without private informationconstraints. For example,18 if governmentweighs

consumersurplusmoreheavily thanprofit ( b � � ), marginal benefitof output

in (29) is alwayssuperiorto price; this implies thatoutput � « 	���� will begreater

thanthewelfare-maximizingsolutionwhereinformationconstraintsaretakeninto

account. However, theoutputcanbegreateror lessthanthewelfare-maximizing

solution without constraints. This is illustratedin Figure 1 wheretechnology

is assumedto display increasingreturnsto scale, �&ö is the welfare-maximizing

outputsubjectto informationconstraintsand �&÷ is thewelfaremaximizingoutput

without informationconstraints. In this case,we have � « ��� ÷ andwe seethat� « is necessarilygreaterthan � ö .

18In whatfollows,weassumeø¦��Ã for easeof presentationof thegraphic. Thesameanalysis

canbe performedwith ø�ù�aÃ , but it would adda marginal benefitfunction in the figure,asthe

marginal benefitfunction associatedwith welfare-maximizationwould differ from the demand

curve.
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FIGURE 1

COMPARISON BETWEEN THE DIRECT CONTROL AND WELFARE

MAXIMIZATION FOR A GIVEN � WITH b � �
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Onecanthuseasilyperformcomparativestaticsfor differentweights b using

graphicssuchasFigure1.

3.2 Monotonicity Constraint and Implementation

We now show that the solution developedin the previous sub-sectionsatisfies

monotonicityconstraint(17) underthe fairly generalandusualassumptionthat

the hazardrate � 	*�/� c 	 � @ � 	��&�w� is increasingwith � . We proceedby proving

first that,in conformitywith intuition, thissolutioninsuresthatthehigheris input

productivity, thehigheris output. We thenshow thatsuchoutputmonotonicityis

sufficient for thesatisfactionof (17). Outputmonotonicityallows alsoto imple-

mentthedirectmechanismsolutionby settingup themenuof contractsin terms

of outputratherthanin termsof theproductivity parameter.

Proposition 1 Let h � « 	��s�l"$� « 	*�/�$k be a solution of problem(14)-(16). If the

hazard rateis increasingin � , then
§� « 	����À� � , p(� .
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Proof. We first note that a monotoneincreasinghazardrate implies thatç ² 	*�s� � � , p(� . Second,a solutionof problem(14)-(16)mustsatisfyconditions

(29)and(30). Dif ferentiating(29)yields:§� « 	*�/�X+ Ú 1 � � Ú 1 � K ç �Ú�æ 7 @ Ú 1 7 (31)

The numeratoris negative since

Ú 1 � � � , Ú 1 � � � , and ç � � � . The

denominatoris negative in virtueof thesecond-ordercondition(30).

Corollary 1 Undertheassumptionsof Proposition1, constraint (17) is satisfied.

In otherwords,necessarycondition 	 [�[ � for incentivecompatibilityis satisfied.

Proof. Fromthedefinitionof
q

, wehave:q 	3� « 	����j"$� « 	*�/�?��+Z��V	*� « 	����j"$� « 	��s�l"$�&��+Z��áV	*� « 	����j"$�!àEK ç 	����j"EI��+�� ãã ¢ â ± � I� K ³ ãã ¢ â ç  ãã ¢ â ¶ � « 	*�/� · äã ¢ â (32)

Totally differentiatingwith respectto � , weobtain:§q 	3� « 	����j"$� « 	*�/�?��+ ������ � � âã ¢ â ± � I� K ³ ãã ¢ â ç  ãã ¢ â ¶ � « · äã ¢ â@ ������ � ãã ¢ â ± � I� K ³ ãã ¢ â ç � � ã � âã ¢ â ¶ � « · äã ¢ â ç ²� ����a� � ãã ¢ â ± � I� K ³ ãã ¢ â ç  ãã ¢ â 	*� « � äã ¢ â  
- §� « (33)

which is positive for all � since ç ² 	��/� is negative by assumptionand
§� « 	���� is

positive in virtue of Proposition1.

Thesolutionfoundfor therelaxedproblem(14)-(16)thussatisfiesconstraint

(17). Oncethis solution is found, one is confrontedwith implementingit in

practice:it seemsunrealisticto expectthat thegovernmentwould askthepublic

utility’ s managersto “announcetheir productivity parameter”. Managersshould

ratherhave to commitpublicly on reachinga targetononeof theobservablevari-

ables,suchas profit. In the problemconsideredhere,sinceoutput increases
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monotonicallywith theefficiency parameter� , thedirectmechanismsolutioncan

simply be implementedby askingthemanagerto announcetheoutputlevel that

thefirm promisesto supply, or equivalently, thepriceatwhichoutputwill besold.

Toseethis,let � « betheinversefunctionof � « , i.e. � « is suchthat � « 	3� « 	��/�?�,+� , p(��� ¸ �  "$� %  . Insteadof usingthe direct mechanism,governmentcanask

themanagerto chooseoutputin thefollowing menuof contracts:� �D" C « 	�� « 	*���w�l"$� « 	*� « 	3�/�?��� 7
	 � 7��=� �w�s� � 7��(� � ¢ � ' (34)

Sincethis menusimply translatesthe direct revelationmenuin function of

output, it shouldbe clear that the choiceof the managerwill not be modified:

whenever theproductivity parameteris � , shewill announce� « 	*�/� , i.e. thequan-

tity that correspondsto � in the original menu. This is formally shown in the

following proposition.

Proposition 2 Themenuof contracts(34) implementsthedirectmechanismso-

lution.

Proof. Let g0 « 	 g�D"$���À4 : 	*� « 	 g�/�w�G� « 	 g���X@�I�� « 	 g���X@�KHV	*� « 	 g�/�l"$� « 	 g���j"$���X@C « 	 g��� representtheinformationrentunderthedirectrevelationmechanism.Sup-

posethat the managerfacesmenuof contracts(34) andannouncesoutput g��+� « 	*�/� , where � is the trueparameter. Letting g�É4 � « 	 g�&� andusingthe fact that

thedirectmechanismis incentivecompatible,wehave:g0 « 	*� « 	 g���l"$� « 	*� « 	����w�w�X+ g0 « 	 g�!"$�/� � g0 « 	*�i"$�&��+ g0 « ¶ � « 	3� « 	��/�?�j"$� « 	*� « 	*�/� · �
i.e. announcingg��+]� « 	���� givesto themanageraninformationrentthat is lower

thantheoneassociatedwith � « 	����jf This is in contradictionwith thefactthatthe

managerseeksto maximizeherinformationrent.

It turnsoutthatoutputis theonly observablevariablethatis necessarilymono-

tonewith respectto the productivity parameter. This is becausethat, although

effective labor
q

is increasingwith � , labor usage could decreasefollowing a

productivity improvement.As a result,capitalusage,which is observable,could
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decreaseaswell asincreasewith �Df Similarly, althoughwe canderiveconditions

underwhichprofit is amonotoneincreasingfunctionof � , themonotonicityof the

profit pathcannotbe warrantedin general. It thusseemsthat output(or price)

would be the variablearoundwhich the menuof contractsshouldbe designed.

