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Résumé - Cer article rraice de la régularion par les services publics des eaux En

parriculier nous oous concenrrons sur des presrarions de qualité er de recherche ec

développemenr (R&D) en présence d'informarions asymérriques: Ieau, qui esr

polluée par les secer.rrs industriels ec agricoles, doir être filrrée par les servrces

publics en r-rrilisant des méchodes d épurarion qui sonr exigeanres en R&D Les

services publics des eaux sont responsables de l'épuration et de la distrbulon de

I'eau avec une exrension de I'abartement dépendanr aussi bien du volume exogène

de la pollurron que du oiveau de la qualiré prescrit par le régulaceur.

En présence dun mécanrsme opcimum de régulation, nous convenons que la

srrucrure d'information est asymérrique, parce que tous supPosons que le

régulateur esc confronré à I'incerrirude quanr à I efficacité du service ec eo

conséquence quao! aux coûrs d'abaccemenr er aux effets du progrès rechnique, les_

quels réduisenr les coûts. Le prix du service est calculé indépeodammenr de la
qualiré, mais en rerour il dépend du niveau d'efflcacité, ce qui incire les servire'
à surévaluer les vrais coûrs. Par conséquenr les coûrs de la lourniture de qualiré

peuvenr être urilisés par les services aomme un oucil pour obrenlr des renles

d'informarion.

Des services oprimisenr leurs coûrs d abactemenr au moyen d'invesrissements dans

le progrès rechnique (rnnovarions de procédés) IL faur noter que la cession des

décisions qr-ranc à la RaD er quanr à la qualiré des services n assute Pas du tout

une deuxième-meilleure solurion, si bien que le régulareur esr à même, non seuie-

menr d effecluer une réguLatron des prix, mais peul en ou!.e imPoser un pro-

gramme de qualité, de R&D et de transfert. Ainsi nous essÂyotls de caracréris"r

des mécanismes endogènes qui solent compatibles avec des incirations assuranr

une deux ième-meilleure solurion

Dans notre essai, la pollurion de I'eau esr d'origine non poncruelle et comPrend la

pollurron résiduelle après les essais d épuration des polLueurs poncruels Par

conséquenr nous nous intéressons plus précisément aux modalirés d'usage optr-

males de la cechnoLogie nen bout de canalisarion ", ut;lisée dans le processus

d épuraoon-

Srmmary Thù faler dtah uith optinal regrldtlry llhciet ta prau;de lor quality of
ten)ice dnd inn|t)atio t in abatenent tuhnology 14 )atet lulpll alilitie!. Tbe tai

focut al the analyit ts on the relatiansbi! anong ptice, qualùy, pollu:iafl d d dbate rcnt

technology. Allatt,ing far atllt telric infaruatiort dl)oul al)ater]efil cottr and cartt of
qulity vnice tue trl to .Àdraclertze i centiue o Pdlible nechanrtu, tuher'e Pr1re,

qulity anl techrcal progru are optinal/y regzlated ta assure /or a vcon/-bei nlr-
tnn. Ve lind price to be higha, qtantity axd iuu me tft abaleme t techxologl to be

lauer than tn thef*ll tnlantLtion toltttu.-.

' Technical [Jniverity Chennttz, Del)dlh ent of Eanantct, 09107 Chennitz, Ger-

e-ntail:t huhn@uirtscbaft tl-.hen itz de, h.piîtel@uirtrcbaft.ta chennitz de



W/ATER has been consrdered as one very rmportant, if nor the

W rnort imporranc resource mankind needs to ensure irs future
survival. lVhile in many developing countries the quanrity of available
drinking water poses the greatesr problems, rt is the qualicy of the avail-
able water rhar causes great concern in all narions. Thus, regularion of the
water supply utilities becomes an important task for policy makers in
order to guarantee for drnking water quality and for the technical
progress requited co deal with evermore new pollutants. In rhe European

