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Abstract

We compareheeconomicefficiengy of apublicly-ovnedutility directly
controlledby the governmentwith a publicly-ovned utility regulatedby a
public utility commission(PUC). Regulationby a PUC is modelledasa
Nashequilibrium of a gamebetweentwo principals,the governmentand
the PUC, eachof them having control over a subsetof decisionvariables
determiningthe utility performance.A utility managerwho hasprivatein-
formationover a productvity parameteris the agent.Comparison®f both
regulatoryregimesare madewith respecto output,choiceof inputs,man-
agersinformationrentandfirm’s profit. Reason$or whichthegovernment
shouldpreferoneregulatoryregimeovertheotherarediscussed.Therecent
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regulatoryreformof electricity marketsin the province of QuebeqCanada)
providesanillustrationof themodel.
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1 Introduction

In recentyears,technologicalprogresshas considerablyreducedthe extent of

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

restrictionswererelaxed in mary industries,suchastelecommunicationszable
television, naturalgas,electricity or mail services. However, in all theseindus-
tries, sectorspecificregulationremains,eitherbecausegartsof their operations
still arenaturalmonopoliesor becausehey aredeemedessentialjin which case
subsidizedpricesareinsuredby regulationfor equity purposes. Suchservices
continueto beprotectedrom entry. As therecanexist scopeeconomiedbetween
competitve andprotectedservicespriceregulationmustoftenapplyto firmsthat
supplybothtypesof services.

In sucha regulatory framework, pricessetfor protectedservicesare likely
to be routinely contestedy both the protectedserviceprovider and competitors
on the groundthat they involve cross-subsidieat their disadwantage. In mary
countries,suchchagescanbe exarcebetedy the factthatthe formermonopoly
incumbentis a public enterpriseas presumption®f political interferencesvith
market operationsbecomedifficult to esch&. For this reasongovernmentsn
thesecountriesoftencombinedereyulationandmeasuresvhich signaltheir com-
mitmentto keeppublic enterprisest arm’s lenghtfrom political interventions?
thesecan go from simple accountingrules, suchas accounting‘separation”of
competitve actiities andprotectedservicesto outright privatization.

For instanceliberalizationof telecommunicationandpostalservicesaregenerallyaccompa-
nied with someform of universalserviceobligationsto insurethathigh costcustomerstill geta
minimal servicelevel. Distribution andtransport/transmissioof naturalgasandelectricity stay

naturalmonopoliesvhetheror not competitionis allowedin productionandsupply
2Furthermoresuchmeasuresanbe encouragedr imposedby tradeagreements.



Oneof thesemeasuresadoptedby the governmentof Quebedor electricity
markets,is to delegatethe monitoringof the industryin generalandof the public
enterprisein particularto a so-calledindependentegulatory ageng, or public
utility commission(PUC)2 similar to the onesthattraditionally oversav private
naturalmonopoliesn US. This framevork hasthe advantageof beingrelatively
easyto implement. However, asthe governmentownsthe public enterpriseand
setsup the ageng which regulatesthe latter, it is not readily clearwhetherand
how thisregulatoryframework differsfrom onewheregovernmensolelycontrols
thepublic enterprise.

This paperpresentsa microeconomianodelwhich allows to make efficiency
comparisondetweerntwo regulatoryframenorksappliedto protectednarketsof
public enterprises: direct governmentcontrol, which refersto the casewhere
governmenthasthe power over all decisionvariablesthataffect the performance
of the public enterpriseandregulationby a PUC. We first develop a principal-
agentmodelto analyzeallocative andproductie efficienciesof apublicenterprise
whichis directly controlledby government. Regulatoryreformis thenviewedas
the transferof somedecisionvariablesfrom governmento the PUC. A solution
is derived for a gameplayedby the two principals,i.e. the governmentandthe
PUC. A utility managerwho hasprivateinformation aboutlabor productvity,
actsasa self-interesteégentwho maximizesherinformationrent.

In this model,the governmentcan pursuean objectie that differs from util-
itarian welfare maximizationanduseits public enterpriseasa policy instrument
to reachits goal. Thisis in factwhy market liberalizationrequiresa signalthat
the industrywill be regulatedat arm’s length. In orderto highlight the impact
of PUCregulationon the efficiencgy of the public enterpriseye first considerthat
the governments objective remainsthe sameunderboth regulatoryregimes. In
thesecircumstanceghe governmentrefersdirectcontrol,sinceit canmaximize
its objective functionusingall decisionvariables. As aresult,creationof thePUC
mustbe causedy externalpressuresuchastradeagreements.We thenlook at

3Becauségheregulatoryageng actsasa principalin our model,hereafterwe referto it asthe
public utility commission.



the possibility that both regimesbe operatedunderdifferentobjective functions.
This is to reflecta casewherethe governments forcedto changeits announced
objectve function,but is freeto selecttheregulatoryframeavork. Thequestionis
thenwhetherthe PUC becomes way to circumwentthis externalpressure.

Our allocation of decisionvariablesbetweenthe governmentand the PUC
follows the distinction madeby Laffont and Tirole[7] betweeninternal control
andexternalcontrol. Accordingto theseauthors,internal controlis the control
of thefirm’sinputsandcostminimizationprocess? while “externalcontrolis the
controlof all variableghatlink thefirm with outsiders: consumergregulationof
prices,quality, productselectiongtc.)..”.®> They view aregulatedprivatefirm as
a firm whoseinternalcontrolis exercisedby shareholdersand external control,
by government. For public enterpriseshoth externaland internal controlsare
exercisedby government. A naturalextensionof this analysisto the caseof
a regulatedpublic enterprises to let the PUC exert external control while the
governmentexertsinternal control. This is the way separatiorof control over
decisionvariablesbetweerthetwo principalsis madein our model.

We assumethat all sectorsof the economyother than the protectedsector
including the competitve segmentsof the regulatedindustry are perfectly con-
testable. However, pricing of the protectedservicecaninducedistortionsin other
markets. In orderto abstracfrom the explicit waysthesedistortionsarecreated
(e.g. cross-subsidiegaxationof competitors service)andto focuson a partial
equilibriumfor the protectedservice , we assumehatthe public enterprisds en-
tirely financedby government,on the baseof the appropirateshadaev price of
public funds,andthatit is a price-taler onits competitve segments.

The mainresultsof the modelareasfollows. Whenthe sameobjective func-
tion is usedunderboth regulatory regimes, the action of the PUC leadsto an
increaseof the public enterpriseoutputandto a profit decreaséf demands in-
elastic. Creationof a PUC couldthenpotentiallybejustifiedif the price of the

4Laffont and Tirole [7], p. 86. They cite “influence on manageriainputsthroughmanage-
rial incentive schemesinterventionin the decisionsconcerningemployment, level and type of

investmentsborrowing etc”, asexamplesof internalcontrol.
SLaffont andTirole [7], p. 86.



protectedservicewasoriginally higherthanthe welfare-maximizingprice. But
if governmentpreferencesresuchthatthe price of the protectedserviceis orig-
inally lower thanthe welfare-maximizingprice, the tendeng of the PUCto in-
creasdurtherthe outputcanbe usedstratejically by thegovernment: it canhelp
circumwenta changeof objective functionimposedoy externalpressures order
to decreaseutput.

Although, to our knowledge,thereexists no economicmodelwhich analyzes
explicitly the performanceof publicly-owned monopoliesundervariousregula-
tory regimes,modelshave alreadybeenbuilt in orderto comparethe efficiency
of directly controlled publicly-owned monopoliesto the efficiency of regulated
privatemonopolies Ourtreatmenbf directgovernmentcontrol closelyfollows
Pint's model[1Q with two exceptions. First, our specificationof the manages
compensatiorschemes lesselaboratehanin Pint. This simplifiesthe model
withoutlosingary insighton productie or allocatve efficiengy. Themodelcould
beextendedo includePint’'scompensatioschemeavithoutmodifying theresults.
Secondcontraryto Pint, the governmentdoesnot valueemploymentwagesn its
objectve function; i.e. it doesnot wish to useits public enterpriseto spurem-
ployment. This also allows to simplify considerablythe presentatiorwithout
modifying the structureandthe basiclogic of the model. However, it shouldbe
noticedthat the resultsderived herewould changeif a sufficiently high weight
weregivento laborwagesn thegovernments objective function: the PUCwould
tendto decreaseutputand,with aninelasticdemandto increaseprofit.”

Note also that in our model, contraryto most modelsin the literature, we
assumehatthePUCdoesnotimprovethegovernmentsinformationonthefirm’s
costor productvity. Thisallows usto focusontheimpactof separatinglecision
variablesbetweerthegovernmentandthe PUC. This assumptiorcanbejustified
by thefactthat,asa shareholdeithe governmentalreadyhastheright to conduct
inquiriesinto its enterpriseasit seedfit. As a result, gettingbetterinformation

6SeelLaffont and Tirole[7], Pint[10, De Fraja[5],and Schmidt[1]. Thereis alsoa large

empiricalliteratureon this topic, seeBernardandWeiner[4 andreferencesherein.
"Nouhi[9] presentshe samemodelasthe onedeveloppedn this paperwith the additionof a

laborwagein the governments objective function.
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from the firm doesnot requireanindependenbody asit is the casefor a private
firm; it canbedone,for instancepy increasinghe staf of the departmentvhich
monitorstheenterprise.

