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jX,aSTRACT 

This ptlpcreXtllnitlCS 111(,.1 rehltiotlShip 'behVeen:pri ce .. ctlp rcgubHiml. and, the 

reliabUfty of snpplycf a private 11lOlloll,oly. 'l\vositmltlons ·OJ'C' considered: 

one lll'wbicllt'tdiabiljtyisexc{udedfh:nll the price .. cap~ nnd one :In which'it 

is illcitlded, IfreliabiHt:y tsexcJuded, it ,is sho\,~1. that there lS tl tendeuc.y 

fotthel1nn to proteclprofft,s 'by lo\ve.ring reliability \vhen cost illcrenscs 

11105t be absorbed. \Vherens ifreHahililvis in.cluded then this tendeucv IS -, ,. '-!II< " • 

elhl1illated. Ii()\ve\'er .. this inclusion createsaninc,cntivc nil' the '!inn to 

exploit the posrth'e relntitmship hetween price and reliability );"vhen cost 

increasescnn be ptlssed Ott 13ut 'this problc111 can be cOlttroHcd by 

Io\vering the exogenous \\J"cight upplted to reliability itl ,the IJricc--cap 

f0l111Ulu, 



INTRODlICTHIN 

It is cleat tbatthe nlahl l!bJecti'Veofpdce.-cap regulaUolliEl t{l protect 
eOllSUtller.s 'irt)Jll exc~ssive price increnses. 13u£* nsrecognised hy Vickers 
:lllo.Yarro\v (l988,1,lhfs.Jbcus;()upl"lce shouldl10t be 10 tb,ec;1{clxlslon.of 
the (luaJityof suppiyl!becuuse a 'teductioll inquaJityof' s~rvjce\\~ould be 
tanla.monnt to all increase in price ,t· rp.2a7)" l)uniculady ill 'dtecol.1text of 
electricity supply~ this ;lssue ofqualHy of supply Ims he en. formalisqd J11the 
notion ofraliahilit;y: the Hkebhoodofcnpacityexcecding demand 
(KleindorJ~r and Ferllando~ 1 (,)93). Ho\veverilt although the lssue ur 
relutbility has been'CXnlllUled to somee~tent in the literature (,'Itt the 
f)nsitivetheory (\fpublicentetprise (Fraser {993a)" apart fronl {1 b.rief 
dlSCll,,<;sion by "Vickers .nndYarro\y (19,88, C:h9) it has notbeel1COnSldcred 
Hl the ~ftnt\!\l elccuJcu~ pnva.tJzanonand ptice .. cap regulation. '1 

R.t!ccntty~ Bnmungulll and Panzar .( 1993) suggested thatpnce",cap 
regutatlOtt 'tis a class\.ccasein w'hich practice is Jilr rtbend oftilc()ryli 
ip, 197}, and Hl this context it is lllterescl.llg to nt1tefrOlll ,\braham 9199l} 
III relation to the regulation of Telecotn .Australia bv A1JSTEL that as of ~ 

. '. 
July 1992 the version of pnce-cap re~rtllation used "includes a qual.ity of 
serVIce prov1sion \vhich allows AUSTEL to judge the price of n servIce to 
have increased if the quality decreases "(p. 7),2 

The aim of this paper is to contribute to the understanding'C)fthe role of 
quality in prlce·.caprcl;.rulnbon byibcusing explicitly on the issue()f 
reliability, In particular" it is jl1t~nded to eXall1ine J10\\' the pnvuuzedfinll 
evaluates the trade-off o.etween prlc.e and reliability for .consumers Hllhe 

('ace of price-cap regulation. 



In thiseontexth;\~o 't~l'e.s.ofpdQ.e .. ttap'iregutntiQn 'wfU b~. e:~anlltIed;on~ 

\vherethe regulatots:prj cc--cap constraint .1noludesouly thetlrtnts pric.~: the 

t).t11er \vhere r~Jiabi1:ityofs\lpply isnlsoincluded in t'heprice ... cap 

cotlstra.int 

The struclureof;the paper 'lsnsfbll()\vs: SectIon 1 sets ()uta sirnple :H1odel 

l)fn· pttv,atiz.edtnonopolyflI'll1 setting price nnd eapaeityitrthe thee of 

'\nlc~ltnjn denlutld and plic,e",capreguIationwhieh fenturcs(ufly the finn's 

pd.ce. This'lnodel is the subject of a tltunericaianalysisin Section It is 

ShO\vlllhat the.e:~cluston ofreHabHity frcnn the regulutor~sprite .. cap 

foonulu ,IS not necessanly delrirnentnl t.OCt11l51Ul1erS tn pnttlcular~ Hllhe 

~onteNt of eost lflcrenses" if the tirnl lS pennttted to pa.ss on t()COJlsmners ,l 

proportiollofthecoS(IJ1CreaSe sufflclentnt least tOlualntanl eXllected 

pronts" lhenth.e associated Jevel of reliability \¥Hlbe increased. ThereJbte .. 

ttl this situatit)llCOnSmnersare 10 someextentcolupensated for thepl'lCe 

:increase by greater reliability,Ho\vever:. ifthefiml is fotccd to absorb the 

C{lst increase :{'o lhedetrunent of its Jevel of expected pnlfits .. lhen the 

flnn~'s respollscis tomulimse the 1l1SS ot" expected profhs .. then tbe tlrm's 

response 15 to :rninUTIlSe the loss of :exp.ected prnill's by h:nverulgcnpaclty 

andhence~ the associated IcvefoftcliabHity.Consequenty .. in this 

~ittlaUQn the exclusIon of relmhility front the price~cnp fonnula rnenllS that 

nlthough :conSUlllcrs are largely protected fronl the cost Ulcrense'" thls 

pro te Ctl on is at tbe expense oflo\ver rehubihty 

SeclJon3 redevelops 'thenlodc'l ofSectton I to ulclude ulTIodrftcdpncc ... 