Community e.g. national drinking warer standards have been supple-
mented by EC wide srandards which require the regularory promotion of
investments (see Rees, Vickers 199)){i/,

In rhis paper we deal with the regulation of warer suppliers, concen-
rrat;ng on the provision of quality and RaD in the presence of asym-
metric informarion; warer which is polluted by the industrial and agri-
cultural secror has rr.r be tltered by rhe warer suppliers using R&D
intensive purificatron merhods. Water supply utrliries are in charge of
water purrficarion and distriburion with rhe exrension of abarement de-
pendrng on the exogenous volume of pollurion as well as on the qualiry
level set by the regulator

Vhen designing che optimal regulatory mechanisms, we take the in-
formation strucrure ro be asymmetric, assuming that the regulator is

faced by uncertainty abour the efficiency of the Êrm and chus abatement
costs and cosr reducing effecrs of technical progress. The prrce of water
is modeled to be independent of qualiry, bur ro depend on the efficiency
level insread which gives firms an incentive to overstâte true costs Thus
the cosrs of providrng qualicy can be used by the firms as an instrumenr
for extracring information rents.

Firms optimrze rheir abatemenr costs by investing in rechnical
progress (process innovations). It is worth noting that leaving decisions
on R&D and quality up ro the flfm does not assure for a second-best so-

lution ar all so that in addirion to price regulation rhe regulator is able

ro impose a quality, R&D and transfer schedule as well. Hence, we try
to characterize endogenous incenrive compatible mechanisms ro assure

for a second-best solurion. Our analysis falls in che range of che mecha-

nism design licerature to follow the approaches by Baron, Myerson
(1982), Baron (1989) and Laffont, Tirole (1991).

In our paper we do nor deal wirh the aspect of deregulation and / or
privatizarion of the water sector. Since rhe water sector shows consider-

0 For a discussion of inscirurional quesrions of rhe regularion and deregula-
rron of the warer sector see e.g. Dick (1991) for Germany aod Vickers, Yarrow
(1988) for Grear-Brirain
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T. KUHN K. PITTEL

able aspects of a natural monopoly as argued in Klein, Irwin (1996), the
scope for deregulatron is [mited For a further discussion of this aspect,

see e.g. Klein (1997), Spulber, Sabbaghi (1!p4) and Beesley (1992).

The pollurion of the raw water in our paper results from non-point-
source pollution including rhe pollurion which pertains in rhe water,
subsequent to purification efforts of point-source polluters. Conse-
quently we take a closer look at the conditions for an optimal use of end

of the pipe rechnology applied in the purificarion process. The inrernal-
ization of point-source pollution by green taxes, marketable permits and

quanritative resrrictions is out of the scope ofour paper.

The paper is organized as follows. In the first section the basic model
is introduced and the regulator's optimizatioo regulation problem is for-
malized. After having analyzed the full-information solution we try to
derive the second-best solution when information is asymmetric. The

optimal price, transfer, quality and RgD schedules are presenred and an-

atyzea.

THE BASIC MODEL

Consider a warer supply utility which is faced with some external

water pollution activity caken by households as well as rhe industrial
and agricultural sector. We model this activity jn a rather simple way by

assumrng an exogenous and deterministic pollurion load denoted e*. ln
order ro assure for the health of the population, the regulatory agency re-

qurres the water supplier to meet a water quality scandard r where an in-
crease rû J implies higher qualrty. In order ro be able to deliver warer of
rhe quality required, the utiliry has ro apply a purification process lead-

ing to a reduction of rhe load of discharges and consequently an increase

in rhe qualiry level r.