This is in line with actualpractice,sincepriceis usuallytheinstrumentthatgov-

ernmentsuseto regulatetheirpublicenterprises.19

4 Pricing via a PUC

Thecreationof a PUCis modeledasanallocationof decisionvariablesbetween

two principals,thegovernmentandthePUC. ThePUCis handedcontroloverthe

utility’ sprice(output),which, in theterminologyof Laffont andTirole [7], repre-

sentstheonly externalcontrolvariablein our model. In choosingtheprice, the

PUChasthemandateto give thesameweightsto consumerandproducersurplus

thanthoseformerly given by the governmentunderdirect control.20 However,

the PUC doesnot have to pay any attentionto informationrents,which remain

thegovernment’sprerogatives. It is assumedthatthePUCis dedicatedto fulfill-

ing its mandatefaithfully, i.e. thatit doesnothaveaprivateagendaof its own that

could make it diverge from its statedobjective. The governmentandthe PUC

play a Nashgame,i.e. bothprincipalstake decisionsof theotherasgiven. We

thussearchfor equilibriumvaluesof decisionvariables.

4.1 Government’s Problem

The statedobjective of the governmentis the sameasunderdirect control, i.e.

the governmentstill wants to maximizea weightedsum of consumersurplus,

producersurplusand information rent. However, sinceit relinquishedcontrol

19Governmentsalsoissueserviceor qualitystandardswhile settingprice,but this is beyondthe

scopeof this paperaswehave(implicitly) assumedagivenandhomogeneousqualityof output.
20ComparingresultsbetweendirectcontrolandPUCregulationwill allow us, in thenext sec-

tion, to infer whethergovernmenthasaninterestin modifying theweightswhenit createsaPUC.
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over output,this is equivalentto minimize outputcost, including the net costto

governmentof theinformationrent. Its problemthenbecomes:������   � �G�R¡ Ý � h @ � I&�a	���� � KHV	3�m	*�/�j"E�a	��/�l"$�/� �S�m0 	*�/�G'*k (35)

s.t.
t 0 	*�/�t � +�KL�  
- V	*�i	����j"$�a	*�/�l"$�/� (36)0 	��  ��+Z� (37)§q 	*�i	����j"$� 	����w�À�¨� (38)

We ignorefor the momentconstraint(38) andwill checklater whetherit is

satisfiedor not at equilibriumoncewe have solved thePUCproblem. With ª��
astheHamiltonianfor this problemand � asthecostatevariable,first-ordercon-

ditionsfor aninterior solutionare:21

� ² + @ t ª��t 0 + �m� (39)t ª �t � + ±�@VK � � � @�I ³ � @ � K � � � � +�� (40)� 	*��%#�5+ � (41)

These,of course,representthesameconditionsthanthosefor thecorrespond-

ing variablesin the direct control problem(14)-(16). This meansthat, if the

governmentkeepsthesameweightsin its objectivefunction,giving uptheoutput

decisionto aPUCdoesnotmodify productiveefficiency.

4.2 PUC’s Problem and Equilibrium

Given the capital-laborratio determinedby the government,the mandateof the

PUCis to maximizetheweightedsumof consumerandproducersurplus. Since

21Sincethesecondderivativeof x with respectto ~ is positive, ÙmyR{Q}�~z}��j� , theobjective func-

tion of thegovernment’sproblemis concave in ~ and � . Moreover, thelaborrequirementfunc-

tion in thestateequationis convex in ~ (and � , since x is independentof � ) while thecostate

variable� is negative. As a result,first-orderconditionsaresufficient for amaximum.
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the governmentremainsin charge of managerialincentives, the PUC paysno

attentionto thedistribution of the informationrentbetweenthemanagerandthe

government.ThePUC’s problemis then:������ 7?� �B�R¡ Ý � £ b ¤ 687?� �G�9 : 	<;=�?>/;¾@ : 	*�i	��&�w�B�i	���� ¥ ��� : 	3�m	*���?�B�i	��/�n@�KLV	*�i	��/�l"$�a	��&�j"E�/�G'��
(42)

Let ª�� be the Hamiltonianfunction for this problem. We obtainthe necessary

conditions: t ª �t � + ± b : 	*��� � 	 � @ b ��	 : ² 	*���B� � : 	*���w�n@ KH� � ³ � +�� (43)t v ª �t � v + � 	 � @ b �#	 : ²º² � � : ² � ��b : ² @�KH 7¼7 ' � �¨� (44)

A Nashequilibriumis obtainedwhenconditions(39)-(41)of thegovernment’s

problemandcondition (43)-(44)of the PUC’s problemare satisfiedsimultane-

ously. If suchis thecase,weobtainfrom (43)and(40):: 	*� � 	*�/�?� ± �`� � @ bß 	 : 	*� � 	*�/�?�w� ³ + KH � 	*�/�� � � 	��s� + I ç 	*�/�  
- � � 	��/�� � � 	*�/� (45)

where
� � � 	��/�l"$� � 	*�/� � representsaNashequilibriumand � 	*�s�,4]V	*� � 	����j"$� � 	����j"$��� .

In termsof the marginal benefitandmarginal costfunctionsdefinedabove, this

conditioncanbewritten in thefollowing form:Ú�æ ¶ � � 	��/�là b · + Ú 1 ¶ � � 	����j"$�!àEK�"EI ç 	����  
- · (46)

Similarly, second-ordercondition(44) is translatedin amoreintuitiveform as:Ú�æ 7 ¶ � � 	��/�là b ·_� Ú 1 7 ¶ � � 	*�/�j"E�DàEK_"EI ç 	*�/�  
- · (47)

From(29)and(46), it canbeseenthatthedifferencebetweenthetwo regula-

tory regimescomesfrom theway that inputsarevaluedby government. Under
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directcontrol,thechoiceof outputby governmentwasdeterminedtakinginto ac-

countanimplicit priceof laborof K ç . Here,thePUCdeterminesoutputwith no

considerationof informationrents,i.e. thePUCconsidersthat thepriceof labor

is K . Theonly instrumentin thehandsof government,quantityof capital,must

then be usedto copewith the “externalities”of PUC decisionson information

rent. Sincethe PUC usesK asthe price of labor andsinceaddingoneunit of

capitalwill reducelaborusageby �îc Ú�Û 2 �Ü   unit of labor, thevalueof capitalisK c Ú�Û 2 �Ü   for government. Fromtheequilibriummarginal rateof substitution,

this impliesanimplicit valueof capitalof I ç  
- . This is thepriceof capitalused

for choosingoutputin (47). As a result,relative input pricesarethesameunder

bothregulatoryregimes,but theirabsolutepricesdiffer. As shown in section4.4,

this will haveanimpacton thechoiceof output.

4.3 Monotonicity Constraint

The fact thatgovernmentdoesnot directly control outputalsohasan impacton

the possibility of satisfyingthe monotonicityconstraint. Underdirect control,

governmentcouldrestraininformationrentby restrainingoutput,sincelowerout-

put requireslesslabor for givencapitalandproductivity parameter. The higher

was the productivity parameter, however, the lesserwas the role of outputasa

rent restrictiondevice sincethecostof 1 dollar of rent concededat event � , that

is � 	 � @ � 	��&�w� , decreaseswith � . Combinedwith the fact that outputwasless

costly to produce,this led to an increaseof production.22 As governmentdoes

not directly controloutputunderPUCregulation,containmentof theinformation

rentmustbemadethroughthechoiceof capital. Sincetheneedfor rentreduction

is reducedas � increases,it is possiblethatcapitalsuppliedto thefirm is reduced

with increasesof � . Thiscanhave theperverseeffectof having outputreductions

with increasesof theproductivity parameter. Suchoutputreductioncanin turn

provokeaviolation of themonotonicityconstraint(17).