The next sectiondescribeghe partsof the modelwhich arecommonto both
typesof regulatoryregimes. Sections3 and4 thenturnto determinatiorof output
and inputs underdirect governmentcontrol and underregulationby a PUC, re-
spectvely, assuminghatthe governmentbbjectve functionstaysthe same. Sec-
tion 5 looks at the ways the governmentcan useregulationby a PUC to reach
goalsthatdiffer from an objective functionthatis imposedby externalpressure.
We illustratethis casewith electricitymarketsin Quebec. By way of conclusion,
we discusssomeextensionghatcould be broughtto the model.

2 Basic Model

2.1 Technology, Welfare and Government’s Objective

Thegovernmenis the soleownerof anenterprisevhich producesagoodaccord-
ing to thefollowing Cobb-Douglagechnology:

¢ < K*(0L) (1)

wheregq is output, K is capital, L is labor, and# is a randomvariableaffecting

input productvity. A high 6 is thusassociatedvith high input productvity. In

orderto insuredecreasingnaginal productvitiesfor capitalandlabor, we assume
thata < 1 andg < 1. At thisstagenoassumptioris requiredonreturnsto scale,
I.e. onwhethera + j is greatetthan,equalto, or lessthan1.

Realizationsof the randomvariablef, aswell asthe amountof labor em-
ployed, are privately known by the manageof the firm.2 However, the density

8This assumptioris justified as follows by Pint [10] (p. 134-135): “outsidersobsene the
numberof workers,but not their quality or the numbersof hoursthey work.” Efficient usageof
laborcanbeconsiderecasa managementroblem. Generallythe existenceof a public enterprise



function f andthe distribution function F, definedover theinterval [§~, 6], are
commonknowledge. From (1), we obtainthelaborrequirementunction,i.e. the
minimumamountof laborthatis requiredto produceg with capitalinput K and
productvity parametep:

L(q,K,0)=0""q"/PK /P (2)

Thefactthatf cannotbedirectly obsenedby governmentor the PUC allows
the utility’ smanageto extractaninformationrent. Thisrenttakesthe form of a
paymentor transfer)V’ () which varieswith thereportedproductivity.® Because
suchpaymentreduceshe profitability of the public enterprise the government
wishesto keepit assmallaspossible. Othermanages compensationwhich are
not relatedto the productvity parametersuchasa fixed salary are setequalto
zerowithoutlossof generality Similarly, themanages resenationutility, which
canbeassimilatedo heroutsideopportunitiesjs alsotakento be zero.

Output,capitalandprofit areobsenableby the principal(s). For givenvalues
of the obsenable and the private information variables,consumersurplusand
profit arethendefinedby:

CS(q) = /qu(w)dr —p(9)q (3)

wherep(-) is the inversedemandfunction, r is the price of capital,andw is the
wagerate(all exogenougo themodel). Notethattheinformationrentis deducted
directly from profit. Thisaccountingcornventionis adoptedoecauséheinforma-
tion rent constitutesan incentive paymentto the managerand thus reduceshe
benefitsof owning the enterprise. However, aslong asthe sameweightis given
to theinformationrentandotherinput costs,it would be equialentto keepsepa-
rateaccountingor theinformationrentand“gross” profit (-, -,-, V) + V.

is justified by the factthatthe governmenthasneitherthe time nor the knowledgeto tacklesuch
problems. This amountgo acknavledginganinformationasymmetrybetweengovernmentand

the public enterprises managers.
SThisrentcanthusbeinterpretedasa performance-basedabnus.
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We assumehatconsumersutility functionsareseparablén the public enter
prise’s goodandincome(which representsall othergoods”)andthatthey take
thefollowing quasi-lineaform:

U'(gi, yi) = u'(¢:) + i ()

wheres is the consumeindex, ¢; is the quantityof public enterprises goodpur-
chasedoy consumeti, andy; is its income. Becauseof this quasi-linearform,
u' correspondgo individual consumes surplus. Eachconsumemwill seeits
incomeaffectedby theutility’ s profit (deficit) becausgovernmentctsasaresid-
ual claimant: suchprofit (deficit) will reduce(increase}axeslevied by govern-
mentand,consideringhateachdollar of taxationcreatesa deadweightossof ),
aggrgateincomeincreasegdecreaseshy (1 + \)w. We alsoassumehat the
firm’s manageis partof the constituenyg, sothatherinformationrententersinto
the socialwelfarefunction. With eachconsumegettinga given shareof profit
(taxes),summingindividual utility functionsleadsto thefollowing utilitarianwel-
farefunction:

Wi(q,m, V)= % +7 (6)

wherenormalizationwith respecto (1 + A) is madeonly for easeof presentation
of calculationanadebelow.

The governmentmay have political motivationsandusethe public enterprise
asa policy instrumentto reachgoalsotherthanwelfare maximization. Specif-
ically, governmentgivesa weight v to aggregate consumersurplusthat differs
from 1/(1 + X):%°

0(CS,mV)=9CS+m+ (1+A)'V (7)

10Baron[1] shaws that sucha function canbe viewed asa majority-rule equilibrium of a leg-
islaturewhosemembershave utility functionsthatarelinearin consumesurplusandprofit. He
alsoshavs how to connecttheseutility functionsto constitueninterests.



2.2 Manager Behavior

The managerseeksto maximize her utility. This amountsto maximizing the
informationrent,sinceall othercomponent®f hercompensatioarefixed.

In virtue of the revelationprinciple,adirect mechanisnis used*! Theman-
ageris thus asled to report parameted. Dependingon her reportd, shewill
have to meeta productionandprofit tamget {¢(#), =(A) } with the amountof cap-
ital madeavailableto her {K(#)}. If shereportsd while the true valueof the
parameteis 0, therentV (6, §) thatsheobtainsis:

V(0,0) = p(a(8)q(d) - rK(0) — wL(g(0), K(9),0) — ()  (8)
Then,in orderto make the managetruthfully reportparametef (andinsurethat
outputandprofit targetsare met), the menuof contracts{q(6), = (), K () } must
bedesignedn suchaway that

V(0,0 <V(0,0)=V(6) V0,0 (9)

Thisis theincentve compatibility (IC) constraint. Thefollowing two lemmas,
borronved from Pint (1992), provide operationainecessaryand sufficient condi-
tionsfor satisfyingthis constraint. In the secondemmaand|ater developments,
it is usefulto referto thefollowing function:

Ag, K) =¢'/PK=°/° (10)

whosevaluecanbeinterpretedastheamountof effectivelabor, or work, whichis
requiredto produceoutputg with K unitsof capitall?

Lemma 1 Thenecessargonditionfor a menuof contracts{q(8), 7 (), K(6)} to
satisfylocal incentivecompatibilityis

oV (0)
00
we will discusdaterhow the directmechanisnsolutioncanbeimplemented.
12 This measuref labor, whichis independentf the productiity parametelis to becontrasted
with the requirednominalamountof labor L (¢, K,0) = A(g, K)/6, which of coursedecreases
for givenq and K asthe productvity parametemcreases.

= wf *q(0)"P K (0)~" = wb ' L(q(0), K(9),6) (11)

9



Proof. SeeAppendixA m

Lemma 2 Necessargndsuficientconditionsfor menuof contracts{q(6), 7 (6), K(0)}
to satisfyglobal incentivecompatibilityare:

(@) V(O) =V(07) +w [,z 2q(z) /P K () */Pdx
=V(07) +w [)- 2z 2A(g(z), K (z))d

(17) A(q(8), K(#)) is nondecreasingin 6.

Proof. SeeAppendixB =

Menu{q(9), 7(8), K(#)} mustalsorespectheindividualrationalityconstraints
V() > 0, V6. Sinceit canbe seenfrom (11) thattherentmustbeincreasingn
# andbecaus¢hegovernmentlwaysprefersto minimizetherentpaymentthese
individual rationality (IR) constraintcollapseto

V() =0 (12)

To understandntuitively why the governmentmustgrantaninformationrent
insteadof concedingonly the resenation utility, note that the managerwhen
facedwith thetrue parameteraluef, canalwaysannouncea lower productvity
parametewaluef < f andstill meetcontracttargets{q(f), =(9), K (A)}, without
making her lie apparent. This is so becausdabor actually employedis unob-
senableby governmentandbecauséhe lower is the productvity parameterthe
higheris the amountof labor requiredto meetgiven contracttargets. As are-
sult, by makingthe governmentbelieve that morelabor is requiredthanwhatis
actuallyneededthe managercanensureherselfa budgetthatcanbe usedfor her
own benefit. More precisely if governmentmadea priori no provision for an
informationrent, it canbe seenfrom (8) thatannouncinga valued lowerthanthe
truevaluef would give the managethe following “self-granted’compensation:

V(0,0)—V(0,0) =w |L(q(d), K(9),0) — L(q(0), K(§),0)| >0  (13)

Takingthelimit asf — 6, we obtaintherateatwhichthis compensatioincreases
with @, which is exactly equation(11). In otherwords,in the truthful direct

10



mechanismthe governmentconcedesexactly the amountthat the managercan
otherwisegetby herown means. As its nameindicates the informationrentis
thenexactly the valueto the managenf hersuperiorinformation.