Consumer demand for water is given bv:

q(fl 'qn<o
(2 1)

Quality is not reflecred in the price, since we consider water neither
as a search nor as ân experience good. Although warer quality may be

observable to a cerrain exrent indicated by smell, taste or discoloratron,
many of rhe discharges like merals, pesricides or germs in general can-
not be detected by rhe consumer. This unobservable aspect of water
quality gives rise to governmental interventron to control for quality.
Vhile quality is thus assumed to be observable and verifiable by public
authorities, consumers have to rely on the regularory agency to assure for
quality r. The desired or required level of quality implicirly determrnes
the abatement activity of the utility. Furthermore, a decrease in watet



REGULATION BY U/ATER SUPPLY UTILITIES

quality may cause damages ro rhe consumers represented by a convex
damage functron D(r) which has to be taken into account by the regula-
tor.

Usually consumers cannot choose between water of higher or lower
qualiry at different prices, they are delivered with drinking water ar rhe
gJven price. Although one can imagine horizontally differenriared water
supply utiliries which provide water of different quality standards for in-
dustrial and household use, we don't consider this possibility in our

Paper.

For purification, capital and R&D incensive producrion processes
have to be applied, reflected rn rhe followrng convex cosr funcrion;

C(q, R, t,0) = c(R, t,0)q + R + K (2.2)

where marginal cosrs are assumed to be constanr in 4 and increasing in
the level of quality (t, > 0). Ve considet uriliries ro be able to invesr rn
R*D leading to process innovations with diminishing rerurns (cu < 0,
rpn > 0). Vater supply utiliries which have co increase their lèvel of
abatement may therefore want to compensare the induced increase in
marginal costs ar leasr partly by investing in rechnical progress. The fac-
tor price of R&D is normalised ro one. Process innovations are modelled
as dererministic, which may be jusrified because the water supply
agency car purchase mains systems and purification plants from rhe cap-
iral investment industry (mechanical engineering and chemical indus-
rry).

In our paper we deal with vertically inregrared water supply utilities
which provide nor only for rhe purificarion of the water bur also for its
subsequent distribution. Since our cosr funcrion Js not necessarily sepa-
rable with respect ro purification and disrriburion, the impacr of techni-
cal progress on both cannot be differenriared.

Fixed costs K are originaring from rhe mains system on the one hand
and the purificarion planrs on the orher

0 is an efficiency parameter, referred ro as the rype of rhe trm. The
higher 0 the less efficient the agency produces, so rhat marginal cost rn-
crease in 0 (ib > 0).

Informatron asymmetries are introduced by æsuming thar rhe firm
has private knowledge of its rype 0, whereas rhe regulator has only
(common) knowledge of the density fur,ctror' t'(0) and the discributron
F(0) defined on the support

0 e l0-,0'l
(The associared monotone hazard rate

F(0) / f(0)
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is assumed to be strictly increasing to assure for an unique solution to
our maximization problem.)

Although the regulator is able to monitor R and r resp. e-, he is not

able to infer the type 0 of the firm. Thus the efficiency of R as well as

the cost increasing effect ofr are not observable. These are the sources for
the rent seeking activities taken by the utility.

In this setup of a Bayesian-Nash-Game with the regulator and firm
as acto^ts we will identifr the sec of optimal regulatory schemes for each

type 0 reported by the firm. The regularor is assumed to use a revela-

tion approach in order to induce firms to report their level o[ efficiency

cruthfully. The timing of rhe game generally contains rhree stages: on a

first srage the utility learns irs type 0 chosen by nature. Subsequently

the regulator offers a menu of regulatory schemes to the firm, which
then chooses the profit-maximizing contract followed by the investment

and production stage.

As a standard assumption we take the^water suppfier to pursue profit
maximization over its strategic variable 0 so that we are able to rule out
moral hazard which is not in the scope of our paper. \We deal with an ad-

verse-selection problem instead, arising from the asymmetric cost infor-
mation mentioned above.

The regulatory agency on the other hand is maximizing expecred so-

cial welfare. \(/e model social welfare as the weighced sum of consumer

and producer surplus:

\)(/ = cs - D -T + aII, a1I () 4\

following the approach taken by Baron (1989). 'When transfers are

given to rhe water suppliers, this formulation implicates welfare losses

which can be interpreted as implicitly arising social costs of public
funds (2).