cap constraint feut1.lrlng both pnce nnd rehnbility nfstlppJy In SectIon..{ 

this nlodelis subjected nnumenealaualusls hased Olllhe nptHlml 

response offIle Jirtnto a eost incrca.se in order to provide result:s \\1hich are 

C{)I.l1panlble tt) those 111 SectlOu It :js s!lo\vn thntltlcludlng. rehahlhty of 



supply tllthe'·ptlc~ .. 'Cap·tonllulaelilnitlares'(fie.:probJetll oflo\vcr reliabIlity 

itl the situauon\vherethe :fill}) ,IS reqturedtoubsorb rhe cost tflercnse to th0 

detrnnentofprotlts.Ho\v,ever,. tln~, incluSlmlorteliubihty .15 {lISt' shn\vn to 

createnne\v 'Pt'obleln nfover-.pricing nl the situatlOll 'where theilnn JS !lot 

required {<,absorb thcciostincreasc. The'papercouclud.es\vtth n brief 

sunllllary. 



"','E~·C,':Ij'T" If"N '''"''IN' :1':. "t~r-l:E" ,,1\;1' ;1f:",\hE'~,'I' '" :}'")'PI"'l'A>:t')'I'l' ""'l.""r<\1' l:.t''',\r''t~ml''f'\ S ", v; (J,'c. J J')" ,) l.~ ,V),d w/<" .., ,""",,:~, "'D,, ' 4, "I, .~,:t.,;;.;(\,\.,;.,~U.k1, ,.;Ii'; 

'rhe !lllodel is bnsed ont'htlt,contuiltedin F.rascl~ '{1993a:)alld nssmues:thnt 
the lUOllopobrflnnproducesasingJe ,nutuut '\vtuchJS subje.ct ttl :unc~rtaHJ,: 
dema.nd, lhetlnll,ts. l1bjeetiveislo nUtXJnljsea~p¢eted 'P'tofits by the; 
optlmnl'cboiceofcnpupityto satisfY demand \\thich is. itselfdt:!t~nnillJ!d by 
pJic:echoseJl aS~l ulark,.;upoJl the average 'vat:iab:le cost¥)f llroduc(ion~ thJt 

subj~etl'optic,e~cup !,regulntioll, 

SpecHle,rdly~ d(;ltnf!!ld(dl is nt1ltlctl()o' (If:ptiee rp) subject to u 
HlultipHcntlve di.sturbance etl;: 

where: Ban ,~~ 1 

gf,p) M(' 0 

t\. :;cahng constant 

Sales(slwill be the lesser ofactual dCl1ulud ,and capacity tk), 
Consequently ~expected sales (E{~n)nre given by: 

k ~ 
E(s) == J 1'\(4!{p)f(lJ)dO+ J kf{ll)d(} 

o k 
( .:!') 



.(3) 

Therefore~e:'\pe.cted proJitst E( n:)nre giv.etl by: 

where: r:::: per unttcost of.capacity. 

SubStltt}tiJlg{3} intor 4} alldsimpJlfying gives: 

The prlce-cnpconstraintcun be wntten a.s: 

where: Po histoffcal pnce 

b~x := regulatory pnrmneters, 



Note: that b rel.ates lo·geueml infTaUannrYGtlllditions lie ltt'Hwhile.x 
J~~lntes :toilitlU"'specif1C;C(}steltunges.illwbat lbUo:\ys, general itlf.latlun 

wIll b~ nssunlcd ,ttl be zorn sotllal the\/:du~ orb \:v:HLbe seJequnl10 unIty 

l\.1oteov~t'lf the \~Juc; (leX \vrU dctertlntlethee~tetlt to u41icll,the JlrUl JS 

permltl~d to pnSS(luto ;CmJSLUlle,r;s, slloci!1c . cost ItlCr~aSes( ie .~ U 1 in the 

1:bnu ufhigher 'prices utllnt pas,s bl1specinccost reductions tie };, el) 

f ](1, 



'wh~re l~(k) ~cnlnulative ptobubility()f' oapucityexceetiing delnand 
(ie. reliubHit)!). 

( 11') 

{S).may beremruugedto give.: 

f 11) 

where: Cs elasucity nf expected sules\v.ith respect to prIce. 

'The first tenll in ( J 2) represents Inarginal expected prolll {hun Hlcrcnsmg 
themark .. up. On the assuulpUOU lnnimaincd in \vhat IhU.{)\\s lhtnt.he pnc\! 
t!lashcity of ex peeled sules. lS less than '(lreqt:Ull to one." this It~rn) \,,1lI 
nhvays be posltivc, so that the pnce",cupcOllsttt.llllt win nl\\'lJ)'s he hludinl!. 
In this situariou1\ thefinnfs ltlnrk .. up can be dcterluined from the cnl1strnnlt 
f lO),,\VHh rS) Yielding the shadowpnce of'thecoustratnt (~I) and <c') 
Ylelding optunalCt)pacHy and Us assnCHlted level ofreHnl:,Hhty. 