3 Direct Government Control

3.1 Direct Mechanism

Underaregimeof directcontrol,thegovernmenteterminesfor eachcontingenyg
6, the value of outputandcapital. It seeksto maximizethe expectedvalue of
its objective function (7) underIC andIR constraintsvith availabletechnology
Lettingy = A/(1 + ), its problemreadsas:

ot q(6)
[ {7 [ [ vz~ a)00)| + pia@)a0
_rK(6) — wL(q(6), K(0),0) — vV (8)} dF (14)
st axgigm — w0 L(g(0), K(0),0) (15)
V()= (16)
Ag(6), K(0)) > 0 (17)

Thisis anoptimalcontrol problemwhereV (#) representa statevariable.

For the momentwe neglectconstraini(17) andwe will checklaterwhetherit
is satisfiedor not. Appendingcostatevariabley(6) to constraint(15), we form
the Hamiltonianfunction H? asfollows:!3

q(6)
HP = lv /0 p(z)dz + (1 —7)p(q(0))q(0)

—rK(0) — wo'¢"F(0)K=/E(0) — vV (0)] f(6)
+1 (0) wo ¢ /P (0) K /% (6) (18)

BHereafteysuperscriptD refersto Direct governmentontrol.
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whereL(q, K, §) wasreplacedy its valuegivenin (2). Let(¢”(8), KP(0),V?(0), u”(6))
be aninterior solution* and L” (0) = L(¢”(0), K”(6),6). This solutionthen
satisfieghefollowing necessargonditions!®

a D

i = O =y (19)
oOH” [ D _ 1(, D\ D D _w_LD pwLl?
90 = _vp(q )+ (1= (e )" +p(@”)) 5D f+u %qD—O
(20)

OHP [ LP LP
95 = |t vaEs| f o wgagn =0 (21)
pP@t) = 0 (22)
(¢P(0), K (9)) maximizesH” (q(0), K(0),V"(),0) (23)

Condition(23) in turnimpliesthefollowing second-ordecondition®

Ho = [(1=7) [p"¢" + 2] + 70 + wLy(q”, KP,0)] f — uP07 " Ley(q”, KP,0) < 0
(24)

Trans\ersality condition (22) comesfrom the factthat V (§") is free in this
problem: recall thatthe endpointindividual constraintV/ (§*) > 0 wasnot in-
cludedbecauset is never binding dueto equationg16) and(15). Then,from
(19) and(22), we get:

9t

WP(6) = WP (6) - / vf@)dz = —v(1— F(#) <0 (25)

4sinceboth inputs are essential any solutionwith ¢ > 0 is necessarilyan interior solution.
Note however thatan optimal solutionmaynot exist: for instancejf « is sufficiently high andif

demancklasticityis one,the objective functioncontinuouslyincreasessq — oo.
SWe omit agument® wheneverthereis no confusion. It canbeshawn thatif a 4+ 3 < 1, these

conditionsbecomesufficientfor amaximum. We do notwish, however, to imposethis decreasing
returnsto scalecondition,sinceregulatedenterpriseshatarepublicly-ownedareoftenconsidered

to benaturalmonopolies.
19t alsoimpliesthat HR < 0 andthat H)) HZ, — (H[%)? > 0, V8. Theformercondition

canbe showvn to be alwayssatisfiedwith o < 1 andg8 < 1. Thelatter hasto checledfor each
problemat hand,but we do not write it explicitly, andreferinsteadto (23), becausét doesnot
corvey ary interestingeconomidnterpretation.
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To interpretthis equationnotethat (15) representshe rateat which the man-
agersinformationrentincreasesvith 4. Now, supposehatthe manageis able
to extractoneadditionaldollar of rentwhenthe parametewalueis 6. Sincethe
managecanalways‘mimic” afirm of productvity ¢ if theproductvity parameter
is higherthan#, this additionaldollar of rentmustalsobe grantedto the manager
wheneverthe productvity parameteexceedd). Asthenetcostto governmeniof
eachdollar of rentis v, theexpectedossto governmenis v(1 — F(9)).

From(21)and(25),we getthemarginal rateof substitutiorof laborfor capital

atanoptimalsolution:
D
MRSP, = % - % [1 n y171(r9()9)] 7 (26)

If thegovernmenimaximizedexpectedwelfare E,W (¢, 7, V') without constraint,
this M RS would be equalto w/r. However, the governmentimplicitly values
labordifferentlyfrom marketwagew. To seewhy, supposaet is decidecthatone
additionalunit of laboris to be usedin the eventthatthe productvity parameter
liesin theinterval [, @ + df]. This eventoccurswith probability f(6)df. From
(15), thisunit addswé ' d# to theinformationrent(andthusreduceshe objective
functionby rwé'df) wheneerthe parametewalueis equalto or greaterthané,
i.e. with probabilityl — F'(#). Thenetmamginal costof laborat§, or the value
of labor to government,is thusw(f(0)df + v(1 — F(#))d6/6]. Sincethe unit
costof capitalis r f(#)d#, condition(26) simply statesthatthe MRS should,as
usual,be equalizedto the ratio of input values,wherethe value of labor differs
from its market price becausef informationconstraints.Becausehetermuy (1 —
F(6))/6f isunambiguouslyelatedto informationconstraintshereafterwe refer
to it astheinformationterm.

Turningto allocatve efficiengy, we substitute(25) and(26) into (20) anddi-
vide theresultby f(6) to obtain:

b 1=y | _ wl’@®f  1-F6)
p(g”(0)) |:1+8(p(qD(0))):| ~ BgP(6) [1+ 0f(0) }
_ rK"(9)
= w0 Vo (27)



wheree(p) is the price elasticityof demand. The left-handside of this equation
representshe marginal benefitof outputto the governmentconditionalon §. If
~ = 0, thismamginal benefitsimply correspond$o marginal revenue. Increasing
~ increaseshe maginal benefitof a givenlevel of outputover mamginal revenue.
If the governmentgivesmoreweightto consumessurplusthanto profit (y > 1),
a casewhich s likely in practice,the maginal benefitis even higherthanprice.
Notethatin sucha casethe maginal benefitis positve evenif ¢ > —1, sothatit
is possiblethatthe public enterprisesellsin theinelasticportion of demand.

To provide aninterpretatiorto bothtermson theright-handsideof (27), note
thatif the public enterpriseminimizedthe costof producingg, its maginal cost
of productionM C'(q, 8; w, r) would begivenby:

wL(q,0;w,r) B rK(q,0;w,r)

MC(q,0;w,r) =

Bq ag
B8
at+B o
= 07+% [%] [ﬂ 7 qars ! (28)

where L and K represeninput demandfunctions!” However, from (26), the
governmeniactsasif thepriceof laborwerew [1 + v(1 — F')/0 f], whichwe call
theimplicit price of labor. Letting M B(q; ) = p(q) [1 + (1 — v)e '] represent
the (conditional)maiginal benefitof outputto governmentand¢(d) = 1 + v(1 —
F(6))/6f representhe factorby which governmentimplicit labor wagediffers
from the marketwage the pricing condition(27) canbewritten as:

MB (qD(Q);fy) =MC (qD(H), 0; w¢(0),r) , VO (29)

" Thesenputdemandunctionsaregivenby:

= S

I a+8
L(q,0;w,r) = 6 %5 [ﬁ] o
aw
Br] =
R(q,0;w,r) = 6~ %5 [_T] s
aw

They areobtainedrom the problemof minimizing costsubjectto the Cobb-Douglagunction (1).
Thefirst line of (28)is intuitive becausedq/ L andag/K representhe marginal productiities of
laborandcapital.
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Similarly, secondorder condition (24) can be written in the following intuitive
form:

MB, (q°(0);7) < MCy (¢°(0), 0;we(0),7) , VO (30)

Equation(29) canthenbe usedto determinantuitively whethermoreor less
outputis producedin comparisonto the welfare-maximizingsolution, with or
without private information constraints. For example!® if governmentweighs
consumersurplusmore heavily thanprofit (v > 1), maginal benefitof output
in (29) is alwayssuperiorto price; this impliesthat outputg? (6) will be greater
thanthewelfare-maximizingsolutionwhereinformationconstraint@retakeninto
account. However, the outputcanbe greateror lessthanthe welfare-maximizing
solution without constraints. This is illustratedin Figure 1 wheretechnology
is assumedo display increasingreturnsto scale,q’ is the welfare-maximizing
outputsubjecto informationconstraintandg" is thewelfaremaximizingoutput
without informationconstraints. In this casewe have ¢” > ¢ andwe seethat
qP is necessarilgreatetthang’.

18n whatfollows, we assume\ = 0 for easeof presentatiomf thegraphic. Thesameanalysis
canbe performedwith A # 0, but it would adda maginal benefitfunctionin the figure, asthe
maurginal benefitfunction associatedvith welfare-maximizatiorwould differ from the demand
cune.
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FIGURE 1
COMPARISON BETWEEN THE DIRECT CONTROL AND WELFARE
MAXIMIZATION FOR A GIVEN § WITH v > 1

p

MB(d;7)

T MC(q ,0;W¢,r)
MC(qg,f;w,r)

q q"q” g

Onecanthuseasilyperformcomparatre staticsfor differentweightsy using
graphicssuchasFigurel.