22Thiscanbeseenfrom equation(31).
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To formalizethis idea,we totally differentiateequation(46)andobtain:§� � + Ú 1 � @ Ú 1�� I ç  !v ç �Ú�æ 7 @ Ú 1 7 (48)

where

Ú 1 � � � and

Ú 1�� � � , p�	*�!"$�/� andwhereit is assumedthatnecessary

condition

Ú�æ 7 @ Ú 1 7 � � is satisfiedandthat ç ² � � . Thefirst termof theRHS,
Ú 1 � c 	 Ú�æ 7 @ Ú 1 7 � , is aproductivity effect: higherinput productivity reduces

costandfavorsanincreaseof production. Thesecondtermis aninformationrent

effect: the decreaseof the informationterm ( ç ² ) reducesthe valueof a unit of

capital,or equivalently, increasesits price ( I ç  
- ). This tendsto reduceoutput.

The sign of
§� � 	*�/� is thusindeterminate. Intervals of � s over which the hazard

rateincreasessteeply, sothattheinformationterm ç decreasesrapidly, couldwell

displayoutputreductionwith productivity improvement.

An outputreductionwith productivity doesnotviolateany constraintassuch.

However, it could leadto a reductionin effective labor
q

, i.e. to a violation of

(38), ascanbe seenfrom (33). Then,the Nashequilibrium (39)-(41)and(43)

would not beincentivecompatibleandwould have to bemodifiedover rangesof

productivity parametersfor which
q

is decreasing.For thispurpose,wefirst note

thatwhenever
q

is decreasing,bothoutputandcapitalarealsodecreasing.

Lemma 3 If ç ² 	���� � � (increasinghazard rate),and
§q 	3� � 	��/�l"$� � 	��/�?� � � , then§� � 	��/� � � and

§� � 	*�/� � �
Proof. Thefact that

§� � 	��/� � � canbedirectly seenfrom (33). Now, writing§q
in termsof capitalinsteadof output,onegets:23§q 	*� � 	*�/�j"E� � 	*�/�w�X+ §� ��� � I� K�� ç  
- � ��� � I� K�� ç  
- @a� ��� � I� K�� ç  !v ç ² (49)

Sincethelast two termsarepositive,
§q

canbenegativeonly if
§� is negative.

Now, consideraninterval ¸! � - "" � v  for which constraint
§q 	*� � 	*�/�l"$� � 	*�/�w�V���

in government’s problemis not satisfied. Thenthe solutionhasto be adjusted

23To write � in termsof capitalonly, wesubstitute~$# to {%# by takingtheinverseof thecapital

demandfunctionwith respectto output. We thentotally differentiatewith respectto � to get &� .
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so that
q

becomesconstantover an interval � � - "$� v ' where � - �  � - �  � v � � v .
Let h �(' � 	*�/�l"$�)' � 	*�/�lk besucha solution,so that

q 	3�*' � 	����j"$�)' � 	��/�?�L+  q over� � - "$� v ' . It is shown in AppendixC thatit mustsatisfy:6 � �� ä ±3KH�/ 
-  q @ I �� � ' � �S� 	 � @ � �� KL�u !v  q ³ > � +�� (50)

Then,from (43),wegetanimplicit conditionfor output �(' � ,Ú�æ 	*� ' � 	*�s�jà b ��+ KH�u 
-+ q� � ' � 	��s� (51)

and � ' � 	*�/� mustbechosenin orderto meetthis output,i.e. mustbesuchthat:q 	*� ' � 	*�/�l"$� ' � 	*�/�w�,+  q (52)

Note that labor usagewill decreaseover this interval becauseof higherpro-

ductivity:  ' � 	*�/�z+ �  
-, q . Since
§q + � , it is alsoclearfrom (49) that capital

decreasesover this interval. Similarly, we get from (33) thatoutputis decreas-

ing.24

To summarize,anincentiveNashequilibriumis givenby conditions(39)-(41)

and (43) whenever
§q � � andby conditions(50)-(52) for interval of constant

effective labor.

4.4 Comparisons with Direct Government Control

In orderto comparesolutionsof bothregulatoryregimes,wewill first concentrate

on the h � � 	*�/�l"$� � 	*�/�lk pathandcheckthereafterhow resultsareaffectedwhen

the constraint
§q � � is binding. In the following propositions,we assumethat

themarginal costfunction

Ú 1
alwayscrossesthemarginalbenefitfunction

Ú�æ
from below for all 	3�D"$��� . This is aslightreinforcementof second-ordernecessary

conditions(30) and(47),which only requiresthat

Ú�æ 7 � Ú 1 7 besatisfiedin a

neighborhoodof thesolutionpoint. We assumethat theconditionwould bemet

whatever is thesolutionto allow for comparativestatics.

24If the initial solution -E{%# y � �G}�~$#(y|� ��. allows for several segmentsof declining � , this so-

called“ironing” procedurewould haveto berepeatedfor eachof thesesegments.
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Proposition 3 If

Ú�æ 7 � Ú 1 7 , p�	3�D"E�/� , then � � 	*�/�À��� « 	��/� , p(� .
Proof. Since K ç 	����M� K and I ç 	����  
- � I , we have

Ú 1 	*�!"$�iàEK ç "wI/�M�Ú 1 	3�D"E�iàEK�"wI ç  
-?� , p�	3�D"$��� . We proceedby contradiction. Suppose� � 	*�/� �� « 	*�/� . Then,Ú�æ 	3� � à b �n@ Ú 1 	3� � "$�DàwK�"EI ç  
- �F� Ú�æ 	3� � à b �n@ Ú 1 	3� � "$�DàwK ç "EI/�� Ú�æ 	*� « à b �n@ Ú 1 	*� « "$�DàwK ç "EI/�,+Z�
But this is in contradictionwith optimalpricing condition(46) of thePUCprob-

lem.

Turningto input usage,thefact that themarginal ratesof substitutionarethe

sameunderbothregulatoryregimesimply thatbothregimesusethesameexpan-

sionpath. As a result,theregimewho providesmoreoutputalsoemploys more

of bothinputs.

Corollary 2 If

Ú�æ 7 � Ú 1 7 , p�	*�!"$��� , then  � 	����Z�  « 	��/� and � � 	*�s�Z�� « 	��/� , p(� .
Proof. This follows from thefactthatbothregulatoryregimesproduceon the

sameexpansionpathand,from Proposition3, that � � 	����F��� « 	*�/� , p(�!f
Wenow show thatProposition3 extendsto thecaseswhere,underPUCregu-

lation,themonotonicityconstraintis bindingoverintervalsof productivity param-

eters. Thisresultfollowsfrom thefactthat,with anincreasinghazardrate,output

alwaysincreaseswith � underdirectgovernmentalcontrol,while it decreaseswith� whenthemonotonicityconstraintis bindingunderPUCregulation.