Consider no\\' U sltuauon where the lirm c:'\pcnences anmCl'cnse In th(! 
avernge varlable CO!{t ofproducUolt say due to lhe unpostlion of a t,;athnn 



tnx.3· Iftln, llnn is permitted to PilSSOH toconsuniers ~l'].·ofth.iscnst 
increase tb.el1: 

nnd on theb~lsi,s orCIO) tbe flnn*s nnlrk ... up \vould rcxnain IHlchanged. 

tv1oreover .. \Vlth an incrense,llicnnd ,:., unclmnged~ (9)' requires capacity to 

be udjustedso that reliabJlity IS increased (FCk», Note"llO\\eVcr. that.wuh 

expected sales reduced by the p.nce. Ulcrcnsc" its llllpacl val (9) t}ll optlmal 

capac.ity is mnblgm)US ,)5 the increase Itl relinbtlityc(1uld he achievnhl(!' 

\vilb less capacity.Neveftheless~ it is clear t:hnlin the sltuatlon \\there the 

finn can. pn.ss on t()COnSU1tH~rS aJlot Jtscostjncrense~ the undeSftnbJc l fbI' 

conSUlllctS) ill1 P act ()llprice is to S01110e:xtent cotnpensutcd Ihr by an 

trt.crease in reHtlbility of snpply 

In contrast. rf the 'f11111 IS requlred to absorb all nfthe cost lncreas~~ then.x 

IS zero m1d so the uUltk",up UHlst he reduced such HUH: 

<14 } 

N1nrGover~· sjncc~ 

( f 5) 



t) 

it fbUQ\vS fhnt~ 

(16) 

and on (:hc' basis of(9), optfnmJ cupacltyis reduced\vl.th an assocIated 

dcorcusein reliahility. Consequently) Ullh()ul~h lhecollSUlnet docs l1()t 

experience any pti,ceincraase JbUowing the:incrcase in cost~ the tlssociatcd 

loss of reliability means that the COllSlllner is uOlptotected entirely Ih')lll 

the cost increase. 

Considered together.., these results imply that for a gIven percentage 

increase in c there must be 11 snmller value nfx\vhich., 111though reducmg 

t.he rnark",up,Jneaus that the value of ',,,cis nnchanged so that on the basis 

af(9) reliability is unchanged. Thi:l value of x represents the llllninlum 

contributH111CollSUtnerscan lnake vin the payment: of 0 higher pnce to 

lllaillttllnillg th.c fi.nn's expected profits in the face of the cost increase 

\vithout ncgattvcly affectrng the ralin.bitity of ser'·vlcc.Ho\vever. whether 

this c()ntrtbutJon fS sufflcienl tomn.intain expected profIts at or above thoir' 

initial level is unclear. In parttculnr~ (5) sh()\vs that although net operatwg 

revenue peruIHt of expect.ed sales lS unduulged \vlththls cOlltnbUlJon. 

because of the higher pri~e not only ~xpecrcd sales hut also the associated 

optunnl. cnpucHy (col1sistentwith constant rcliubiHty) are l()'wcr 

Consequently" these changes overall have an nualytlCally nnlbiguous 

unpact 011 expected proilts. Ne\'elthcless~ it is clear n-onl (2) that the 

relationship bchvee.n the value of:\ whIch fnntntain!) rehnbHity and the 

vnlue whichmumtulHs expected pronts \vHl depend both nn the 

responsi.veness of demnnd to price and on the uncertainty ottlGllHU1{L 



10 

iVfot:ivntcdby this unalyHcnlamhiguity (and: the tunbiguity regarding the 

'ldjustllJOn.t to the optimnl copncityinthecase Off!r'~~AC xh the n~xt 

section 'will undertake n uuulericul analysls of the model ()ftbissectiol1" 

Such an mmlvsis \villnot on.lvcIudl\' the role of'the value n1" x.tn 
• ",,', "'. "II!' • 

determining the rclnU()f)ship bet\veen rcliohiUtyundexpected pr{)Hts1l btu it 

\vIlt also reveal the s~nsjtivJty of this role to key parutJleter vnlues: 



SECTrON TWO; NUMJ!HICAL ANALYSIS .. REL:tABJIJTY 
:EXCLIJDED 

To suhject the 1110del of Section 1 to a llutllericaJullalysis" ilnlctionaf fbnns 
for the respollsiveness o.fdetnand to price and :for theuttcertsluty of 
d.elnan.cinre .required. 1l1:\vhat follo\vs :it iSaSSUIl1ed that dClnQnd features a 
constallt elasticity reI atl ouship 'with price: 

{J I) 

\vhere: e =: elasticity of expected dCIUand\vith respect to price, 

In addition~ it is assumed that the distribution .of e is nonl1uL lhis 
tlSsnmption t'neanst11al.eXpected sales are given by (see Fraser c 1993a); 

\vhere' d' Ap .. t-~ ex'pected demand 
ad if 0'8 standard devintion nfdemund 
aa standard deviUll()l1 of e 



Fil1UUy:. the 'fbthl\Vmg ptltUlnetcrvahlcshn,ve beenoho,setl to reptesent fl, 
H~:>~'l'SB' ',I''','i'lS.slt, ,Pl" ,"-' ,"""(,,,~ , 

A )000 

*~ (LS(} 

Co 5 

Po IS (7. 

0-0 DJO 

r :; 

Note that Ihcsevalues nnply .. 

ko ;;;;: 258,20 

F(koj=0.50 

EtnoJ 982,01 , 

11 k' 

Next. consider n s.1tuntioll\Nhete the 'fin.11 experiences u specific 1l1ctCaseUl 
the average vmiablec{)st of prodnctlollCC)of 20~o Table 1 gr\'es detmls 
nfthe 1111PUCt of this change on the key variables for lour difr~tent valu~s 
of},:. 