Regulatory mechanisms are endogenous, the regu^lator has to base

regulation on the efficiency report made by the firm 0 e [0-, 0']. The

regulatory scheme consists of :

^- a price schedule p(0 ) tp reduce monopoly rents,

- a transfer schedule T(0) rc cover possible losses(j) due to below aver-

age cost pricing and to transfer information rents,

- uïr,", qïality"schedule s(d) as r can be obsetved and enforced by the
regulator, thereby determining the level of abateme.nt.

- ,nld r.guluted investment in r"echnical progress R(d) as water suppli-
e;j are forced to reveal their investment in abatement technology in
order to be eligible for subsidies or increases in regulated prices. Ob-

(2) For a derailed discussion see Laffonr / Tirole (199r.
(J) Baron, Myerson (1982).

l0



REGULATION BY VATER SUPPLY UTILITIES

viously it is relatively easy for the regularor ro control invesrment of
public enterprises in the case of large projects. Anyhow, leaving R&D
investment under the control of rhe firm would nor leâd ro a second-
best solution as we will see larer.

Altogether, the regulator faces rhe following optimization problem:

max lV =
P,TR,t o-

subject to(4/ for all ê, e e tO , g-l

n@lo)> n(êlo)
n@lo)>o

f.f ,!,î,1', +' - D(t(0)) -r(0) , atr,)Jfo) de (2.4)

(2.5)

(2 6)

OPTIMAL REGULATION OF R&D AND QUALITY

where

nGl0) = qerât [uôt -, @rêt, ftt, o)) . rrât R(ê) - K(2i)

(1.1)

o2)

Q.3)

Before we derive the optimal price, quality and investment in R&D
under rh marion nn_
Iimum a ;;":-."-inrormat li:ï'j:ï
publicly order con_
dirrons for an optimal regulatory schedule of price, invesrmenr and clual-
iry include as can bc easily provcJ:

Lemma l: Full Information Opcrmum:

!* (0) = r (n*(0), t*(0), 0)

- c*\R*(0), i (0), 0) s0*(0)) = I

- D,ç*(0)) - c, (R+(0), :*(0), 0) q(p*(0))

rt' Thc sccond order condirion for rhe (local) maximizarion of profir can bc
shown ro be fulfilled assuming rhe hazard rate ro bc monoronous.

l1
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Equarions (1.1) and (3.2) state rhe familiar solucions of price equaling

marginal costs and marginal value product of investment in R&D equal-

ing rhe factor price.

Further condition (3.1) implies that once rhe regulatory po[cy is im-

txed costs and costs of R&D :

il*(q = T*(0) - R*(0) + K > 0 3.4)

R&D investment.

Since rhe first-best solurion is nor feasible any mote as the firm does

not have the incenrive to state its true value of 0, we have to use a rev-

elation approach in order to induce the utility to report truthfully
Using optimal conrol theory rhe optimal schedule for investment in

RaD-, quality and price can be derived (see Appendrx). The results are

stared in:

Proposition I : Asymmetric Information Optimum

F (0)

P(il=tt.)t(l-dt 

-ie()
Jt vl

F (e)

-q|(q)cRt.7 - | + qQ(ù)tt -d 
*,e.a(.)

I F(0) \
D,(i) = q(p(0)) t -,,O - (t - cil 

- 

i0.,( )l (31)
\ lto)

\ù(ith respect to rhe interpreracion of rhe resulrs stated in proposition I

we should cànsider the impact of social cosrs of public funds first.