Proposition 4 Let � - and � v besuch that �*' � 	�� - �H+ � � 	�� - � , �*' � 	�� v �H+ � � 	�� v �
and

§q 	*� ' � 	*�/�l"$� ' � 	*�/�?�o+]�i"Fp(���S	�� - "$� v � . Assumethat

Ú�æ 7 � Ú 1 7 , p�	*�!"$���
and that the hazard rate is increasingfor all � . Then � ' � 	����Ø� � « 	*�/� , p(�/�� � - "$� v ' .

Proof. By Proposition3, � « 	*� v �M� � � 	�� v ��+ � ' � 	�� v � . Since,underan

increasinghazardrate,
§� « 	*�/�µ� � , p(� and

§� ' � 	��/� � �Öp(�0� 	*� - � � v � , it follows

that � « 	*�/�o���(' � 	*�/� , p(�1� � � - � � v ' .
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Thenext propositionsimply combinestheprecedingresultson casesof non-

binding and binding monotonicityconstraintin order to comparethe complete

outputpathsof thetwo regulatoryregimes.

Proposition 5 Assumethat

Ú�æ 7 � Ú 1 7 , p�	*�!"$�/� and that the hazard rate is

monotoneincreasingfor all � . Then�*' � 	����F��� « 	*�/� , p(� .
Proof. This follows from the combinationof Propositions3 and 4, using

Proposition3whenever � ' � 	�����+¨� � 	���� andProposition4whenever
§q 	3� ' � 	����j"$� ' � 	��/�?�X+� .

However, Corollary2 remainstrueonly for laborusage.Resultsoncapitalare

not maintainedbecauseregulatoryregimesdo not operateon thesameexpansion

pathwhenthemonotoncityconstraintis binding.

Corollary 3 Assumethat

Ú�æ 7 � Ú 1 7 , p�	*�!"$�/� andthatthehazard rateis mono-

toneincreasingfor all � . Then  ' � 	*�/�À�¨ « 	���� , p(� .
Proof. Whenever � ' � 	*�/�F+ � � 	��/� , theresultfollows directly from Corollary

2. Considernow aninterval � � - "E� v ' for which
§q 	*� ' � 	*�/�j"E� ' � 	*�/�w��+]� . By def-

inition of
q

andin virtue of Corollary2,
q 	*� ' � 	�� v �l"$� ' � 	�� v �?�H+ � v  ' � 	*� v �_�� v  « 	�� v �X+ q 	3� « 	�� v �j"$� « 	*� v �?� . Since
§q 	*� ' � 	��s�l"$� ' � 	*�/�?��+Z� and

§q 	3� « 	*�/�l"$� « 	����w�À�� , p(�1� � � - � � v ' , it follows that ' � 	��s�,+��u 
- q 	*� ' � 	*�/�j"E� ' � 	����w�À�¨�u 
- q 	*� « 	*�/�j"E� « 	����w�,+� « 	*�/�j" p(��� � � - � � v '
Becausewe are not able to derive similar resultsfor the capital paths,we

cannotinfer generalresultson whetherexpectedcostsof productionis higher

or lower underoneregulatoryregimecomparedto theother. Consequently, we

cannotcompareboth regimesin termsof profit. The difficulty ariseswhenthe

monotonicityconstraintis binding; otherwise,the resultson labor pathswould

carryovercapitalpaths,aswasshown in Corollary2. However, intervalsof bind-

ing monotonicityconstraintsalsobring implementationproblems,aswe discuss
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in thenext sub-section. Tackling theseimplementationissues,aswe do in sec-

tions4.5and4.6,will turn out to allow meaningfulcomparisonsbetweencapital

pathsandasa result,betweenvaluesof thegovernment’sobjective function.

4.5 Implementation

BecauseanincentivecompatibleNashequilibriumdoesnotwarrantmonotonicity

of eithertheoutputpath
� � ' � 	���� � or thecapitalusagepath

� � ' � 	���� � , neither

of thesevariablescanbeusedto implementthedirectmechanismoutcome. The

only variablethatcanbeusedis theinformationrentof themanager. In principle

then, the menuof contractscould be designedin termsof the informationrent,

i.e. themanagercouldbeaskedto announceherinformationrent. This couldbe

consideredasanagreementontheperformance-basedbonusgivento themanager.

Themenuwould thenbe h �m	 0 ' � 	*�/�?�j" C 	 0 ' � 	��s�?�j"$�a	 0 ' � 	��s�?�lkuf
However, thesolutioncouldbepolitically difficult to implementfor two rea-

sons. First, it seemsodd to have a regulatoryagency focusinghearingson the

determinationof theoverall compensationof managers,especiallywheninternal

control is consideredtheprerogativeof government. Second,theresultingmenu

could allow for outputreductionswith productivity improvements. This would

typically encounterpolitical resistanceand it is dubiousthat the governmentor

thePUCcouldmake a crediblecommitmentto sucha solution:onceit is known

that the utility operatesundera relatively high productivity parameter, the PUC

wouldcertainlybepressuredby consumergroupsto keeptheoutputpriceat least

aslow aswhentheproductivity parameteris low. In otherwords,it appearsun-

acceptableto sustaina situationwhereconsumersturn out to losefrom thefirm’s

productivity improvements.

For thesereasons,the next sectionanalyzesa solutionwhereoutput is con-

strainedto increasewith the productivity parameter. This is sufficient (but not

necessary)to meetconstraint(38). Forcingtheoutputfunction to bemonotonic

will alsoallow thePUCto write themenuof contractsin termsof output,or price,

which seemsmorerealisticthanusingmanager’s compensation.
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4.6 Constraint on Output Monotonicity

Thetechniqueusedto solve thePUCproblemwith anoutputmonotonicitycon-

straint
§�D	��/�¦�Ç� is thesameastheonepresentedfor thelabormonotonicitycon-

straintin theprecedingsectionandin AppendixC. AppendixD presentsdetailed

calculations. It is shown that for an interval � � - "$� v ' over which theconstraintis

binding(sothat �i	����,+  � , p(�2� � � - "$� v ' ), thefirst orderconditionreadsas:Ú�æ 	  �ià b � � � 	*� v �n@ � 	�� - �G'=+ K�  � 6 � �� ä V	  �!"$�a	����j"$���?> � (53)

Satisfyingsimultaneously(39)-(41)and(53),aNashequilibrium 	  �*3 � "$�)3 � 	*�/�?�
over this interval is suchthat:Ú�æ 	  � 3 � à b � � � 	*� v �n@ � 	�� - �G'=+ Ý � Ú 1 	  � 3 � "$�DàEK_"EI ç  
-�	*�/�?� (54)

Overintervalsfor whichoutputis increasing,wesimplyhave 	*�(3 � 	*�/�l"$�)3 � 	*�/�w�,+	*� � 	����j"$� � 	��/�w� . We canthenrestateProposition5 for thecasewhereanoutput

monotonicityconstraintis imposed.