The results in Table 1 'conlinn that if the Hnn lS llotpennltted to pU5S0n 

tneonsumers any of the C(}st Increase (Ie. x 0). then lhe rehnhiJity HI' 

supply is reduced by n reductlCltl In oplll11alcapacHy (tmd ')n expected 
prof1ts,~ hut If the Hrul 15 permitted to pass on all of the 200 'tJ Inen~ase then 
reliability 15 increased. ~Ioreover., the resuits ludicate that a \ulue of x . ,t 
{l ,6 7~b is required for reHubHity fbr be rnmntatneciallts ulttinll~vcl {le. 

050) How,ever. the resuhsalso suggest tbat ,n biphor \'alue of x, tie. 
~,7(i~o<}ts required fhrexpeeted profits to betnnultamed 1ft thelT .untial 



level.(ie~ 982.01l Nevettheless, Hllhis situation constuners ate to SOJue 
extenteOtllpeilsated :fbr the higher associated JiJrice \vith ail ~ncrens'e ttl 
t~eliabilityfrotll, 0,.$0 (0 ll,5t4 Final1y~ theresnlts suggest that~ inlhe 
SltlltUIOn where aU the cost in.ercnseCtltl be l~ass(;ld OU'!> the Jlegatlve hnprlct 
of the rcdllCtlonintietnnnd fhl10wingthe p.tice·increaseclendy dOlllinatcs 
thCIJ()sltivennpaetllftl1e iucrenseinreliabdity in detel1111uing the 
adjustment lnoptullOl cnpaoity 

Consider next the scnsitivityoflhe results to the Jevel ofdenuunl;elasticity. 
Ttl,ble 2 ,coutnms dettuls(}fthe results ifhr sUuatIons ofnlore.nndJess elastic 
tlenUllld, Acurnpatlson of the results ttl Tables land 2 suggeststhntthe 
reqllirernent f~lr ''':\ to be larger tnnuuntaltlexpected projlt~ than tn nuuntaul 
reltabihty IS robust wtth respect to the level (if delllandclast'l(!lty 
Nevertheless" the resuItsm Table 2. suggest that the lesselastlcis dellmnd 
the closer 'are the l\vovalues 'Of x ttl questio.tl~ lIo\\,'ever" the results in 
Table 2 also suggest that the direcuon of adjustnlent ofopunl':lIcnp~lctty in 
dIe ,case of x 20° () IS 1h)t robust\vnh respect to the eiastltlty uf denmnd, 
In.parttcular~lnthe case nfe 0 Inptunal cnpnclty wnh :\, ~UOit HUlst 
~xceed imtud optrmnlcapactty .m order to achteve the level of rehnhdny 
\vhich saus'f1es (9). whereas ullhe 'Other hvo "uses .ft n 5. u til the 
re\~erse is tnlc 

FiI1alJy~ cOl1std.er the ~ensitlvilY nfthe l"e'SUltS in Table 1 tf) the le\'cI of 
deluand UnCCJ1UuU}', THble ~ t:ontmns detads of'the results t'br a SHIHlHun 
nflnore ul1certmndenlaud {on u 50 Ulstcod ()fO 3tH ACntllpanHtHl HI' 
the results ttl 'rabies 1 and 3 shows that the requltenlent f()f \: In he larger 
to JJUllntaul expectedprntits thUlllO JtUnntaul reJlablhty IS aiso robus[~w1th 
fi!.spect tOlhe level nfdoJlland tH1Certn111ty 'In purttcular~ there IS only a 
,\'CiY slight dt~cn~ase U.l the \'.illu.e nf x reqUIred to llliuntnJUexpecl'cd ptullts 



14 

t :tJ,'oln7,'1;6~;& to i,60Qd'),; despu:e tbe r~latlvel~}l~trge lJ1Ci"¢useil\ the level of 

dell1a.ndtlllcertainty. IlludditioJl .. 1he :results in . Table 3 sugge:st dHlt tbe 

ilirechot): of .udjusttrtent ofoptnli~\l capaCity in the<cnse'of x 2n~h is :dso 

not robust \vrtb. tieSpeClt to the level of de,mand lU1C9.rttUllt'y" \vlth t)ptllllnl 

enp;}.cny snlaUerin tbe caseofao o 30 and larger indle :cuse :0'1:.0'0 

t.tSO. 



ifreHttbtlity IS notulctudcdin the pncc,,"cu-Ilcollstrilinttllcn tluswnswritlen 
ul5'ecuolll ~\.s: 

Po histo.rlca.l prlce 
b"x regulatory parntl1eters 

~Ho\vever, ifrcllabihty is 1'0 be illcluded lli the; pnce .. cap ,C'OtlSlraiu{ then rhe 
constraint neeci'stll be r\l\vt1tten ;us: 

where' n~l., \V2 exngelHltfS \\e1flhts 

l":(koJ lustoncallevel of r,ehabHHy 

ASlu Section I. b reln.tcs to the lIenel:illlu\'etof" ntlatloll (Ie 1{Pl)\\h1C h IS 
assulnad tn be zero !ilt] that bl~ !:,ct equal to lUIlly ~'1on!o\'er .. lhc\;llue Hf 
'X rclntes to lirl'n-specriiccostchangcs and: it\VlU dt!tcrlllUlc the ,extent: tn 
\vhich the lif1l1lS pcnnl.tt:Qd to pass on tHCOtlStnJICrS specdiccostll1Ct:C:lses 
He 'X' Ul in tho 1(lftn o'fhtgherprJccs or lUll pass on specJriccost 
reductIons {lex" fn forcxarnple., tffh.e finllo~perlences tl.CdSl JHcrCnSe 