3.2 Monotonicity Constraint and Implementation

We now shaw that the solution developedin the previous sub-sectiorsatisfies
monotonicityconstraint(17) underthe fairly generaland usualassumptiorthat
the hazardrate f(0)/(1 — F(#)) is increasingwith . We proceedby proving

first that,in conformitywith intuition, this solutioninsuresthatthe higheris input

productvity, the higheris output. We thenshawv thatsuchoutputmonotonicityis

sufficient for the satishictionof (17). Outputmonotonicityallows alsoto imple-

mentthe directmechanisnsolutionby settingup the menuof contractsan terms
of outputratherthanin termsof the productvity parameter

Proposition 1 Let {¢”(6), K" ()} be a solution of problem(14)-(16). If the
hazad rateis increasingin 4, theng?(9) > 0, V6.
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Proof. We first note that a monotoneincreasinghazardrate implies that
#'(9) < 0,VH. Secondasolutionof problem(14)-(16) mustsatisfy conditions
(29) and(30). Differentiating(29) yields:

, MCy+ MCywe
() = —7 ’
MB, — MC,

(31)

The numeratoris negative since MCy < 0, MC, > 0,and¢ < 0. The
denominatois negativein virtue of the second-ordecondition(30). m

Corollary 1 Undertheassumptionsf Propositionl, constiaint (17)is satisfied.
In otherwords, necessargondition(i:) for incentivecompatibilityis satisfied.

Proof. Fromthedefinitionof A, we have:

A(g(6), K°(8)) = 0L(¢"(8), K”(9),60) = 0L(¢"(6), 6;we(9),7)

ﬁ]aiﬂgb o

=0t [ 2] g o) @)

Totally differentiatingwith respecto 6, we obtain:

AP 0). K2(0) = 25075 [ 2L st ()

o _a_| pr 5+ =20-8 . D\ziz
— 00 B | — a+p a+p
a+f ' [aw] o (a7) 0

+

a /Br aiﬂ __a D 1 -1-D
Pais | +8 a+B 33
a—+p ' [aw o e (q) (33)

which is positive for all § since¢’(f) is negative by assumptionand ¢” () is
positivein virtue of Propositionl. m

The solutionfound for the relaxed problem(14)-(16)thussatisfiesconstraint
(17). Oncethis solutionis found, oneis confrontedwith implementingit in
practice:it seemaunrealisticto expectthatthe governmentwould askthe public
utility’ s managerso “announcetheir productvity parameter”. Managersshould
ratherhave to commitpublicly onreachingatargeton oneof the obserablevari-
ables,suchas profit. In the problem consideredhere, since outputincreases
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monotonicallywith theefficiency paramete#, the directmechanisnsolutioncan
simply be implementedoy askingthe manageto announcehe outputlevel that
thefirm promisego supply or equialently, the priceatwhich outputwill besold.

To seethis, let” betheinversefunctionof ¢?, i.e. #” is suchthatd” (¢° (6)) =
0, VO € [9‘,0*}. Insteadof usingthe direct mechanismgovernmentcanask
themanageto chooseoutputin thefollowing menuof contracts:

{Qa i (GD (Q))a K" (eD (Q)) }qe[qD(ﬂ_),qD(ﬂ"')] (34)

Sincethis menusimply translateghe direct revelation menuin function of
output, it shouldbe clear that the choice of the managemwill not be modified:
wheneer the productiity parameters #, shewill announce®” (), i.e. the quan-
tity that corresponddgo @ in the original menu. This is formally shavn in the
following proposition.

Proposition 2 Themenuof contracts(34) implementghe direct medhanismso-
lution.

Proof. Let V2(8,0) = p(¢”(0))¢”(0) — rKP(0) — wL(¢”(9), KP(0),0) —
7P (0) representheinformationrentunderthedirectrevelationmechanism.Sup-
posethat the managerfacesmenuof contracts(34) and announce®utputq #
¢P(0), whered is thetrue parameter Lettingd = 0°(§) andusingthe factthat
thedirectmechanisms incentve compatible we have:

VP(6"(4),0°(q°(9)) = VP(0,0) < VP(0,0) = VP (6°(¢°(9)), 0" (¢°(0)))

i.e. announcingj # ¢P(6) givesto themanageaninformationrentthatis lower
thanthe oneassociatedvith ¢ (). Thisis in contradictiorwith thefactthatthe
manageseekgo maximizeherinformationrent. m

It turnsoutthatoutputis theonly obsenablevariablethatis necessarilynono-
tonewith respectto the productvity parameter This is becausédhat, although
effective labor A is increasingwith #, labor usageL could decreasdollowing a
productvity improvement.As a result,capitalusagewhich is obsenable,could
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decreasaswell asincreasewith 6. Similarly, althoughwe canderive conditions
underwhich profitis amonotondncreasingunctionof §, themonotonicityof the
profit path cannotbe warrantedin general. It thusseemshat output(or price)
would be the variablearoundwhich the menuof contractsshouldbe designed.
Thisis in line with actualpractice sincepriceis usuallythe instrumenthatgov-
ernmentsiseto regulatetheir public enterprises?

4 PricingviaaPUC

The creationof a PUC is modeledasan allocationof decisionvariablesbetween
two principals,thegovernmentandthe PUC. ThePUCis handedcontroloverthe
utility’ s price (output),which, in theterminologyof Laffont andTirole [7], repre-
sentsthe only externalcontrolvariablein our model. In choosingthe price, the
PUC hasthe mandateo give the sameweightsto consumeandproducersurplus
thanthoseformerly given by the governmentunderdirect control?® However,
the PUC doesnot have to pay ary attentionto informationrents,which remain
the governments prerogates. It is assumedhatthe PUCis dedicatedo fulfill-
ing its mandatédaithfully, i.e. thatit doesnot have a privateagendaof its own that
could make it diverge from its statedobjectve. The governmentandthe PUC
play a Nashgame,i.e. both principalstake decisionsof the otherasgiven. We
thussearchor equilibriumvaluesof decisionvariables.

4.1 Government’sProblem

The statedobjective of the governmentis the sameasunderdirect control, i.e.
the governmentstill wantsto maximize a weightedsum of consumersurplus,
producersurplusandinformationrent. However, sinceit relinquishedcontrol

9Governmentsalsoissueserviceor quality standardsvhile settingprice, but thisis beyondthe

scopeof this paperaswe have (implicitly) assumed givenandhomogeneougquality of output.
20Comparingresultsbetweerdirect controland PUC regulationwill allow us,in the next sec-

tion, to infer whethergovernmentasaninterestin modifying theweightswhenit createsa PUC.
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over output, this is equivalentto minimize outputcost,including the net costto
governmentf theinformationrent. Its problemthenbecomes:

{Ilr(l(aé)})(}Ea {=[rK(9) +wL(q(0), K(0),0) + vV (0)]} (35)
st 827? = wiL(q(0), K(6),6) (36)
V(o-) =0 (37)

Aq(0), K (6)) >0 (38)

We ignorefor the momentconstraint(38) andwill checklater whetherit is
satisfiedor not at equilibrium oncewe have solvedthe PUC problem. With H¢
asthe Hamiltonianfor this problemandr asthe costatevariable first-ordercon-
ditionsfor aninterior solutionare?*

, _ OH%
o= gy =V (39)
H¢ L L
a@K = [—wg—K — r] f- nwe(;—K =0 (40)
o) = 0 (41)

Thesepf courseyepresenthe sameconditionsthanthosefor the correspond-
ing variablesin the direct control problem(14)-(16). This meansthat, if the
governmenkeepshe sameweightsin its objectve function,giving up the output
decisionto a PUC doesnot modify productie efficiengy.

4.2 PUC’sProblem and Equilibrium

Giventhe capital-laborratio determinedoy the government,the mandateof the
PUCis to maximizethe weightedsumof consumemlandproducersurplus. Since

21Sincethe secondderivative of I with respecto K is positive, V(q, K, §), the objective func-
tion of thegovernments problemis concaein K andV. Moreover, the laborrequirementunc-
tion in the stateequationis corvex in K (andV, sinceL is independenbf V') while the costate
variablen is negative. As aresult,first-orderconditionsaresuficient for amaximum.
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the governmentremainsin chage of manageriaincentves, the PUC paysno
attentionto the distribution of the informationrent betweerthe managemandthe
government. The PUC’s problemis then:

q(0)
{mq(%Ea{’y / p()dz — p(q(6))q(6)

+ [p(q(0))q(0) — wL(q(0), K(0), 9)]}
(42)

Let H® be the Hamiltonianfunction for this problem. We obtainthe necessary
conditions:

R
aaiq = [’YP(Q) + (1 =7 (9 +p(9) - % f=0 (43)
21TR
T == (0+5) 99— Lyl f <0 @9

A Nashequilibriumis obtainedvhenconditions(39)-(41)of thegovernments
problemand condition (43)-(44) of the PUC'’s problemare satisfiedsimultane-
ously. If suchis thecasewe obtainfrom (43) and(40):

(45)

R L—q ] _wL™8) _rg ()" K*0)
p(q™(0)) [1 + 5(p(qR(9)))} - Bqt(0) B agh(0)

where{¢"(9), K*(0)} representaNashequilibriumandL®(¢) = L(¢"(6), K*(6),6).
In termsof the mamginal benefitand maginal costfunctionsdefinedabove, this
conditioncanbewrittenin thefollowing form:

MB (¢"(60);7) = MC (¢"(6), 6;w, r¢(6)™") (46)
Similarly, second-ordecondition(44) is translatedn a moreintuitive form as:

MB, (¢"(0);7) < MC, (¢"(0),0; w,76(0) ) (47)

From(29) and(46), it canbe seernthatthe differencebetweerthetwo regula-
tory regimescomesfrom the way thatinputsarevaluedby government. Under
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directcontrol,the choiceof outputby governmentwasdeterminedakinginto ac-
countanimplicit priceof laborof w¢. Here,the PUCdetermine®utputwith no
consideratiorof informationrents,i.e. the PUC considerghatthe price of labor
isw. Theonlyinstrumentin the handsof governmentquantityof capital, must
thenbe usedto copewith the “externalities” of PUC decisionson information
rent. Sincethe PUC usesw asthe price of labor and sinceaddingone unit of
capitalwill reducelaborusageby 1/M RSE,. unit of labor, thevalueof capitalis
w/M RSE, for government. Fromthe equilibrium maginal rateof substitution,
thisimpliesanimplicit valueof capitalof r¢~'. Thisis the price of capitalused
for choosingoutputin (47). As aresult,relative input pricesarethe sameunder
bothregulatoryregimes,but their absolutepricesdiffer. As shavnin sectior4.4,
thiswill have animpacton the choiceof output.