Proposition 6 Assumethat

Ú�æ 7 � Ú 1 7 , p�	*�!"$�/� , and that the hazard rate in

increasingfor all � . Then � 3 � 	*�/�o�¨� « 	���� , p(� .
Proof. If � is suchthat

§� 3 � 	*�/�É�½� , � 3 � 	��/��+ � � 	��/� andthe result is ob-

tainedfrom Proposition3. Considernow aninterval � � - "$� v ' suchthat � 3 � 	*� - �X+� � 	�� - �H+ �(3 � 	*� v �H+ � � 	*� v � and
§�(3 � 	����H+ � , p(����	*� - "E� v � . By Proposition3,� « 	*� v �F��� � 	*� v �`+��*3 � 	�� v � . Since,underanincreasinghazardrate,

§� « 	*�/�F�Z� ,p(� and
§�(3 � 	����,+��ôp(�1�a	*� - � � v � , it follows that � « 	����F���(3 � 	*�/� , p(��� � � - � � v ' .

Contraryto the casewherethe monotonicityconstraintis imposedon effec-

tive labor, first-orderconditions(39)-(41)remainunchangedwhetherthe output

monotonicityconstraintis bindingor not. As aresult,themarginal rateof substi-

tutionunderPUCregulationwill bethesameasunderdirectgovernmentcontrol,

whatever is theproductivity parameter. This featureallows usto obtainstronger

resultson capitalpaths,andconsequently, on profit.
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Corollary 4 Assumethat

Ú�æ 7 � Ú 1 7 , p�	*�!"$�/� , and that thehazard rate is in-

creasingfor all � . Then  3 � 	����o�¨ « 	*�/� and � 3 � 	����o�¨� « 	���� , p(� .
Proof. This follows from thefactthatbothregulatoryregimesproduceon the

sameexpansionpathand,from Proposition6, that �*3 � 	��/�o��� « 	*�/� , p(� .
Sinceinformation rentsare directly relatedto labor usage,it follows from

Corollary 4 that they arehigherwith PUC regulation thanunderdirect control.

Togetherwith thefactthatmoreof bothinputsareused,this meansthatexpected

costof productionis higherwith thepresenceof aPUC. If demandis elastic,profit

will belower only if thegainof revenueis lessthanthecostincrease.However,

if governmentgivesmoreweightto consumersurplusthanto profit (i.e. if b � � ),
it is possiblethat the productiontakesplacein the inelasticportion of demand.

In sucha case,profit would unambiguouslydecrease.This is shown in thenext

proposition.

Proposition 7 If

Ú�æ 7 � Ú 1 7 , p�	3�D"E�/� , ç ² 	���� � �i"jp(� , b � � , and ß 	 : 	*���w�À��@ � ,p=�1� ¸ � « 	*�/�j"w�*3 � 	��s�  , thenC 3 � 	����F� C « 	���� , where C 3 � 	��/� and C « 	*�/� areprofits

underregulationbya PUCandunderdirectcontrol, respectively.

Proof. Undertheassumptionthatdemandis inelasticovertherange� � « "E�(3 � ' ,
a decreasein pricebringsadecreasein revenue. We thushave: 	*� 3 � 	*�/�?�B� 3 � 	����À� : 	*� « 	����w�G� « 	��s� (55)

FromCorollary4 andincentivecompatibilityconstraintsof problems(14)and

(35),wehave:0 3 � 	��/�,+ 6 ��w� K¦;  
-  3 � 	3;=�?>/;)� 6 ��w� K¦;  
-  « 	<;=�?>/;�+ 0 « 	*�/� (56)

where 0 3 � and 0 « are the manager’s informationrentsunderPUC regulation

anddirectgovernmentcontrol,respectively. Then,(4), (55),Corollary4 and(56)

yield C 3 � 	*�/�o� C « 	*�s� , p(� .
In general,the relative performanceof both regimesaredriven only by the

fact that thegovernmentandthePUChave differentperceptionsof theabsolute
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pricesof laborandcapital. Underdirectcontrol,governmentconsidersimplicitly

that thepricesof laborandcapitalare K ç 	��/� and I , respectively, while thePUC

ratherusesK and I ç 	*�/�  
- . Relative pricesbeingthesame,this doesnot impact

on productive efficiency. Thehigh implicit laborpriceof directcontrol tendsto

decreaseoutput,25 while thelow implicit capitalpriceof PUCregulationtendsto

increaseit.

5 Choice of Regulatory Regime by Government

In theprevioussection,comparisonsof regulatoryregimesweremadeunderthe

assumptionthat theweightsgiven to consumersurplusandprofit in thegovern-

ment’s objective function were the sameunderboth regimes. Under suchan

assumption,it is clearthatthegovernmentprefersdirectcontroloverPUCregula-

tion: with directcontrol,it canmaximizeits objective functionusingall decision

variables,while it losescontrol over output underPUC regulation. PUC reg-

ulation shouldthusbe observed only if the governmentcannotfreely pursueits

objective.

Governmentscanberestrainedin theregulationof agiveneconomicsectorei-

therby thecountry’sconstitution,by nationallawsgoverningeconomicactivities

in general,or by bilateralandmultilateraltradeagreements.Tradeagreements,

in particular, have limited significantlythepower of governmentsto intervenein

marketsfor the last10 or 15 years. In our model,suchexternalconstraintscan

be interpretedas an obligation for governmentto explicitly or implicitly put a

weighton consumersurplusthatdiffersfrom theonethatit would chooseto use,

i.e. to adoptanobjective functionthatdoesnot representits truepreferences.In

thissection,weillustratetwo caseswherethecreationof thePUCis susceptibleto

follow from externalpressure,suchastradeagreements,ongovernment.Wethen

illustratethemodelwith theregulatoryreformof electricitymarketsin Quebec.

25Whetheroutputis too high or too low comparedto first bestsolutionalsodepends,however,

on themarginalbenefitfunction.
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5.1 PUC as a Constraint on Government

As thePUCtendsto increasetheproductionof the industry, its creationcanin-

creasewelfare in the casewherethe governmentputsa weight b on consumer

surpluswhich is lower than �dc 	 �V��\ � . This would be thecasewherethe gov-

ernmentwantsto usetheprotectedsectorof its public enterpriseto financeother

governmentalactivities or competitive activities of thesameenterprise.26 If ex-

ternalpressurecannotimposeanobjectivefunctionto government,it canthenask

for the creationof an independentregulatorybody, suchasthe PUC. Alterna-

tively, if governmentcannotcrediblycommit to increaseits weighton consumer

surpluswhile holding control of the public enterprise,creationof the PUC can

signalsuchacommitment.

Figure2 illustrates27 this point. If governmentis freeto chooseits objective

function,it putsa weightequalto b on consumersurplusandoptsfor directcon-

trol. Governmentpreferredoutputis then � « 	��!à b � . With the sameinformation

constraints,however, welfare-maximizingoutput is � « 	��Dàî	 �z��\ �  
- � . A PUC

wouldoperateasif marginal costwasgivenby the

Ú 1 � curveandoutputwould

be � � 	*�Dà b � . If, asshown in the figure, � � 	*�Dà b � � � « 	*�D"d	 �L��\ �  
- � andif the

welfarefunctionis strictly concave,welfarewouldunambiguouslyincrease.This

is a casewhereexternalpressurewould prefer regulationby a PUC thandirect

controlfor thisprecisevalueof � .