but xis set equal tOZtUX1,t,h~u "(lO} shows 'tilnt luifcss the l1Hlrk~up is 

tedllc,~d; 10 tlhsQrb 'fldly the' 'clf~ct ioffhe :cost Ulc-reasc'on,pd,ce"Ulenrm 18 

requjl~ed to UlCtX;Use rcUnbilitytonnc~ten.tc0J1S1stcnt lvtthtbe 'C.~ogellous 

\veights[ \\1 l'l\V~), 

whieh implies the tbno~vulg firstorderconditioJ.ls: 

f13.r s) ~ fl' '{''': L ',t " ' i~' 'k" '.i"( k {' l',:{ k~ 'J 1,2 "'''~-~I~Ci. -""'(',I\.l,-f +rW'2·.{",~)1·' ','oj" ~ ~ 

\\'llCre" n kJ ,( 1~'( k },t k, 

Combinln.g equ.uuonst:!1) and (23', and ,r<larrungmg gives 



[,,:4uatiou .(25) SI10}vs·thattho J1nll:l,nn:xhlllSeSeXpectedptofitsby bnlnncitlg 

the ularginnlcllntribulloUS to lbese;profits()f nhighernlark .. upot increased 

capachy'wjrhlhe Inarginuli,mpnetofthese changeS01l1he firulfS pdce~cap 

~onslraint. InpatticuIar" lIte UWl1ctator ,of the left Juuldsidenf',{lS)can be 

rearranged h) give: 

f2o') 

(~S ~ elasticity of expected sales \\lJth respect to prlcc1 

so that on theaSSllnlpttOn" made It) Section 1 (}fthis paper" thn.t 

it follows that 111argjnaf expected prof1t tj'01l1 increasing the Jnark"uIl (ie. 

r26}) is al\vays positive" Given that the right-hand side of(25) isalwnys 

negative~ It follows that the Hnn's optilna,j chc.lices are churactcnsedby: 

)"ctl- FikJ) r 



lte.J:erellCO ttl Secuon 1 sho\vs nun., lll111esifuation w~her~teHahi.lity is not 

Iucluded 111· thel1ttns, prlce"'c.~lpCOnSll'aitUi\ Ib~ pptinlill ~ntuntJ()n lS 

characterised by: 

C,t1tlsequ~nllYlt Ill,though uothjngCQIl heutibl.rcd fr{)n1 a J;t)lnp.anson uf tl7) 

andf281~lbout.{helt)putof lllcludulg relrabiHty in the l)rjee;ocapcnJlstraint 

dtllhe;t.111n·s optutxaJ ltlork .. up, \vhatcanbe seClllsthat.cer£fris pelt/bus. 

the '1~1111 wl.th tellubdity lllcluded in Its ptiee .. cnp constnUtlt \vtlt as a 

cOllsequellce~ feature a higher level of rehabHity. 

tv1t)reovct\ H IS this difficulty ttl detenniningunnlytically the Illlplicunolls 

lbrtheHnn's ,optima'! cllOicesOl'lllChlding reliab.ility 111 the pnce--cap 

~{lttstrault\VhlChlnalivates the IltUll(!llcul.nnulyslS nf the 11e~t s~eti()n 



STECTIONl~OlJR,: NUMJ~RICAl~ I\NA.LYSIS ~RliL:l;\J3rrrY 

rNCLU.DED 

Recalling thef3aseCase results of Sectlon it 'wassho\vn that for a firm: 

\\ihichis subject to 11 pciae·c.ap constraint: "whichexcludes relinbdity the 

Bas.¢· Case pnranleter 'Vnlue.s imply the linn is constrained :to ch.oosUlg a 
nHtrk~upequal to I\VO (/~ 21und its()ptbnnl~cnpacity~tfldass{)cwted 

l'elinbUityare ns ibJltJ\vs: 

k 258.20 

FCk) n.so 

which gives: 

A.soutHned in. SectIon the lntt()ductiotl of reliabilIty Hlto the liun ts price ... 

cnpconstraint lllodifies us 11rst'ordet c{Jtlclitlons for lllax.iultzlttg expected 

protlt\ subject to tlusconstrnint to lhose glven. by (24) nnd (25), Solvmg 

theseequahonsllu.merically wuh the lldditio!l of: 

Ffkot n 50 

to the buse case parmnelcrvnlues unci settIng: 

x 0 

WI 07 

tv') oJ ... 



