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Abstract

This paper investigates the determinants of padfange over the period 1991-2008
for the Water and Sewerage Companies (WaSCs) ianigésh and Welsh water and
sewerage industry. We firstly apply an input orsghprofit decomposition approach
following the approach of De Witte & Saal (2010heh, we make allowances for
differences in the quality of output, by decompgdime output effect into high quality
and low quality output effect. We decompose prafibnges into various factors such
as quantity and price effect, technical changeicieficy change, resource mix,
product mix and scale effect, without and aftertoahng for quality. In both cases,
the positive impact on profit changes came fromstaitial improvements in
technical change, the cost efficient allocatiommesfources by substituting labour with
capital and small improvements in efficiency gaifke input price and scale effect
had a significant negative impact on profit chandéss technique is of great interest
for regulators to evaluate the effectiveness ofilagn and companies to identify the
determinants of profit change and improve futurdggeeance, even if sample sizes
are limited.
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1.Introduction®

A firm’s financial performance is commonly measutsdits profits. Changes
in profits over time can be attributed to changesoth productivity and prices.
Comparing changes in productivity and prices allal@srmination of whether profit
change is primarily explained by improvements iroductivity or is simply
attributable to an increase in output prices whglgreater than the change in input
prices. However, there are other determinants riight affect profit changes over
time such as technical change and efficiency chafiget, scale effect, resource and
product mix effect. This technique originally deweed by Grifell-Tatje & Lovell
(1999) can be applied in a regulatory frameworlassess the impact of price cap
regulation on the financial performance of the ftaggd companies. This
methodology would enable both regulators and régdlaompanies to better identify
the sources of profit variation and aid them inleaing both the effectiveness of a
regulatory price cap scheme and the performandbeofegulated companies. Also,
profit decomposition enables the regulator to idgihose sources of profits that can
eventually be passed along to consumers in lowdpubuprices, such as those
attributable to productivity gains. Moreover, thiethodology can also be used by the
regulated companies to identify the determinanttheir profit changes and improve

future performance, thereby leading to future prgdins.

There were several studies in the past that deceedpprofit changes into
three sources: a productivity change effect, anviacteffect and a price change
effect. Grifell-Tatje & Lovell (1999) provided arde-stage output oriented long-run
profit decomposition to indentify the sources obffirchange within the Spanish
banking sector. The authors used Laspeyers ancclitaasdicators to decompose
economic profits into a quantity and price effegtldinear programming methods to
measure technical change, efficiency change, resomnx, product mix and scale
effect. Also, De Witte & Saal (2010) employed Lagrs and Paasche indicators and
Free Disposal Hull (FDH) techniques to implementimgput oriented instead three-
stage profit decomposition for the Dutch regulateder industry. Moreover, Lim and
Lovell (2006b) provided an output oriented shor-profit decomposition by taking

into account the impact of quasi-fixed inputs apgled their decomposition to US

! The authors would like to express their gratitémtethe support of the Economic and Social Research
Council as well as the Office of Water Servicesw@t), and note that the usual disclaimer applies.
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Railroads for the period 1996-2003. In another wt@tifell-Tatje and Lovell (2008)
provided another type of profit decomposition toasw@e productivity and price
changes in US post offices. The authors decomppse#ds into a quantity, margin
and productivity effect by using Bennet indicatarsd then the productivity effect
was further decomposed into a cost efficiency, ne@l change and scale effect.
Finally, Sahoo & Tone (2009) employed both radrad aon-radial DEA methods and
both Laspeyers & Paasche and Bennet indicatorswaights, to value the
contributions of various profit determinants on théian commercial banking sector.

The purpose of this paper is the evaluation ofoueriprofit drivers such as
price changes, productivity changes and activiiele on the financial performance
of the Water and Sewerage Companies (WaSCs) owver ith the case when the
number of observations is limited. Therefore, wstly, follow the approach of De
Witte & Saal (2010) and decompose profits into argily and price effect using
Bennet indicators to weigh the changes in quastéied prices and then we employ
DEA techniques to take into account the impact fiiciency change, technical
change and scale effect on profit changes. Moreavighn the exception of De Witte
and Saal (2010) which controls for the impact ahking water density on input
requirement through a conditional DEA approach,dtuglies discussed above do not
generally consider exogenous factors in the pdg#tomposition analysis. Given this
gap in the literature, and since the UK water awlesage industry is characterized by
high capital investment programs to improve drigkirwater quality and
environmental standards, we include exogenousactaistics like output quality in
a profit decomposition analysis. By making allowesdor differences in the quality
of output, the output effect is decomposed intchhggality and low quality output
effect. Finally, we provide a comparison of resditsm the profit decompositions
without and after controlling for quality on Watend Sewerage Companies (WaSCs)
in England and Wales over the period 1991-2008.