26For example,provincial governmentsin Canadaown public monopoliesin alcoholdistribu-

tions. Someof thesepublic enterpriseshavebeenaccusedof subsidizingits activities in compet-

itive sectorsof the industry, suchaswine bottling, with the surplusesgeneratedin the protected

distributionsector.
27For easeof presentation,in thisfigure,marginalcostcurvesarelabeledin thefollowing way:4)5 Ð76 4)5 y|{Q}*�&ê*ë98i}�ìl� and

4)5 #:6 4)5 yR{Q}*�d}�ëX}*ì;8 í=< �
31



FIGURE 2

DIRECT CONTROL VS. PUC WITH ���a� � � AND b � 	 �`�8\ �  
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However, regulationby aPUCcould“overshoot”thewelfare-maximizingtar-

getby having � � 	*�D" b � ��� « 	��D"î	 �F�¨\ �  
- � , in which caseit is not clearwhether

welfare is greaterunderregulationby a PUC or not. This overshootingis the

likeliest the closeris b to 	 �z�Ç\ �  
- . This is intuitive: the closeraregovern-

ment’spreferencesto welfaremaximization,thelesslikely thedistortionscreated

by the PUC are beneficial. Overall, regulation by a PUC shouldbe preferred

when Ý � ¸ b 1_2 	*� � 	*�Dà b �?� � C 	3� � 	��Dà b �?�  � Ý � ¸ b 1�2 	*� « 	*�Dà b �?� � C 	3� � 	��ià b �w� 
5.2 PUC as an Instrument for Softening Constraints

Wenow illustratethecasewherethegovernmentinitially valuesconsumersurplus

with aweight b � � . In suchacase,theprotectedsectoris subsidizedunderdirect

controlasthepriceis lowerthanmarginalcost. Weassumethatexternalpressure

is ableto requiregovernmentto keepits weightonconsumers’surplusequalto or
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lessthan1,28 but that it cannotimposetheregulatoryframework. To insurethat

theobjective functionof thegovernmentis strictly concave, we alsoassumethat

theenterpriseexperiencesdecreasingreturnsto scale. Thesameresultsholdwith

increasingreturnsto scalewith thecaveatthatonehasto checkwhether“moving”

from oneoutputlevel towardsthegovernment’spreferredoutputreally increases

government’s objective function: this is not alwaysthecasebecausethefunction

is notnecessarilyeverywhereconcave.

In Figure3 below, if governmentis freeto chooseits objectivefunction,it puts

a weight b � � , which correspondsto its preferences,andoptsfor directcontrol.

For agivenvalueof � , this leadsto output � « 	��!à b � , its preferredsolution. Forcing

thegovernmentto changetheweightonconsumers’surplusto b + � is equivalent

to force it to considerthe inversedemandcurve as its marginal benefitcurve.

Underdirect control, governmentwould thenchooseto decreaseproductionto� « 	*�Dà � � . If it choosesto switchto PUCregulation,theenterprisewouldproduce� � 	��Dà � �À��� « 	*�Dà � � . If, asin thefigure, � � 	��!à � � � � « 	��!à b � , governmentprefers

PUCregulationfor thisparticular� sincetheobjectivefunctionis strictly concave

andPUCregulationallows to get “closer” to thepreferredoutput. If � � 	��!à � �L�� « 	*�Dà b � , it is not clear which regulatory regime would be preferredfor this � ,
sinceoneof themleadsto overproductioncomparedto thegovernment’spreferred

solution,while theotherleadsto underproduction.

28Tradeagreementsgenerallyincludeprovisionsfor precludingoutrightsubsidizationof indus-

tries.
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FIGURE 3

DIRECT CONTROL VS. PUC WITH ��������� AND b � �
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Governmentwould thenchoosePUCregulationif it is advantageouson aver-

age,i.e. if Ý � ¸ b 1�2 	3� � 	��Dà � �w� � C 	*� � 	*�Dà � �w�  � Ý � ¸ b 1_2 	3� « 	��Dà � �w� � C 	*� « 	*�Dà � �?�  .
This dependson theactualparametersof theproblem. However, it is clearthat

thehigheris b , i.e. the“f artherapart” is themarginal benefitcurve from thede-

mandcurve, the morelikely is PUC regulationasa way to circumvent external

constraints.

5.3 Illustration: Electricity Markets in Quebec

In December1996, the provincial governmentof Quebecadopteda law creat-

ing a public utility commissionwhich receivedthemandate,amongotherthings,

to regulateelectricity ratesin Quebec. Most of electricity usedin Quebecis

producedby a publicly-ownedutility, Hydro-Quebec.However, to help Hydro-

Quebecgeta licenceto participatein theUS competitivewholesalemarkets,the
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Governmentof Quebechasopenedaccessto the utility’ s transmissiongrid for

transborderwholesaletransactions.Hydro-Quebecalsointroducedseparateac-

countingfor generation,transmissionanddistributionanddelegatedmanagement

of its transmissionassetsto a division, whoseactivities aredeemedindependent

from the restof the corporation. This division is legally forbiddento practice

pricediscrimination,in thesensethat it mustcharge thesameunit price29 for all

transmissionservices,regardlessof the specificuser. Hydro-Quebecmaintains

its monopolyin distributionandin domesticwholesalesupply. However, govern-

mentdelegatedpricing authorityto thePUCfor theseprotectedsectors30 aswell

asfor thetransmissionnetwork.

Beforethis regulatoryreform,therewasno independentregulatoryoverview

of Hydro-Quebecandratesweredirectlyapprovedby thegovernmentafterapub-

lic examinationby acommissionof thepublic legislature. Combinedwith access

to hydro resources,this regulatory framework hasmadeHydro-Quebec’s rates

amongthelowestin theworld. Accordingly, ratesof returnon equityhave been

dismal:from 1989to 1995thenominalratesof returnrangedfrom 3.3percentto

8.4 percent,ratesthatareroughlyequalto treasurybill ratesof return. In fact,

Quebechasthecapacityto keeplow electricity rateswithout having accounting

deficits: this is because95% of electricenergy is producedfrom hydraulic re-

sourcesand productionsiteshave beendevelopedin ascendingorder of costs.

Throughownershipof Hydro-Quebec,the governmentcould thusenjoy an im-

portantRicardianrent,but hasalwaysdissipatedit throughelectricityratesbelow

marginal cost. Bernardand Chatel [2] have estimatedthat the applicationof

marginal costpricing insteadof the observed price,approximatelybasedon av-

eragecost,would have increasedsocialwelfareby C$270to C$530million per

year, in constant1980Canadiandollars. BernardandRoland[3] haveshown that

this propensityto dissipaterentis consistentwith a majority-ruleequilibrium.