gtvesthe rcsult:s C~))ltnined :in T~lble.4, .ItCllllbcsecJ.t frcHU Table 4 thnt~ 

with themtroductiou·ofralinbilityiuto .its pdce+cap~onsn'fljlu~ tho Jirnl 

lakes th.c npportlulity toin.creusc·its u1arkc"iupnndc()tlsO.qtloutIyHs 

e~PQcted proflts.~1Qt:covqJ~t the Irighcr pri.ce IS justifled in the cmncxt :uf 

the pri¢e~capCtltlsttoint bccnuse teliabHJry lsi.noreased not only by the 

reducti{)niuexpect~ddenlaild associated \9ith the higher· pttce.~ bu (also by 

an. illcteasein lhe levelofcapaeIty. Jnotho.f \vord,s," because reHahility is 

positively relnted to price for u. givencal)~lcjly leveL Hshlclusion ,in t.he 

pdCQ"CUpC(Hlstraint Illeans Lhefirnl c~U1explojt. this rel.ntionship.to increase 

Ijxpected proUt <:onsjstentwith its ne\v C(ll1strnJut 

Nextcollsider the results in Tnble 5wh.ich sho\v the 111ain foetors 

influencing the extent to lvhicht,he finnc€1l1, exploit the positive 

relationship between pllceand reliability 10 increase expected t)foJirs. A 

CO'JllparlSOn of the results in Tables 4 and ,5 sho\vs that the nnll's resp{)nse 

fO the 'inclusion ofreHabiHty in Its prl.ce .. cap conSlnllnt: in tenns of 

~xpJoiting the positive relatiollship hc{\veen pnccand reliability is 

\veakened if: demand is more elastic" the value of the (~x{jgen{1uswetght on 

r~fjabJJity HI the constrmnt IS smaJku-; nndifdcll1andis lll()re' uncer1.nin :5 

AJthough the elnsticitYHndunccrtnulty Qf detnand nrc heyond thct.~mltrt}J 

tlt the reguftltor~ tllQ results III Table 5 cleurly ~uggest thnt the rcglllntnr Cfln 

.limillllecx.tent of thIS uxploitatlon by fe:ducmg. theexogeuous \\(!lflht 

Hpplied to reliability ttl the J1rm's pncc .. c.up constramt 

Frnally ~ consider lhelssue of n tlrm ... specltlc Ulcreasc Hl the i.1Vet'ngu 

\nriublec()st of producuoJ1 .(C). As sho\vn ttl SecUoll 21\ if rcbnl.nlllv IS 

~xcluded fhnn the pru.:c .. cup cnnstrann then .. m the fUluaUCln ",here thQ Hrm 

IS fbrcedro ubsm'h lhl~costmcrcu5e· {H! X n }conSluncrs \V1IJ C,\PCI renee 

iJ r:cductwnm rclwblhty~vcnrhoU1+h they nrernsulmcdthun any pncc 



illcrcus~. ~rhis OlllC01l10 11ppem'StlS th~fitst r()\v ofresultsul TobIe 6. 

HO\VeVel\ dlesecon(i' ttlbltl rowafresnlt:sin 'J'ablc6 sho\vs 1hutt17 

reliQbilit}riSiUQludc;dhlrhe price .. c.ttp constraint then this probletn is 

l1wgcly olituinatcd. AJthongh\tt:heHnn tnak¢s SOllle lllinor ntljustmentsto 

llspJic~mui reHnbHHy lr;vels in order to ItHnimise the Jlegntive impact of 

.the Cost:illcrcosemn~xpected proI1rstcolllpare the results in rows ltV£) and 

thteeofTable 6)~lheinclusian ()frelinujUty in the pricc~copccnlSlrnint 

U1QanS the. t1rm has no ()PPoltunity toprotcctPl~onts uttheexpense of 

consumers. 

By cOl1trnst;lconslder the SlllJUtlOU\vherc the Jirrn lspernutled t() pttsS anin 

full the cost increase (:lS represented by the results jn the bott:mll hnlf of 

Table 6 (x 2{)~1O), Ifrclinbility lS excluded fr0111 the flnnisprice"cap 

constraint then as shown by the fburth ro\v of'results Ul Table6~ th.c 

conSlun~r experiences the fun 20~"o increase in price but iscolnpenstlted to 

SOl11e extent by all~lssocialedincrease in reliability, I~IovycVer .. lfrcliabUity 

is inoluded in the firm's prjce"Cflpconstralnt then. nssh<J\vu by the re~uH.s 

Hl row l1ve ofTnble 6, the i1rlU takes adVallt~HJe oftbt!> situnuon to inCrC~ls.e 

pnce by more than 20~;'o fie 24.86Q/O)i \vlth the pnce .. cap constraint bcmg 

salisHed by an assocmted increase in reliability (ie 1.20(!h). In so doillg, 

tho firm ltchieves 3.n additional 1 or~o increase fuexpcctcd proJits over the 

situatiollwhere price \WlS sun ply incrensed by 20(! () and reliabrlity 

maiutnincd (compare the results lH ro\vs five and six ofTablo (»). 

C~onsequeutly ~ the results 111 Table 6 suggest overall that although mc.ludlng 

rcliahilityin the pnce .. cap constrnint IS to the cotlsum.cr*s benei1t in n 

situation \vherc tha Hnl1 IS t'cqulJcd to nb~orb a cost mcrctlsc .. III n sltllntloll 

where the firm is pennHlcd to pass on n cost incrensc. then the Hrm \Vlll 

tnke this 0Pl)ortUlllty to lurther CXplOll the posItive relationshrp between 



pnce and rclhthiUty undextrnctn ,high~r level of Qxpectcd profits fi~om 

consumers. Nevettheless lI it follows £1'01,1) the result in rable S thnt the 

regulator'llul)' Hfnlt this 0PJ)oItunity by nssigning reliab.ility n lo\v 

exngeu()us vrcight ill the price .. cnpconstruint 



CONCLUSION 

Theaiul of this papeth~lS been tocotltribute lathe understanding. 'ofI11e 
role ofqu~tlityjJl price;..cnpregulatioll~ \vidta particular focus on the issue 
of reliability of supply. A,model~vas developed:in SectIon 1 'which 
shov~'ed that thete'is a positive relationship bet\veen the level oflcliability 
tlnd 'l'heexteIlt to which the fion is penl1itted to pass on speCific: cost 
il1creases~ \Nith reliability lowered ill thecnse offuUabsorpliol1 (If (least 
iHcrease~and increased fr0111 this level in thecaseoffi,lll passing on nfthe 
cost illorense.C()llseq{H~ntly~ ,it \vas delnonstratcd that tltera is some 
tnltlfrnmn levelofptlce adjustment ,\chich is required to ltlamlUin 
reliability. 