As long as social cosrs of public funds don't have to be taken into ac-

counr (û = 1) price, R&D and quality schedules are equivalent to those

in the full information case. As before the transfer schedule

r(0 = ) ç,() qç(q)dqo -Qret -,o)qb(a) + R(9) + K (3 8)

0

(3 5)

(3.6)

t2
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has to comoensate for rhe firm's loss since revenues do not cover fixed
costs and rhe costs of R&D. Furthermore an information renr given by
the first term on the right hand side of(3.8) is transferred to rhe firm rn

order to induce rhe revelarion of rrue type d. As a resulr, firms are al-
lowed to earn positive profits stemming from cheir private cosr informa-
rion with the most efficient firm gerring the highest rent:

\e'
II(0) = J u,(.) q(p(0)) d9\l

e
o,9)

Since transfers do not induce social cosrs there is no need to disrc,rL

rhe price, qualiry and R&D schedule ro exrracr information rents from
the firm so rhar any deadweighr loss is avoided.

However, che piccure changes considerably when we include positive
social costs of public funds inro rhe analysis. As transfers are socially
costly then, the regulator finds it oprimal ro reduce informarion renrs.

Hence, prices are distorted above marginal costs for all utiliries ex-
cept for the most efficient one and are furthermore rising in the socral

costs of public funds. Expected marginal information rents in (1.5) are

Slven Dy:

F(0)
ce (R,0), {0), 0)!5) 0.10)

f(0)
Due ro che increase in prices rhe quanriry demanded is reduced

which leads to a deadweight loss in consumer surplus. This loss is com-
pensated for by the decrease in social costs ofpublic funds, since trans-
fers ro che firms are lower due to the decrease in information tents. Ad-
dirionally rransfers are reduced by monopoly rents which ûrms are

allowed ro realize on the market. At rhe marsin boch effects - rhe dead-
werght loss induced and rhe reducrion of soiial cosrs of public lunds -
balance. As the inefficiency wirh respect to R&D and quality is æsumed
to inctease the more inefficient the firm is. the informatron rent is an in-
creasing function of R and r.

Social costs of oub[c funds also result in the discortion of invescment
in R&D - again eicept for rhe mosr efficienr firm. The shadow price of
R is found to be higher than the factor price assuming thar rhe margi-
nal cosr reducrion induced by an increased level of RaD is lower in in-
efficient types of firms :

(J) Since we have assumed
F(e) / f(e)

to be non-decreasing, 1(0) will be monotonous, as requtred by rhe second order
condirron on rhe maximizarion of profits.
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ca,"(.)>0.

This assumption is made as we take efficient types of firms to have a

higher absorptive capacity as well as a hrgher accumulated stock of
knowledge which leads to a more efficient and successful new invest-
menr in R&D, A higher shadow price induces an underinvestment in
R&D comoared to the cost-efficient solution. A decrease in information
rents is eniorced which is accompanied by a reduction of ReD subsidies.
Expected marginal information rents stemming from the cost reducing
effect of R&D are given by :

The inefficient use of R&D forces the marginal costs to nse leading
to a rise in the price and consequently increasing the deadweight loss.

At the margin the welfare gain by a decrease of social costs of public
funds has to balance the loss in consumer surplus resulting from higher
prices and lower quantities(r').

The quality level is found to be lower than in the full information
case assuming that the increase in marginal costs due to an increase in
quality is higher in inefficient types of firms (ca ,(.) > 0). The costs of
an increase in quality ate overestimated for all firms except the most ef-

ficient one as the shadow price in terms of generated costs of an increase

in r is too high. Consequently the marginal damages to the consumers
are higher than in the benchmark solution resulting from a suboptimal
quality level. Again the rational behind the decrease in quality is to re-

duce information rents and thus to lower sociai costs of public funds.
Expected marginal information rents resulting from the cost-increasing
effect of ptoviding quality are given by :

F(e)

f (e) 
c' 

' o(') q(P(o))'

F(0)

^ cs 
, ,(.) q(p ( 0))

I(a)

(l.tt)

0.r21

The regulator finds it optimal to decrease quality until the marginal
increase in damages to consumers due to the quality reduction equals
the marginal reduction of transfers and thus the marginal reduction of
social costs ofpublic funds.