29Thispriceis to besetby thePUC.
30This is to becontrastedwith Francewhich,asaway to complywith anEU directiveon third-

party accessto transmissionnetwork, hadannouncedthe creationof a PUC which will regulate

only thepriceof transmission.Distribution pricesfor protectedserviceswill continueto bepart

of a serviceagreementbetweenthepublicly-ownedutility andthegovernment.
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Suchpricing policy and its ensuingwelfare lossshows that the government

did not maximizewelfareandratherpreferredto favor the electricity customers

at the expenseof thepublic utility profit. In termsof our model,this hintsat a

relatively high weight b in the government’s objective function. However, one

canwonderwhy sucha politically popularpolicy hasnot beenmaintained. In

fact, in spiteof theworldwidetrendof electricitymarket restructuring,therewas

no internalpressurefor reform. The government’s motivationwasratherto in-

surethatHydro-QuebecmetUS regulators’criteriato beaneligible selleron US

wholesalemarkets,while minimizing the impacton the domesticmarket. This

wasshown, in particularby effortsmadeby thegovernmentto convincedomestic

consumersthatpriceswouldbemaintainedlow in Quebec31 andthattherewasno

planfor privatizingHydro-Quebecin wholeor in part.

Nevertheless,US regulatorsrequiredonly warrantiesfor non-discriminatory

accessto Quebec’s transmissionnetwork. Therewasthenno formal obligation

to createthe PUC. Furthermore,if the aim of creatingthe PUC were strictly

to signalnon-interventionin transmissionpricing, themandateof thePUCcould

havebeenlimited to thetransmissionsegmentof themarket. Asexperienceshows

thatgovernmentof Quebecputsa weightgreaterthan � on consumersurplusand

sincetheQuebechydro-electricsystemoperatesunderdecreasingreturnsto scale,

it seemsthat Figure3 would apply to Quebecelectricity markets. This would

suggestthat thePUCwascreatedin orderto maintainthe lowestpricespossible

in domesticmarkets.

6 Conclusion

Whenthepresenceof thePUCdoesnotimproveinformationto government,split-

ting decisionvariablesbetweentwo principalsincreasesthe costof limiting the

informationrent to thefirm’s manager. As a result,the informationrentwill be

31While thegovernmentdelegatedpriceauthorityto thePUC,boththegovernmentandHydro-

Québecmadethecommitmentto freezeratesfor a periodof 4 years,i.e. to refrain from asking

thePUCto increaseratesover theperiod.

36



allowedto begreaterwith a PUCthanunderdirectcontroland,sincethis infor-

mationrent is positively correlatedto output,this will alsoleadto anincreaseof

output. Thereis thusaninherentinefficiency in PUCregulation,andthegovern-

mentwouldnever resortto it if its objectivewereto maximizewelfare.

However, this tendency of PUCregulationto increaseoutputcouldprove at-

tractive whenthegovernment’s objective differs from welfaremaximizationand

whenthe governmentis not entirely free of its choicesfor any reasons,suchas

constitutionalrestrictionsor tradeagreements. We usedtwo casesto illustrate

this point. First, if the government’s objective is suchthatoutputis lower than

the welfare-maximizingone,creationof a PUC could be externally imposedon

the governmentin order to rectify its bias for low output. On the contrary, if

the governmentprefersan higher output than the welfare-maximizingone, the

creationof thePUCcouldbeusedto softenconstraintsthatwould beexternally

imposed.

A numberof extensionsshouldbe brought to our analysis. First, as Pint

(1991)alreadymadecomparisonsbetweenadirectlycontrolledpublicmonopoly

andaregulatedprivatemonopoly, thereremainsthetaskof comparingaregulated

public monopolywith a privateone. Fromthe resultsof Pint, it canalreadybe

inferredthat,underregulationby a PUC,a public enterprisewould differ from a

privateonenot only with respectto allocative efficiency, but also in productive

efficiency.

Second,in line with mostof theprincipal-agentliterature,it wouldbeinterest-

ing to considerthatthePUC(i) improvestheinformationavailableto government,

but (ii) hasinterestsof its own thatdiffer from thoseof thegovernment. Conse-

quently, thePUCwould try to benefitfrom the informationit gathersandwould

be ableto extract an informationrent in the sameway the managerdoes. This

could eventually result in coalition betweenthe PUC and the utility. Suchan

extensioncouldpossiblydraw on thework of Laffont andTirole [6].

37



Appendices

A Proof of Lemma 132

Letting 0 	*�/�,4 g0 	*�D"$��� , wegetfrom (8):g0 	 g�D"E�/�X+ 0 	 g�/� � K � V	3�m	 g�/�j"E�a	 g�/�l" g�/�n@aV	3�m	 g�/�j"E�a	 g�/�l"$�/� � (57)

Incentive compatibility meansthat the managerhasan interestin truthfully

reportingtheparameter� . This canbe trueonly if theutility of themanageris

greaterwhensheis honestthanwhenshelies. From (57) and(2), this implies

that0 	*�/�À� g0 	 g�!"$�/�,+ 0 	 g��� � K � g�  
- �i	 g��� -�. �/�a	 g�/�  � . �z@��u 
-B�i	 g��� -�. ���a	 g�s�  � . � �
(58)

Reversingtherolesof � and g� in (58),weobtain:0 	 g�/�À� g0 	��!" g�/�,+ 0 	���� � K � �  
- �i	���� -�. �/�a	��/�  � . �z@ g�  
- �i	���� -�. ���a	��s�  � . � �
(59)

Combining(58)and(59)yields:K � g�  
- �m	 g�/� -�. �s�a	 g���n@a�  
- �i	 g��� -�. �/�a	 g�/�  � . � �� 0 	����n@ 0 	 g���� K � g�  
- �m	*�/� -�. �s�a	����  � . �z@��u 
-G�m	*�/� -�. �s�a	����  � . � � (60)

Dividing by g�H@a� andtakingthelimit as g�_� � weget:@ t 0 	*�/�t � + @VKH�s !v$�m	*�/� -�. �/�a	*�/�  � . �_+Ç@¦KL�u 
-?V	*�i	����j"$�a	*�/�j"E�/� (61)

32AppendicesA andB arebaseduponPint[10].
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B Proof of Lemma 2

(Necessity)From(60)K�	 g�  
- @a�  
- � q 	*�i	 g�&�j"$�a	 g�/�?�F��K�	 g�  
- @Ó�  
- � q 	*�i	��&�j"$�a	*�/�?� (62)

which reducesto q 	3�m	 g�/�l"$�a	 g�&�w�À� q 	3�m	*�/�l"$�a	����w� for g�Â�¨� (63)

which is equivalentto condition 	 [�[ �jf
Now, dividing all termsin (60) by g�¯@Z� andtaking the limit as g��� � we

obtain: t 0 	*�/�t � +�KL�u !v q 	*�i	��&�j"$�a	*�/�?� (64)

Integratingyields 0 	�����+ 0 	��s =� � 6 �� � K¦;  !v q 	*�i	3;=�l"$�a	3;=�?� (65)

which is condition 	 [ �
(Sufficiency) Let g�¯�¨� . From(8) andthedefinitionof

q
:g0 	 g�D"E�/�5+ 0 	 g�/� � K�� V	3�m	 g�s�j"$�a	 g���l" g�/�n@aV	3�m	 g�/�j"E�a	 g�/�l"$�/��� (66)+ 0 	 g�/� � KÂ	 g�  
- @a�  
- � q 	*�i	 g���j"$�a	 g�/�?� (67)