Ho\vever~ it \vas uuclear from thisanalysis\vhether this :llluljnnl1111evel of 
price adjuslll1Cnt\Y!ls.also sufficient to ma.iIltain expected profits foHo\ving 
a. cost Increase. Therefore" in Seetin!l 2a 111l1l1cncal 811,llysis of the Inodel 
was uudeJ-tnken \vhich suggested that a higher level of pnce ndjustll1ent is 
requIred to 111aultahl expected profits than to lllamtaul reliabrf.ity thHnt:vmg 
(least Increase .{although there IS an ass{)Cltued higher level ofrei.ialnJily 
\'vhich to SOlnc extent ct)lnpensates the consnJ)1er}. Moreover" this Hndfng 
Vias sbo\vnto he f()bust.\Vlth respect to the level ofdeluantielasticlty and 
the .level of'delnand uncertainty .. Finally .. lhe num~ncaI analysis sllowed 
that theunaln'biguouly positive relut1.onshJp bet\veen expected profits and 
reliability does uotcarry across to the cas.e of the relationship between 
ex.pectedprnf1ts and optimal capacHy nptltllal cnpa,city IntlYlnctcnse ur 
decre.use fbllo\vJug the lhH 4qjusuncnt ofp.nce to a cost tncrease 
depending hoth on the level of delnand elastIcity and on the level \Jf 

demand uncertaInty 



III SectiOll .3 the 1110dcl of Section lwa,S redeveloped to iuc!ude:reHabihty 

Hllhofinnis l1rice-copconstruiut. This<luodel\vns subjected toanumencnI 

ntullysis ilt Sectiou4where' it \vas S110\\"11 that theillcluS10ll tJf rehabiHty Ht 

the price .. capconstl'aitu create,s a tendency for the f1rm toexplolt: the 

p()sidvc l'ulatlonsbip bef\Veenptlc:ennd te.linbilHy (ie lhallocreasesHl price 

ate ,associated \vtth increased rohabiJitynt constont'capacitybecaus,e of the 

responsi'vcness of deultmd,to price) toincreuseexpectedprotlts" but ina 

Ulanner which sausfied {he pnee-cap c'()Ustraillt l:Ol'exatl1ple" 111 the case 

nf acosl tncreuse~, itwns Sh()Wll HUlt lfthe tirnlls pennitted to pass on (his 

cost JllCreaSe~ It ,,:a5 shown that If the i1nn 18 pennittcd to f)USS on thiscnst 

Hlcrense \vh.tch 1S propo11tonatelyl,wger tlIan the cost increas~ hut \\'itb an 

~lssoculted mcreas¢ In reliubilit.y Ne,\ie.rtheless,.lt \Vas sho\vndmtthls 

teudencyctluld be HlnUed by the regulator app.lytng n J(nvexogenous 

\v(ughttt'lrelhlbdity Inlhe pn ce .. cap COllstrrunt In addiholl. tilei.llctuSl{Ul 

~'frclmbHit}r in the :p.rice"c.apcO)1stnullt \\rgs sho\vnto benefit the cotlsmner 

Ula stnmbou '\\'here !he i,lnn IS required to absorbacostincreuse becnust~ 

the finn CUll no longer protect proUts by reducHlg telmbHtty 



11ldleubsenee ·ofll'llCertaully ofdetnand and ,dleN~:tbre 

of :relinlliHty does;Jlot nns~, 

i~Jthtlugh there 'IS no. utdicntion as to ttho\v AlJS1"EL nughtvalue tho' 

r~ductio.tl iU'lunHty or detetJlllnethe change lllquabty \\/bleh rnlght 

bedeerned toha.ve .ftl(.U the 11l1'ae"C~Ip giventllt:'\!nl'taflon~. to tbe 

prices of other 5ervj>ees~' ~PS:l 

.l The ilnpacl nfacatbtl11 tux ~('n thepn.elngheh~\vjtlUr of u. pnce"'cup 

re,blJllnted lnulu;;,produel~ monopoly IS (!ulls1dered ttl Fruser ( 1993h) 

Nf Cl'e\\' m~'f.: Kleu1dorter( 1980 l ;nnd 11 postH\C' relauons!up h~t\ve~cn 

expected :proflts and reliability Ul dlClt ntnnencai :uud ~!'SlS; ·tJf a tate 

of retUt'll reguttlted .nltltlOPt)ly 
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Uase Case :'\'::;;0 x~6~67(Vt) x;::; 7.1()lX. 'x= 20ts 

J) 15 15 16.00 16.16 18 

f~ 258.20 247.37 250.00 'SO '4 ,..,.... , .,~, 
1"O~7 .... J ,). 

l·'Yk) 0.50 0044 0.50 0.51 0,58 

E(1t} 982.01 757.41 950.81 982.01 131884 

Note: t1 All otherBaseCasevalue.s apply 



.~S"(!usi(il~i{v rJ/:tlte l~e$(llt$f{}(fie£(!J1IJJ(J1 ))cutaUlI El(lstlcif,y:: 20% 
ill ere (lst! lnc (l,'. 