4.3 Monotonicity Constraint

The factthatgovernmentdoesnot directly control outputalsohasanimpacton

the possibility of satisfyingthe monotonicity constraint. Underdirect control,

governmentouldrestraininformationrentby restrainingoutput,sincelower out-

put requireslesslaborfor given capitaland productvity parameter The higher
was the productvity parameterhowever, the lesserwasthe role of outputasa

rentrestrictiondevice sincethe costof 1 dollar of rentconcededt event#, that
isv(1 — F(#)), decreasewiith §. Combinedwith the factthat outputwasless
costly to produce this led to anincreaseof production??> As governmentdoes
not directly controloutputunderPUC regulation,containmenbf theinformation
rentmustbe madethroughthechoiceof capital. Sincetheneedfor rentreduction
is reducedasf increasesit is possiblethatcapitalsuppliedto the firm is reduced
with increase®f #. Thiscanhave the penerseeffect of having outputreductions
with increase®f the productvity parameter Suchoutputreductioncanin turn

provoke aviolation of the monotonicityconstrain{(17).

22This canbe seenfrom equation(31).
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To formalizethisidea,we totally differentiateequation(46) andobtain:

R _ MGy — MC.r¢~2¢
1 MB, — MC,

(48)

whereMCy < 0 andMC, > 0, V(q,#) andwhereit is assumedhat necessary
conditionM B,— M C, < 0 is satisfiedandthat¢’ < 0. ThefirsttermoftheRHS,
MCy/(MB, — MC,), is aproductvity effect: higherinput productvity reduces
costandfavorsanincreasef production. Thesecondermis aninformationrent
effect: the decreasef the informationterm (¢') reduceshe value of a unit of
capital, or equivalently, increasests price (r¢~1). This tendsto reduceoutput.
The sign of ¢%(#) is thusindeterminate. Intervals of §s over which the hazard
rateincreasesteeply sothattheinformationterm¢ decreasesapidly, couldwell
displayoutputreductionwith productvity improvement.

An outputreductionwith productvity doesnotviolatearny constraintassuch.
However, it could leadto a reductionin effective labor A, i.e. to a violation of
(38), ascanbe seenfrom (33). Then,the Nashequilibrium (39)-(41)and (43)
would not beincentive compatibleandwould have to be modifiedover rangesof
productvity parameter$or which A is decreasing.For this purposeyve first note
thatwhenever A is decreasinghothoutputandcapitalarealsodecreasing.

Lemma 3 If ¢'(0) < 0 (increasinghazad rate),and A(¢%(6), K®(0)) < 0, then
¢®(0) < 0and K%(9) < 0

Proof. Thefactthat¢®(#) < 0 canbedirectly seenfrom (33). Now, writing
A in termsof capitalinsteadof output,onegets??

A(g"(0), KR (6)) = (ﬁr)cb +K(5r)¢>— (57~)¢ g (49)

Sincethelasttwo termsarepositive, A canbe negative only if K is negative.

Now, consideraninterval [6;, 8] for which constrainth (¢%(6), K(6)) > 0
in governments problemis not satisfied. Thenthe solutionhasto be adjusted

23To write A in termsof capitalonly, we substitute’ # to ¢# by takingtheinverseof thecapital
demandunctionwith respecto output. We thentotally differentiatewith respecto 6 to getA.
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sothat A becomesonstantover anintenal [6;, 6;] whered; < 0; < 0, < 6,.
Let {¢°%(0), K°E(#)} besuchasolution,sothatA(¢“%(6), K°%(#)) = A over
[0, 65]. It isshavnin AppendixC thatit mustsatisfy:

0 _ ~
/ [we—lz‘\ — @KCR + VMwO_QA dF =0 (50)
01 « f
Then,from (43), we getanimplicit conditionfor outputg®%,
6~'A
MB(¢CE(9):y) = 22 51

and K “%() mustbe choserin orderto meetthis output,i.e. mustbe suchthat:

A(g“™(0), K°H(9)) = A (52)

Note thatlabor usagewill decreas@ver this interval becausef higherpro-
ductivity: LER(9) = #~'A. SinceA = 0, it is alsoclearfrom (49) that capital
decreasesver this interval. Similarly, we getfrom (33) that outputis decreas-
ing.24

To summarizeanincentve Nashequilibriumis givenby conditions(39)-(41)
and (43) whenerer A > 0 andby conditions(50)-(52) for interval of constant
effective labor.

4.4 Comparisonswith Direct Government Control

In orderto comparesolutionsof bothregulatoryregimes,we will first concentrate
on the {¢f(0), K%()} pathandcheckthereaftethow resultsare affectedwhen
the constraintA > 0 is binding. In the following propositionswe assumehat
themaginal costfunction M C alwayscrosseshe mamginal benefittunction M B
from below for all (¢, 8). Thisis aslightreinforcemenbf second-ordenecessary
conditions(30) and(47), which only requiresthat M B, < MC, besatisfiedin a
neighborhoodf the solutionpoint. We assumehatthe conditionwould be met
whatever is the solutionto allow for comparatie statics.

24f the initial solution {¢%(6), K#(6)} allows for several segmentsof declining A, this so-
called“ironing” proceduravould have to berepeatedor eachof thesesegments.
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Proposition 3 If M B, < MC,, ¥(q,0), theng®(0) > ¢”(0), V6.

Proof. Sincewg¢(f) > w andr¢(f)~' < r, we have MC(q,0;weo,r)
MC(q,0;w,r¢ 1), ¥(g,0). We proceedby contradiction. Supposey”(6)
¢ (). Then,

2
<

MB(q%~) — MC(q",0;w,r¢™") > MB(q%;~v) — MC(q",0;we,r)
> MB(q”;7) — MC(¢”, 0;we,r) =0

But thisis in contradictionwith optimal pricing condition(46) of the PUC prob-
lem. m

Turningto input usagethe factthatthe maginal ratesof substitutionarethe
sameunderbothregulatoryregimesimply thatbothregimesusethe sameexpan-
sionpath. As aresult,theregimewho providesmoreoutputalsoemploys more
of bothinputs.

Corollary 2 If MB, < MC,, V(q,0), then LE(9) > LP(#) and K#(9) >
KP(6), V9.

Proof. Thisfollows from thefactthatbothregulatoryregimesproduceonthe
sameexpansionpathand,from Proposition3, that¢®(0) > ¢ (6), V0. m

We now shaw thatProposition3 extendsto the casesvhere,underPUCregu-
lation, themonotonicityconstrainis bindingoverintervalsof productvity param-
eters. Thisresultfollows from thefactthat,with anincreasinchazardrate,output
alwaysincreasesvith § underdirectgovernmentatontrol,while it decreaseswvith
# whenthe monotonicityconstraintis bindingunderPUC regulation.

Proposition 4 Let#; and#, besud that ¢“%(0;) = ¢®(0,), ¢°%(0:) = ¢%(02)
and A(¢C%(6), K°R(#)) = 0, V0 € (6,,6,). Assumehat M B, < MC,, Y(q,0)
and that the hazad rate is increasingfor all §. Theng®%(9) > ¢ (9), VO €
[0+, 65].

Proof. By Proposition3, ¢”(0;) < ¢%(6,) = ¢“%(#,). Since,underan
increasinghazardrate,¢” (6) > 0, V8 and¢“%(0) < 0 V8 € (6,,6,), it follows
thatg? () < ¢CF(0),V0 € [6,.0,]. m
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The next propositionsimply combineghe precedingesultson caseof non-
binding and binding monotonicity constraintin orderto comparethe complete
outputpathsof thetwo regulatoryregimes.

Proposition 5 Assumehat M B, < MC,, V(q,6) and that the hazad rate is
monotonencreasingfor all . Theng“Z(0) > ¢P(8), V6.

Proof. This follows from the combinationof Propositions3 and 4, using
Propositior8 wheneverq©%(#) = ¢%(6) andPropositiod whenerer A (¢°#(6), K°%(0)) =
0. m

However, Corollary2 remaingrueonly for laborusage.Resultson capitalare
not maintainedoecauseegulatoryregimesdo not operateon the sameexpansion
pathwhenthe monotoncityconstraints binding.

Corollary 3 Assumehat M B, < MC,, V(q, #) andthatthehazad rateis mono-
toneincreasingfor all . ThenL¢E(9) > LP(6), V6.