(6) For c". n(.) . O - cosc reductions oFR&D being higher in inefficienr types
of firms - it can be argued rhar ir is easier for less efficienr firms ro reduce costs
by investing a relarively low amounrs of money rn RaD. In rhis case rhe level of
R&D rurns out to be higher than in rhe cosr-efficienr case: for higher cosr reduc-
rions in inefficient firms an increase in R reduces informarion renrs. As long as

rhis reduction overcompensates che rise in R&D costs, investment in technical
ProSress rncreases.

r4



REGULATION BY WATER SUPPLY UTILITIES

Summarizing, in the second-best oprimum p will be higher than in
rhe flrsc-best solution, while R and r will be lower for rhe assumptions
made above.

c0NcLUsl0Ns

In the analysis presenred our main focus has been on rhe regulation
of water supply utilities. Since coosumers are usually not able ro infer
the quality of water by taste or smell only, our model considers a qual-
irv-indeoendent demand for warer. We furrher assume the utilities tcr

hate prwate knowledge of therr cost function, thereby provicling them
with a source for rent seeking activiries. In this framework of asymmer-
ric cosr informacion we rried to characterize incenrive compatibJe mech-
anrsms while taking the relatronship among price, quality and abare-
menr technology into account.

'When 
incorpr-rraring asymmetric informarion about abatement costs

and process innovations, the search for an endogenous incenrive compat-
ible mechanism has to lead to a second-besr solution. In contrast to the
full information solution the regulator finds it optimal to allow ûrms to
make profits. These profirs solely consisr of information rents rhat have

to be transferred ro the firm and rhus induce social cosrs of public funds.

Due ro the informarion rent prices are higher and quanriries supplied
lower allowing for higher producer surplus than in rhe full informatron
case. With respect to the level of R&D the regulator finds it opcimal to
decrease investment in technical progress below the cosr-efficient level
ac a given quantiry in order to exrracr information rents thar otherwise
would have to be transferred, generating social cosrs of public funds. For
the same reason the regularor decreases qualiry below the efficient level,
rhus increasing rhe damages to consumers bur lowering social costs of
public funds.

ln our paper we took the average pollution level to be exogenous,
Endogenous pollution could be integrated by including the level of the
pollurer in our analysis. This would again allow for a green rax or mar-
ketable permirs to be introduced and mighr be an inreresring extension
for future work.

lt
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APPENDIX

In order to solve the regulator's maximization problem merhods o[ control
theory can be applied. The corresponding Hamiltonian is given by:

( r- I
H = | Jie"t dpu - D(t(o) -T(0) + an(ql f@)lb(Û t

+ )"(0) q(p@t[pret-'&@t, '(0,0)] +r(0) -R(0) -K-n@) (Ar)

. p@ (- cr(n{0, s(o), o) se@)
+ r(0) il(0)

withp, T, R and r being che control variables and Ifas rhe corresponding srate
variable. Optimization thus yields the following first order necessary condi-
uons:

dtl

àptq

çuçptil * (pret - c(n(q, s(e, 0)) q,r, (il00) (^2)

- tt(o)ce(n@1, '@), 
o) Qoret (p@) = o

dtl
- Lla = af(0) - À@) + r(0)an@ 'o

n@) = u1p1il [pf et - '(n(q, s(0, 0)l + r(0) - R(0) - K (^i)

(^l)

(A4)

(A6)
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REGULATION BY \YATER SUPPLY UTILITIES

Equation (Al) obviously leads to:

f@ = )"(o),

while from (41) and the transversality condition

p@) = (r - u) F(0)

can be derived. Using (A2),(A4) and (A1) as well as substituring for l(0) and

ll(0) we obtain the optimal price, qualiry and RaD schedules O.t) - O.1).
Vith respect to rhe second order conditions concavicy of H in p,T, R and r is

assured given rhe assumptions on C(.) and D(.).
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