This paper unfolds as follows. Section 2 discugbesconcept of distance
functions. It includes an analysis of the decompmsiof profits into its components
and the Data Envelopment Analysis (DEA) technigneorder to estimate the
components of the profit decomposition without amith adjustments for quality.
Section 3 presents the data that are used in ady g$ollowed by a discussion of

empirical results. The last section concludes.



2. Methodology
2.1. Distance Functions

We define the production technology at each petiad the set that includes
all feasible output - inputs correspondences. Tipaits are represented by a positive

input quantity vectorX = (Xl, Xz,...,XN) where N denotes the total number of inputs

that a company uses in order to produce a vectornari-negative outputs

Y = (Yl,YZ,...,YM) where M denotes the total number of outputs. Issassume that
we have a positive vector of input pricés= (V\/l,WZ,...,WN) and a positive vector of

output price® = (Pl, P,,....Py ) The productiontechnologyor production possibility

set for period t is then represented as:
s ={(X‘,Yt): X' canproducey* } wherd =12,....T 1)

Let also the input st (Y' ,)represent the set of all input vectors that can

produce a given output vector at period' t;
L(Yt)={X" : X* canproducer'}={x*: (x*,y')0s'} 2)

The input set is assumed to be closed and convexsatisfying strong
disposability of inputs. Strong disposability ofpurts means excess inputs can be

disposed at no cost. The lower bound of an inpuisgle input isoquant given by:
1(vt)={xtxroe (v )axr oLy a <4 3)
Shephard (1970) introduced the input distance fandb provide a functional
representation of production technology. The ingistance function defined as a
minimal proportional reduction of the input vecigiven an output vector at each
period t is given by:
D (Y, X ") =maxu: (X7 p)oL (vt ) 4)
For X' OL'(Y') D! (Y!, X!)=1 and for X' O14(v*), D (Y!,X")=1.
Let us also define the output $8t(X" , Which represents the set of all output

vectors,Y', that can be produced using the input veckor,in period t:



0'(X!)={y": X' canproducer'}={y': (x*,y')0S'}, wheret=12....T (5)

The output set is assumed to be closed and conwex satisfy strong
disposability of outputs and inputs. The outer lwbwh an output set is its output

isoquant:
11(xt)={v vt oot (xt) Ayt 0Ot (X ')A > 4 6)

Shephard’s (1970) output distance function providesther functional
representation of production technology. The ouglistance function defined as a
maximal proportional expansion of the output vegien an input vector at each

period t is given by:
D (Y, X')=min{s: (Y'/8)00 (X"} 7)

For Y'OO'(Y!) Dy (v',X")<1 and for Yt O1(X') Dy (Y',X!)=1. The distance
functions, being radial distance measures, provige tools with which we will
recover the unobserved quantity vectors that we faethe profit decomposition.

2.2. Profit Decomposition Without Controlling for Quality

In this section we follow De Witte and Saal’s (2D@@proach and provide an
input oriented profit decomposition between twodiperiods t and t+1 using Bennet

indicators, average prices and quantities as weighestimate the contributions of the
quantity and price effect to profit change. Letaanpany’s profit in period t[1°, be
defined as a difference between its total revemmnesstotal costsf1' = P'Y' —W'X".
Using  Bennet indicators, P=72(P"+P'), W =1y2W" +W!),
X =12(x"+x'), ¥ =12(Yy* +Y') profit change between period t and t+1,
n™**-n', is decomposed as follows:

n*-nt= 5(Yt+1 —Yt)—VV(Xt+l - Xt) quantityeffect

(8)
+\7(Pt+1 - P‘)— )7(Wt+1 —Wt) priceeffect

The quantity effect captures the contribution tofppichanges from a change in output

production and input usage, while the price eff@obws the contribution to profit
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changes from a change in output and input pricee quantity effect shows that
profits may increase due to a rise in output préidadn excess of the corresponding
input rise while the price effect shows that pfitay also rise due to an increase in
output prices in excess of the rise in input pridédge decomposition of profits into a
quantity and price effect involves only observedrmjity and price data.