Substitutingfor 0 	 g�/� from condition 	 [ �g0 	 g�!"$�/�X+ 0 	��  � � Kr6A@��w� ;  !v q 	3�m	<;=�j"$�a	<;=�w�?>/; � K�	 g�  
- @��  
- � q 	*�i	 g�&�j"$�a	 g�/�w�
(68)
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Substitutingfor 0 	*�u =� from condition 	 [ �g0 	 g�D"E�/�5+ 0 	*�/�n@ÓK 6 �� � ;  !v q 	3�m	<;=�j"$�a	<;=�w�?>/;� K 6 @�� � ;  !v q 	*�i	3;=�l"$�a	3;=�?�?>/; � KÂ	 g�  
- @a�u 
-?� q 	3�m	 g�/�j"E�a	 g�&�w�+ 0 	*�/�n@ÓK 6 �@� ;  !v q 	*�i	3;=�l"$�a	3;=�?�?>/; � KÂ	 g�  
- @��  
- � q 	*�i	 g�&�j"E�a	 g�/�?�+ 0 	*�/�n@ÓKr6 �@� ;  !v q 	*�i	3;=�l"$�a	3;=�?�?>/; � Kr6 �@� ;  !v q 	3�m	 g���l"$�a	 g���w�?>/;+ 0 	*�/� � K 6 �@� ;  !v � q 	3�m	 g�/�l"$�a	 g���w�n@ q 	3�m	<;=�j"$�a	<;=�w� � >/; (69)

Undercondition 	 [�[ � , this lastintegral is negativesothat g0 	 g�D"$��� �¨0 	���� .
C Binding Labor Monotonicity Constraint

In this Appendix, we explicitly take into accountconstraint(38) while solving

problem(35). As thesolutionover intervalsof � for which theconstraintis not

bindingis explicitly derivedin themaintext, wefocushereon intervalsfor which

theconstraintis binding.

The treatmentherediffers from the one in main text in two respects: first,

sincetheconstraintapplieson effective labor
q

ratherthannominallabor  , we

solve this problemin termsof
q

. The solution for  is thensimply given by�+ �s 
- q . Second,ratherthansolving for capital � anddeductrequiredlabor

for producing � from function
q 	*�!"QNO� definedin (10), we solve for

q
and then

deductthe requiredcapital for producingoutput � . This is againbecausethe

constraintappliesdirectlyon
q

, while capitalusageis unconstrained.Thecapital

requirementfunctionis obtainedby inverting
q 	*�!"QNå� :�a	*�!" q �,+ q  éâã � äã (70)

Theconstraintapplyingon thederivative of
q

, we treat
q 	*�/� asa statevari-

ableanddefinea new variable B 	*�/�À4 §q 	*�/� , which becomesthecontrolvariable.
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Problem(35)canthenbewritten underthefollowing form:33

�����C � �G� 6 � ä��D @ ¸ KH�  
- q 	���� � I&�a	 q 	��&�j"E�i	����w� �8�i0 	����  > � 	��&� (71)

s.t.
§0 	�����+¨KH�s !v q 	*�/� (72)0 	��s =�X+�� (73)§q 	����X+ B 	*�/� (74)B 	����o�¨� (75)

Letting superscript
1 Û

denotethe “constrained”governmentproblemunder

PUCregulationanddenotingby E thecostatevariableassociatedwith constraint

(75),we form theHamiltonian:

ª ' � + ¸ @¦KL�  
- q 	��/�n@�I��a	 q 	����j"E�i	��&�w�n@ �i0 	����  � 	��/� �F� 	*�/�GKH�  !v q 	���� �GE 	*�/� B 	����
First-orderconditionsarethengivenby:§E 	*�/�5+ @ t ª ' �t
q + ¸ KH�/ 
- � I���H  � @ � KH�/ !v (76)§� + @ t ª ' �t 0 + �
� (77)t ª ' �t B + E 	*�/�o�Z� E 	*�/� B 	����,+�� B 	*�s�o�¨� (78)

Calculating��H from (70)andsubstitutinginto (76),weget:§E 	��/�X+ ± KH�s 
-�@�I � �� q ³ � @ � KH�/ !v (79)

33ThetreatmentherefollowsLaffont andTirole [8], sectionA1.5.
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Considernow aninterval � � - "$� v ' for which
q 	��/�,+  q . SinceE 	*� - �X+ E 	*� v �,+� , weobtain,aftermultiplying bothsidesof thelastexpressionby  q , substituting� 	 � @ � 	*�/�w� to � 	���� , andintegrating:6 � �� ä ±3KL�  
-, q @ I �� � � � 	 � @ � �� KL�  !vI q ³ > � +�� (80)

Substituting¦	3�m	*�/�l"$�a	����j"$���Â+ �! 
- q 	*�i	��&�j"E�a	��/�?�Â+¹�s 
-  q , this canbe written

as: 6 � �� ä ±3KLM@ I �� � � � 	 � @ � �� �  ³ > � +�� (81)

Note that this conditioncaneasilybe relatedto condition (40): while this

latter requiredthat the integrandof (81) be equaledto zerofor each � , hereit is

only requiredto bezeroon“average”on theinterval � � - "$� v ' , overwhicheffective

laboris fixed.

D Binding Output Monotonicity Constraint

In this Appendix,we includeanoutputmonotonicityconstraintin thePUCprob-

lem andsolve theproblemby following thetechniqueusedin AppendixC. Out-

put �i	���� is takenasa statevariableandwe introduceJ 	*�/�¦4 §�i	��/� asthecontrol

variable. ThePUCproblemthenbecomes:�A����LK � �B�P¡ Ý � £ b�¤ 6 7B� �G�9 : 	3;=�B>s;A@ : 	3�m	*�/�w�G�m	*�/�?��¥ ��� : 	3�m	*�/�w�G�m	*�/�n@�KL¦	3�m	*���l"$�a	����j"$���G' �
s.t.

§�i	�����+ J 	*�/� (82)J 	����o�¨� (83)

Letting M 	���� be the co-statevariableassociatedwith (82), we canwrite the

Hamiltonianfor this problemasfollows:
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ª 3 � + b8¤ 6 7?� �G�9 : 	<;=�?>/;¾@ : 	*�i	��/�?�B�i	����w��¥ ��� : 	*�i	��/�?�B�i	����n@ÓKHV	*�i	����j"$�a	*�/�l"$�/��' �FM 	��s� J 	��/�
First-orderconditionsare:§M 	*�/�5+ @ t ª 3 �t �i	��/� + ± b : � 	 � @ b ��	 : ² � � : �n@ KL� � ³ � (84)t ª 3 �t J 	*�/� + M 	��/�À�¨� M 	*�s� J 	����,+�� J 	*�/�À�¨� (85)

Considernow an interval � � - "$� v ' over which constraint �i	��/�M+  � . SinceM 	�� - �X+ M 	�� v ��+�� , we from (84):6 � �� ä ± b : � 	 � @ b ��	 : ²  � � : �n@ KH�  � ³ > � +�� (86)

Thiscanbewrittenas:Ú�æ 	  �ià b � � � 	*� v �n@ � 	�� - �G'=+ K�  � 6 � �� ä V	  �!"$�a	����j"$���?> � (87)

which is equation(53) in themaintext.
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