Proof. Whenever ¢“%(0) = ¢%(6), theresultfollows directly from Corollary
2. Considemow anintenal [4;, 8,] for which A(¢©%(8), K°%(6)) = 0. By def-
inition of A andin virtue of Corollary2, A(¢“%(0), K€E(0,)) = 0,L¢E(0,) >
0,17 (05) = A(qP(03), KP(05)). SinceA(qCR(9), KR (9)) = 0andA(¢P(0), KP(0)) >
0, V0 € [04,65], it followsthat

LER0) = 07" A(¢C%(0), KE(0)) > 07" A(¢”(0), KP(0)) = L”(0), VO € [0,,0]

Becausewe are not able to derive similar resultsfor the capital paths,we
cannotinfer generalresultson whetherexpectedcostsof productionis higher
or lower underoneregulatoryregime comparedo the other Consequentlywe
cannotcompareboth regimesin termsof profit. The difficulty ariseswhenthe
monotonicity constraintis binding; otherwise,the resultson labor pathswould
carryover capitalpaths,aswasshovn in Corollary2. However, intervalsof bind-
ing monotonicityconstraintsalsobring implementatiorproblems,aswe discuss

26



in the next sub-section. Tacklingtheseimplementatiorissuesaswe do in sec-
tions4.5and4.6, will turnoutto allow meaningfulcomparison®etweencapital
pathsandasaresult,betweenvaluesof the governments objective function.

45 Implementation

Becausanincentive compatibleNashequilibriumdoesnotwarrantmonotonicity
of eitherthe outputpath {¢“%(6)} or the capitalusagepath { K“%(6)}, neither
of thesevariablescanbe usedto implementthe directmechanisnoutcome. The
only variablethatcanbe usedis theinformationrentof themanager In principle
then,the menuof contractscould be designedn termsof the informationrent,
I.e. themanagerould beaslkedto announcénerinformationrent. This couldbe
considereésanagreemendntheperformance-basdgbnusgivento themanager
The menuwould thenbe {q(VEE(9)), 7(VEE(H)), K (VEE(H))}.

However, the solutioncould be politically difficult to implementfor two rea-
sons. First, it seemsoddto have a regulatoryageny focusinghearingson the
determinatiorof the overall compensatiof managersespeciallywheninternal
controlis consideredhe prerogatve of government. Secondtheresultingmenu
could allow for outputreductionswith productvity improvements. This would
typically encounterpolitical resistanceandit is dubiousthat the governmentor
the PUC could make a crediblecommitmento sucha solution: onceit is known
that the utility operatesundera relatively high productvity parameterthe PUC
would certainlybe pressuredby consumegroupsto keepthe outputprice atleast
aslow aswhenthe productvity parameters low. In otherwords,it appearsin-
acceptabléo sustaina situationwhereconsumersurn outto losefrom thefirm’s
productvity improvements.

For thesereasonsthe next sectionanalyzesa solutionwhereoutputis con-
strainedto increasewith the productvity parameter This is sufficient (but not
necessary)o meetconstraint(38). Forcingthe outputfunctionto be monotonic
will alsoallow the PUCto write the menuof contractsn termsof output,or price,
which seemsnorerealisticthanusingmanages compensation.
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4.6 Constraint on Output Monotonicity

The techniqueusedto solve the PUC problemwith anoutputmonotonicitycon-
straintg(f) > 0 is the sameasthe onepresentedor the labormonotonicitycon-
straintin the precedingsectionandin AppendixC. AppendixD presentsletailed
calculations. It is shavn thatfor aninterval [6, 62] over which the constraintis
binding (sothatq(#) = g, V8 € [61, 0]), thefirst orderconditionreadsas:
0>
_ w _
MB(@) [F(0) = Fo)) = 5 [ L@ K@.00F  (63)
Satisfyingsimultaneously39)-(41)and(53),aNashequilibrium (9%, K©%(9))

overthisinterval is suchthat:

MB(3°%;7) [F(62) — F(61)] = E;MC(¢7", 0;w,r¢™" (0)) (54)

Overintenvalsfor whichoutputis increasingwe simplyhave (¢°%(9), K°&(0)) =
(¢®(9), K%(0)). We canthenrestateProposition5 for the casewherean output
monotonicityconstraintis imposed.

Proposition 6 Assumehat M B, < MC,, V(q,0), and that the hazad rate in
increasingfor all 4. Theng®%(9) > ¢P(9), V6.

Proof. If 4 is suchthat¢°%(9) > 0, ¢°%(9) = ¢®(#) andthe resultis ob-
tainedfrom Proposition3. Considemow aninterval [6;, f,] suchthatq®%(f,) =
q(0,) = ¢°%(0y) = ¢%(h2) and¢®%(#) = 0,V € (61,6,). By Proposition3,
qP(02) < ¢%(02) = ¢°%(6,). Since,underanincreasinchazardrate,¢?(9) > 0,
V6 andgO®(6) = 0V6 € (61.05), it followsthatg? (8) < ¢OF(6), V0 € [61.0]. m

Contraryto the casewherethe monotonicityconstraintis imposedon effec-
tive labor, first-orderconditions(39)-(41) remainunchangedvhetherthe output
monotonicityconstrainis bindingor not. As aresult,the marginal rateof substi-
tution underPUCregulationwill bethe sameasunderdirectgovernmentontrol,
whatever is the productvity parameter This featureallows usto obtainstronger
resultson capitalpaths,andconsequentlyon profit.
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Corollary 4 Assumehat M B, < MCy, V(q,9), andthat the hazad rateis in-
creasingfor all §. ThenL9%(9) > LP(#) and K% (9) > KP(6), V.

Proof. Thisfollowsfrom thefactthatbothregulatoryregimesproduceonthe
sameexpansionpathand,from Proposition6, thatq®%(9) > ¢ (0), V0. m

Sinceinformation rentsare directly relatedto labor usage,it follows from
Corollary 4 that they are higherwith PUC regulationthanunderdirect control.
Togethewith thefactthatmoreof bothinputsareusedthis meanghatexpected
costof productionis higherwith thepresencef aPUC. If demands elastic profit
will beloweronly if the gainof revenueis lessthanthe costincrease. However,
if governmengivesmoreweightto consumesurplusthanto profit (i.e. if v > 1),
it is possiblethat the productiontakes placein the inelasticportion of demand.
In sucha case profit would unambiguoushdecrease.This is shavn in the next
proposition.

Proposition 7 If MB, < MC,,V(q,0), ¢'(8) < 0,V8,v > 1,ande(p(q)) > —1,
Vg € [¢P(0),q°%(9)], thentOk(#) < 7P (0), wher 7% (¢) andn () areprofits
underregulationby a PUC andunderdirectcontrol, respectively

Proof. Undertheassumptiorthatdemands inelasticovertherangelq?, ¢“%|,
adecreasén pricebringsadecreasén revenue. We thushave

p(¢°"(9))a?"(6) < p(¢”(0))a"(0) (55)

FromCorollary4 andincentve compatibilityconstraint®f problemg14) and
(35), we have:

VOE(9) = /0 wz L% (x)dx > /0 wx 'LP (z)dz = VP (0) (56)

whereV Ok and VP arethe manages information rentsunderPUC regulation
anddirectgovernmentontrol,respectiely. Then,(4), (55), Corollary4 and(56)
yield 7°%(9) < 7P (9), V0. m

In general,the relatve performanceof both regimesare driven only by the
factthatthe governmentandthe PUC have differentperception®f the absolute
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pricesof laborandcapital. Underdirectcontrol,governmentonsidersmplicitly
thatthe pricesof laborandcapitalarewq(6) andr, respectiely, while the PUC
ratherusesw andr¢(f)~'. Relative pricesbeingthe same this doesnotimpact
on productve efficiengy. The highimplicit labor price of directcontroltendsto
decreaseutput?® while the low implicit capitalprice of PUC regulationtendsto
increasat.

5 Choiceof Regulatory Regime by Gover nment

In the previous section,comparison®f regulatoryregimeswere madeunderthe
assumptiorthatthe weightsgivento consumeisurplusand profit in the govern-
ment’s objective function were the sameunderboth regimes. Undersuchan
assumptionit is clearthatthegovernmenprefersdirectcontrolover PUCregula-
tion: with directcontrol,it canmaximizeits objective functionusingall decision
variables,while it losescontrol over outputunderPUC regulation. PUC reg-
ulation shouldthus be obsened only if the governmentcannotfreely pursueits
objectve.

Governmentsanberestrainedn theregulationof agiveneconomicsectorei-
therby the country’s constitution by nationallaws governingeconomicactiities
in generalor by bilateraland multilateraltradeagreements.Tradeagreements,
in particular have limited significantlythe power of governmentdo intervenein
marketsfor thelast10 or 15 years. In our model,suchexternalconstraintscan
be interpretedas an obligation for governmentto explicitly or implicitly put a
weighton consumesurplusthatdiffersfrom the onethatit would chooseto use,
i.e. to adoptanobjective functionthatdoesnot represenits true preferences.In
thissectionwe illustratetwo casesvherethecreationof thePUCis susceptibleéo
follow from externalpressuresuchastradeagreementsyn government. We then
illustratethe modelwith theregulatoryreformof electricitymarketsin Quebec.