~·=O.,l U})SC C~lse x';::' (}OAr x ;:;:{).67~}'tJ x =68G tX '., u 

IS 15 
,. 

16.00 16.03 III 

It '762.71 73D.19 751.86 75&.50 

l~Tkl 0.50 0,44 0,50 0.50 

~frc) 2901 .03 2237,S1 :!,882JO 2901 03 

g ;:::",0.9 llaseC~lsc x, =00/(. x ::;G.67tX. x:;::: 9~98~r 
P 15 15 16 16.35 

1< 87.40 83.74 82.47 81.92 

F(k) O.SO 0.4.4 0.50 052 

K(tr;) 132.41 256.39 '"P 3 65 .,1J.,,, • .332"41 

Note: a All other Base Case values apply 

x, ::; .200/<. 

L8 

796.23 

0.58 

4190.83 

'x= ~O(V.j 

'18 

78.85 

0.58 

415.03 
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TASLES 

Sensitivi{vojtlu; Results to Ihel~eJ'el()l~ l)l!ilUUltlUllcettaintJ':].OO/o 
iJlcrl1(Jsa inc (t'i 

tre~nt5 :0 ~ls~Cns~, X ;::::;Otx) X d 6~(j7{~) x.::;: '7~GO('Xli x ~.lO(Ml -".! 

,.I~~ 

1) 1.5 15 16 16.14 t8 

k. 158.20 1·40.16 25G.DO 151 .09 260,48 

1~(1\.) 050 (L44 0.50 0.51 U,S8 

E(1t) 776.02 573.82 151.36 776.02 1098. 11 ....... 

Note.: a All other I'3use Case values apply 

" 

~ 



l'llp(ict(Jj~tIl4 iJUt()(lIultion p!reli(tl,llitV\(U(Qilreprlae .. c(lp· C()llSlf(lllll: 

lJ(JS(1'C(tSt: v(llues: 

NOle u; P~rccntnge changes froltl results 111 row one. 



,!tlCfO fS hUll l~nr;l"g lile:fe.rjJlJlJ!leo/t/J e Ii ~nll() 
Illa/lIt/brg t(!llablll{v ill',f/tepriae;..CtfllC()flstflllut,a 

(1) 

(.Z) 

,~;~n.8 
'lleJjnb;Utl~ 
:Ji:x.dmJ(!d 

Itcii¥lbiUt.v 
htdudcd 1• 

~1=Jl.9: 
~2'~p~l 

(3) ltcUnbUll)r 
l£~47l11Ucd 

(4) RelinbiUty 
lneluded" 

an (ieHabiUty 
l~):dndt\(J 

(oJ 'HetblbiU(\' 
tndu(fed (J 

-

A 1> Ii 

.1', 

, 
15 114,58 t,.. 

249 11A3 l2161 

(+24 Su:~) (*" 16 ~!}:~l) (i'11,421);b) 
t., L 

"" tt\ :;0 ... 

"I ,~() 1":'11 17 ... ~ 

t i'~~Ulln l +'15 jlllh) t~'28{r'~)I)) 
.) 

Notes a, 
b 

An otilelBabeCasc \·altlus apply 
r*ercentage change front results Hi row one 
Percentage d.mngelhnn te~uhs ttl ro\\·rhr~c 
Percentagechnngc Ihun l:~sufts HI rc~\V f!\C 

lrel,-) 

05 

flao 

(+N)~'I)} 

n ~o 

\1 

ti'~f)i·O) 

l~(:n:} 

435,80 

583.33 

(.Jt ~3 ,S5~'~O) 

dl 

f.~7 

«+ "f2 5:!I),o) 
t e 4' 



(t) 

(.Z) 

(3) 

(4) 

(5) 

(6) 

l)l1pacta!tt· CostlJ1Ct(!lise:lJase ·C(lsevahl.l1s 
l~&C)Ull1gq~ft()f" ,base ;'(:'ISen?Su/(s tllvt((ckets) 

~ 11 !~} (l'0{) 

·x~n!~. 

li~lhlHm(y ') s 15 Z47.31 044 
E~f;luded 

{ .. zs~/o} (O~'~) (,,4 19~'h:) r ... l2~ul 

f(imnbiUty I 94£1 17 53 305.45 U 82 
InltlmJcd 

{ .. Z3Sq,'oj ( .. O 06~;;a) (~O 24a.~) ( .. o J;~n) 

Corlst:mf 192b 1154 306 )9 I)thl 

price & 
r~nabHitv . (~23.c S~,~) ({)~}~) (O%) (0%,) 

x ~2()% 
l~etiahilit:y 2 18 ~50 ,7 0 58 
Exduded 

(Oo,'Q) (+20~'o) (,,2,9()~lO) (I· l(;orJ} 

Relrnbnit~t 265 :!190 27833 fUM 
IJlclud~d 

(+5 58~;b) (+24 86~o) (,..9 IO(to) (+ J ;woo) 

("onsHmt 251 21.05 219513 083 
Hlitrk .. up & 
tcUabHhy (O~'Ol (+2.00,'0) (·8 7P>h) {OO;tl) 

Differences exist bet\veenthevalucs at the third decunal 
pomt hence the prIce diffbrGJlcc. 

h: PerCCtllnge clmnge based oufhtu'dechnnl points. 

l~f~) 

15441 

( .. 23.18.%} 

1148 ~H) 

( .. 161 ()~/o) 

! :4771 

( .. 1682%) 

PHLS4 

('I' 3~+ 30%) 

1923.12 

(fJ93.8%) 

1191 OJ 

(.f·29800,'O) 