25Whetheroutputis too high or too low comparedo first bestsolutionalsodependshowever,
onthemarginal benefitfunction.
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5.1 PUC asaConstraint on Government

As the PUC tendsto increasethe productionof the industry its creationcanin-
creasewelfare in the casewherethe governmentputs a weight v on consumer
surpluswhich is lowerthan1/(1 + X). This would be the casewherethe gov-
ernmentwantsto usethe protectedsectorof its public enterprisdo financeother
governmentahctiities or competitive actiities of the sameenterprise?® If ex-
ternalpressureannoimposeanobjective functionto governmentjt canthenask
for the creationof anindependentegulatory body, suchasthe PUC. Alterna-
tively, if governmentcannotcredibly committo increaseats weighton consumer
surpluswhile holding control of the public enterprise creationof the PUC can
signalsucha commitment.

Figure?2 illustrateg’ this point. If governments freeto chooséts objective
function, it putsaweightequalto v on consumessurplusandoptsfor directcon-
trol. Governmentpreferredoutputis theng?(9; ). With the sameinformation
constraintshowever, welfare-maximizingoutputis ¢”(#; (1 + A)~!). A PUC
would operateasif maiginal costwasgivenby the M C*# curve andoutputwould
be ¢®(#;~). If, asshawvn in thefigure, ¢®(0;v) < ¢”(6, (1 + A\)~') andif the
welfarefunctionis strictly concare, welfarewould unambiguouslyncrease.This
is a casewhereexternal pressurenvould preferregulationby a PUC thandirect
controlfor this precisevalueof 6.

26For example,provincial governmentsn Canadaown public monopoliesin alcoholdistribu-
tions. Someof thesepublic enterprisehiave beenaccusedf subsidizingts activitiesin compet-
itive sectorsof the industry suchaswine bottling, with the surplusegjeneratedn the protected

distribution sector
2"For easeof presentationin this figure, mamginal costcurvesarelabeledin thefollowing way:

MCP = MC(q,0;wé,r) andMCE = MC(q,8,w,r¢™")
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FIGURE 2
DIRECT CONTROL VS. PUCWITHa + > 1AND vy < (1 + \)~!
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However, regulationby a PUC could“overshootthewelfare-maximizingar-
getby having ¢%(0,~) > ¢”(#, (1 + A\)™"), in which caseit is not clearwhether
welfareis greaterunderregulationby a PUC or not. This overshootingis the
likeliestthe closeris v to (1 + A\)~!. Thisis intuitive: the closerare govern-
ment's preferenceso welfaremaximization thelesslik ely thedistortionscreated
by the PUC are beneficial. Overall, regulationby a PUC shouldbe preferred

whenEj [7CS(¢%(6;7)) + 7(¢"(6;7))] > B [YCS(g”(057)) + m(¢"(6;7))]

5.2 PUC asan Instrument for Softening Constraints

We now illustratethe casenvherethegovernmeninitially valuesconsumesurplus
with aweighty > 1. In suchacasetheprotectedsectors subsidizedinderdirect
controlasthepriceis lowerthanmaiginal cost. We assumehatexternalpressure
is ableto requiregovernmento keepits weighton consumerssurplusequalto or
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lessthan1,2® but thatit cannotimposethe regulatoryframewvork. To insurethat
the objectie function of the governments strictly concae, we alsoassumehat
theenterprisexperienceslecreasingeturnsto scale. Thesameresultshold with
increasingeturnsto scalewith the caveatthatonehasto checkwhether‘moving”
from oneoutputlevel towardsthe governments preferredoutputreally increases
governments objective function: this is not alwaysthe casebecauséhe function
IS not necessarilygverywhereconcae.

In Figure3 belaw, if governments freeto choosats objective function, it puts
aweighty > 1, which correspondso its preferencesandoptsfor directcontrol.
For agivenvalueof 4, thisleadsto outputqg” (6; ), its preferredsolution. Forcing
thegovernmento changeheweightonconsumerssurplusto v = 1 isequivalent
to force it to considerthe inversedemandcurve asits marginal benefitcurve.
Under direct control, governmentwould then chooseto decreasgroductionto
qP(0;1). If it choosego switchto PUC regulation,the enterprisevould produce
q(0;1) > ¢P(;1). If, asin thefigure,q®(6;1) < ¢ (0;~), governmentprefers
PUCregulationfor this particularf sincethe objective functionis strictly concae
andPUC regulationallows to get“closer” to the preferredoutput. If ¢#(6;1) >
q”(0;~), it is not clear which regulatory regime would be preferredfor this 6,
sinceoneof themleadsto overproductiorcomparedo thegovernmentspreferred
solution,while the otherleadsto underproduction.

28Tradeagreementgenerallyincludeprovisionsfor precludingoutrightsubsidizatiorof indus-
tries.
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FIGURE 3
DIRECT CONTROL VS. PUCWITH o+ 3 < 1 AND vy > 1
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Governmentwould thenchoosePUC regulationif it is advantageousn aver-
agej.e.if Ey [vCS(¢"(0;1)) + w(¢™(6;1))] > Ey [yCS(¢”(6;1)) + 7(¢"(6;1))].
This dependsn the actualparametersf the problem. However, it is clearthat
the higheris v, i.e. the“fartherapart”is the mamginal benefitcurve from the de-
mandcurve, the morelikely is PUC regulationasa way to circumwent external
constraints.

5.3 lllustration: Electricity Marketsin Quebec

In Decemberl996, the provincial governmentof Quebecadopteda law creat-
ing a public utility commissionwhich recevedthe mandateamongotherthings,
to regulate electricity ratesin Quebec. Most of electricity usedin Quebecis
producedby a publicly-ownedutility, Hydro-Quebec.However, to help Hydro-
Quebeaeta licenceto participatein the US competitve wholesalemarkets,the
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Governmentof Quebechasopenedaccesgo the utility’ s transmissiorgrid for
transbordemholesaletransactions. Hydro-Quebea@lsointroducedseparateac-
countingfor generationtransmissioranddistribution anddelegatedmanagement
of its transmissiorassetdo a division, whoseactvities aredeemedndependent
from the restof the corporation. This division is legally forbiddento practice
price discrimination,in the sensehatit mustchage the sameunit price?® for all
transmissiorservices regardlesof the specificuser Hydro-Quebeanaintains
its monopolyin distributionandin domestiovholesalesupply However, govern-
mentdelegatedpricing authorityto the PUC for theseprotectedsectorg® aswell
asfor thetransmissiometwork.

Beforethis regulatoryreform, therewasno independentegulatoryovervien
of Hydro-Quebe@andratesweredirectly approredby thegovernmentaftera pub-
lic examinationby a commissiorof the public legislature. Combinedwith access
to hydro resourcesthis regulatory framenvork hasmadeHydro-Quebee rates
amongthe lowestin theworld. Accordingly, ratesof returnon equity have been
dismal:from 1989to 1995the nominalratesof returnrangedrom 3.3 percentto
8.4 per cent,ratesthatareroughly equalto treasurybill ratesof return. In fact,
Quebedhasthe capacityto keeplow electricity rateswithout having accounting
deficits: thisis becaus€5% of electricenegy is producedfrom hydraulicre-
sourcesand productionsites have beendevelopedin ascendingorder of costs.
Throughownershipof Hydro-Quebecthe governmentcould thusenjoy anim-
portantRicardianrent, but hasalwaysdissipatedt throughelectricityratesbelow
maiginal cost. Bernardand Chatel[2] have estimatedthat the applicationof
mauginal costpricing insteadof the obsered price, approximatelybasedon av-
eragecost,would have increasedsocialwelfareby C$270to C$530million per
year in constantl980Canadiardollars. BernardandRoland[3] have shavn that
this propensityto dissipaterentis consistentvith a majority-ruleequilibrium.

29This priceis to be setby the PUC.
30Thisis to be contrastedvith Francewhich, asaway to complywith anEU directive on third-

party accesgo transmissiometwork, hadannouncedhe creationof a PUC which will regulate
only the price of transmission. Distribution pricesfor protectedserviceswill continueto be part
of aserviceagreemenbetweerthe publicly-ownedutility andthegovernment.
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Suchpricing policy andits ensuingwelfare loss shavs that the government
did not maximizewelfare andratherpreferredto favor the electricity customers
at the expenseof the public utility profit. In termsof our model, this hintsat a
relatively high weight~ in the governments objectve function. However, one
canwonderwhy sucha politically popularpolicy hasnot beenmaintained. In
fact,in spiteof the worldwidetrendof electricity market restructuringtherewas
no internalpressurdor reform. The governments motivation wasratherto in-
surethatHydro-QuebeanetUS regulators’criteriato be aneligible selleron US
wholesalemarkets, while minimizing the impacton the domesticmarket. This
wasshawn, in particularby efforts madeby thegovernmento corvincedomestic
consumershatpriceswould bemaintainedow in Quebeé' andthattherewasno
planfor privatizingHydro-Quebedn wholeor in part.

NeverthelessUS regulatorsrequiredonly warrantiesfor non-discriminatory
accesgo Quebecs transmissiometwork. Therewasthenno formal obligation
to createthe PUC. Furthermore,f the aim of creatingthe PUC were strictly
to signalnon-interentionin transmissiorpricing, the mandateof the PUC could
have beenlimited to thetransmissiosegmentof themarket. As experienceshons
thatgovernmentof Quebegutsaweightgreaterthan1 on consumesurplusand
sincethe Quebedydro-electricsystemoperatesinderdecreasingeturnsto scale,
it seemghat Figure 3 would apply to Quebecelectricity markets. This would
suggesthatthe PUC wascreatedn orderto maintainthe lowestpricespossible
in domestiomarkets.

6 Conclusion

Whenthepresencef thePUCdoesnotimproveinformationto governmentsplit-
ting decisionvariablesbetweentwo principalsincreaseghe costof limiting the
informationrentto the firm’s manager As aresult,the informationrentwill be

3lwhile the governmentlelegatedprice authorityto the PUC, boththe governmentandHydro-
Québecmadethe commitmentto freezeratesfor a periodof 4 years,i.e. to refrainfrom asking
thePUCto increaseaatesover the period.
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allowedto be greatemwith a PUC thanunderdirect controland, sincethis infor-
mationrentis positively correlatedo output,this will alsoleadto anincreaseof
output. Thereis thusaninherentinefficiency in PUCregulation,andthe govern-
mentwould neverresortto it if its objectve wereto maximizewelfare.

However, this tendeng of PUC regulationto increaseoutputcould prove at-
tractive whenthe governments objectie differs from welfare maximizationand
whenthe governmentis not entirely free of its choicesfor ary reasonssuchas
constitutionalrestrictionsor tradeagreements. We usedtwo casedo illustrate
this point. First, if the governments objectie is suchthatoutputis lower than
the welfare-maximizingone, creationof a PUC could be externally imposedon
the governmentin orderto rectify its biasfor low output. On the contrary if
the governmentprefersan higher output than the welfare-maximizingone, the
creationof the PUC could be usedto softenconstraintghat would be externally
imposed.

A numberof extensionsshould be broughtto our analysis. First, as Pint
(1991)alreadymadecomparison®etweera directly controlledpublic monopoly
andaregulatedprivatemonopoly thereremainghetaskof comparingaregulated
public monopolywith a privateone. Fromtheresultsof Pint, it canalreadybe
inferredthat, underregulationby a PUC, a public enterprisevould differ from a
private one not only with respectto allocatve efficiengy, but alsoin productive
efficiengy.

Secondjn line with mostof the principal-agentiterature it would beinterest-
ing to considetthatthePUC (i) improvestheinformationavailableto government,
but (ii) hasinterestsof its own thatdiffer from thoseof the government. Conse-
quently the PUCwould try to benefitfrom the informationit gathersandwould
be ableto extractaninformationrentin the sameway the manageidoes. This
could eventuallyresultin coalition betweenthe PUC andthe utility. Suchan
extensioncould possiblydrav onthework of Laffont andTirole [6].
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Appendices

A Proof of Lemma 132

Letting V' (9) = V (9, ), we getfrom (8):

A A ~ ~ ~ ~

V(0.0) = V(0 +w|La@), K0).0) - La@), K0),0)]  (67)

Incentve compatibility meansthat the managemasan interestin truthfully
reportingthe parametes. This canbetrueonly if the utility of the managelis
greaterwhensheis honestthanwhenshelies. From (57) and(2), this implies
that

V() > V(0,60)= V) +w |0 g@) KO — 07 g(0) 7K (0) /]
(58)

Reversingtherolesof 8 andd in (58), we obtain:

V() > V(6,0) = V(6) +w [079(0) P K (0) 7 — b q(6) K (0) /]

(59)
Combining(58) and(59) yields:
w (67 () P K (8) — 07 a(0)" 7 K ()]
< V() -V
< w (b @)K (O) 7 — 07 g(0) /P K (6) ] (60)

Dividing by & — # andtakingthelimit asd — 6 we get:
av(6)

g = w0 "a(0)PE(0)77 = —wd ' L(g(0), K(0),0)  (61)

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

(Necessity)From(60)

A1 A1

w@  —07)A (@), K@) <w(@  —67)A(a(6), K (6)) (62)

whichreduceso
Ag(d), K () < A(q(0), K(6)) for b < 6 (63)
whichis equivalentto condition (7).

Now, dividing all termsin (60) by # — 6 andtaking the limit asé — 6 we
obtain:

o) _
S = w0 A(0), K (6)) (64)

Integratingyields

Vo) =V )+ / " wa2A((z), K (2)) (65)
whichis condition(7)

(Suficiency) Letd < . From(8) andthedefinitionof A:

A

V(9,0) = V(0)+w|La(®),K(6),0) — L(a(h), K(6).0) (66)

A A

— V@) +wd  —0)A(q(0), K(H)) (67)

Substitutingfor V () from condition(:)

G o

V(0,0)=V(0)+uw / £ 2A(q(z), K (z))dz +w@® —07)A(q(h), K(9))

(68)
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Substitutingfor V' (6~) from condition(7)
V(0,0 = V(O —w / ’ 2 2A(q(x), K (z))dzx

+w [ 2?A(g(x), K (x))de +w(@ —07)A(g(d), K (6))

- V() +w / o [A@(®). K(0)) - Ag(@). K(@)] d= (69)

Undercondition (i), this lastintegral is negative sothatV' (6, 6) < V' (6).

C Binding Labor Monotonicity Constraint

In this Appendix, we explicitly take into accountconstraint(38) while solving
problem(35). As the solutionoverintervals of # for which the constraintis not
bindingis explicitly derivedin themaintext, we focushereonintervalsfor which
the constraintis binding.

The treatmentherediffers from the onein maintext in two respects: first,
sincethe constraintapplieson effective labor A ratherthannominallabor L, we
solve this problemin termsof A. The solutionfor L is thensimply given by
L = #~'A. Secondratherthansolvingfor capital K anddeductrequirediabor
for producingg from function A(q, -) definedin (10), we solve for A andthen
deductthe requiredcapital for producingoutputg. This is againbecausdhe
constraintappliesdirectly on A, while capitalusages unconstrained.The capital
requiremenfunctionis obtainedby inverting A(g, -):

K(g,A) = Aaga (70)

The constraintapplyingon the derivative of A, we treatA(#) asa statevari-

ableanddefinea new variable§ () = A(6), which becomeshe controlvariable.
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Problem(35) canthenbewritten underthe following form:33

max /6 _ [wb T AB) + rK(A(6), q(6) + vV (0)] dF(B)  (71)

st V(0) =wh 2A(H) (72)
V(eT)=0 (73)
A(6) = 6(6) (74)
6(6) >0 (75)

Letting superscriptC' R denotethe “constrained’governmentproblemunder
PUC regulationanddenotingby ( the costatevariableassociatedavith constraint
(75), we form the Hamiltonian:

H = [—w6™ ' A(0) — rK(A(6), q(0)) — vV (0)] £(8) + n(0)wd~>A(0) + ¢(6)6(6)

First-orderconditionsarethengivenby:

CR
((0) = —MgA =[w0_1+7“KA}f—77w0_2 (76)
) aHCR
Cn = = 77)
R
e = <0 0w =0 50)>0  (78)

CalculatingK, from (70) andsubstitutingnto (76), we get:

() = [wal — ri—ﬂ f—nwo=? (79)

33Thetreatmenherefollows Laffont andTirole [8], sectionAl.5.
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Considemow aninterval 6, 6] for which A(9) = A. Since((6,) = ¢((fs) =
0, we obtain,aftermultiplying bothsidesof the lastexpressiorby A, substituting
v(1 — F (0)) ton(d), andintegrating:

0 _ B

/ [wa_lj_\ — @K + Mwa_QA] dF =0 (80)
0, o f

SubstitutingL(¢(#), K(6),0) = 6 'A(q(#), K(#)) = 6 A, this canbe written

as:

/92 [wL N ML] dF =0 (81)
9, o 0f

Note that this condition can easily be relatedto condition (40): while this
latter requiredthat the integrandof (81) be equaledo zerofor eachf, hereit is
only requiredto be zeroon “average”ontheinterval [6, 6], over which effective
laboris fixed.

D Binding Output Monotonicity Constraint

In this Appendix,we includean outputmonotonicityconstraintin the PUC prob-
lem andsolve the problemby following the techniqueusedin AppendixC. Out-
put ¢(#) is taken asa statevariableandwe introducex () = ¢(#) asthe control
variable. The PUC problemthenbecomes:

q(9)
max Ea{’V /0 p(z)dz — p(q(0))q(9)) | + [p(q(8))q(0) —wL(Q(ﬁ),K(9),9)]}
(6) (82)

K
k(@) >0 (83)

Letting £(6) be the co-statevariableassociatedvith (82), we canwrite the
Hamiltonianfor this problemasfollows:
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q(9)
HOM =+ [/0 p(z)dz — p(q(8))q(9)) | + [p(a(8))q(0) — wL(q(8), K (6),0)] + £(0)x(6)

First-orderconditionsare:

. 8HOR , wlL
£0) = ~ 4@ [’yp+(1—7)(pq+p)—ﬂ f (84)
aHOR
B (0) = £00) <0 £O)k(0)=0 K(60) > 0 (85)

Considernow an intenal [61, 65| over which constraintg(f) = §. Since
£(61) = £(02) = 0, wefrom (84):

02
/ [’yp+(1—7)(p’q‘+p) - Z—ﬂ dF =0 (86)
01 q
This canbewritten as:
_ w [
MB(g) [P (02) = PO = 5 [ L@ K@O).0F @D

whichis equation(53) in the maintext.
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