In the second stage the quantity effect can bendposed into groductivity

and aractivity effect as follows:

Pyt —v)-w(x - x*) quantity effect
=W(xt-x8)-W(x*-x¢)| productiviy effect 9)
+[Plrer—v)-w(xe - x®)  activityeffect

This decomposition is depicted in Figure If.( ‘) represents the efficient input
boundary, that is the locus of minimum input leveéeded to produce a given level
of outputY' in period t. The quantity effect as decompose@)nmakes use of the

observed quantitie' to X" and of the unobserved quantilﬁﬁs“,xB,XC). As

can be seen in Figure X “and X® denote the efficient input level that the unit
could have used in period t and period t+1 respelgtito secure ouY' keeping to
the input mix of X", while X “ represents the efficient input level that the woitild

have used in period t+1 to secure ¥t keeping to the input mix oK "**.

The productivity effect in (9) compares the disefrom X ®to X'in period t

with the distance fromX® to X"'in period t+1. The difference in these two
distances reflects productivity change of the wsitit captures how much closer or

further from the ‘fixed’ efficient boundary of ped t+1 the unit has moved over time.
When we have(Xt —XB)>(X”1—XC) we have a positive contribution to profit
change, whereas when we ha\(Kt—XB)<(X“1—XC) we have a negative

contribution to profit change.

The activity effect in equation (9) measures thanges in the scale and scope

t+l _

of the activities of a company. Whe()ﬂ Yt) is positive it reflects a rise in output

over time While(XC - X B) when negative reflects a fall in the efficientdewof input



needed to secure the output. Thus both the outpltree input differences in this case

respectively lead to positive contributions to firohange between period t and t+1.

Finally in a third stage decomposition the produtti effect in equation (9)
can be further decomposed into efficiency changeand echnical changeeffect
while the activity effect can be further decommbg®o aresource mixoutput mix
and scale effect. Figures 1 and 2 depict the decompositionhef productivity and

activity effect, which we now elaborate upon.
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Figure 1- Productivity Effect
VV[(Xt - X B)— (Xt+1 -X° )] productiviy effect
=W[(X A-X B)] technicalchange (10)

+VV[(Xt - X A)— (Xt+1 - X° )] efficiencychange

Technical change is measured by the distaXideto X®. As can be seen in
Figure 1 this difference reflects the distance leetw the efficient boundaries in

periods t and t+1, controlling for output level.chaical improvement occurs when



X® < X*. Such an improvement in the efficient boundaryrfitoto t+1 has a positive

effect on profit change from t to t+1, whereas wihbhnical regressX® > X*, and

there will be a negative impact on profit change.

Moving to the efficiency change term in (10) we enthhat the distance from
X* to X' reflects the inefficiency of the firm in periocahd similarly the distance

from X© to X" reflects the inefficiency of the firm in period it+ Thus, as
illustrated in (10) a decline in the input priceigided cost of inefficiency in period
t+1, relative to the equivalent cost in perioddsia positive impact on profit change.
In contrast, a rise in the input price weightedt ajsnefficiency in period t+1 relative

to that in period t would have a negative impacpuoofit change.

The activity effect in (9) can be further decompbas follows:
Pyt -y!)-W(Xx° - X®) activity effect

=W(X°-x°)  resourcemixeffect
(11)
- 5(YE —Y”l) productmixeffect

+W(X®-XP)-P(Y' -Y®) scaleeffect

The resource mix effedt® — X © captures the impact on profits due to the
change in the mix of inputs between period t aridwhile keeping the output at the
period t+1 level and also retaining efficiency iroguction (see Figure 1). When
XP - X%is positive, the change in resource mix reflectsavement of input usage
to one which reduces costs, thereby improving atige efficiency. Similarly, we can
infer from Figure 2 the product mix effect as thecge in output mix fron¥ “to
Y'*. Note thatY* reflects the output mix of period t but its levelthat resulting

from using the efficient input leveK® in period t+1 to secure the output mix of

period t.

Finally the scale effect consists of two compongetiits input scale effect and
the output scale effect, thereby capturing the chud scale change on the firm’s
profitability. From Figure 1, we note that to preguefficiently the output of period t,

Y' using the best practice technology available imoplet+1, the input level needed is
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X®. In contrast when outputs change frofh to Y™, while keeping the input mix
and the technology constant to that of period thd input required isX®. The

difference betweenX® and X° when positive means that efficient input level

needed in constant technology has dropped as otipagged from period t to t+1 and
this has a positive impact on profit. AX® and X°® have the same mix their
difference simply reflect the difference in thetake size. In a similar manne¥, and
YE have the same mix as can be seen in Figure 2taiddifference reflects the
difference in their scale siz&.'and Y Fare efficient output levels on t+1 technology

using respectively input level® and X° already defined in Figure 1.
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Figure 2- Activity Effect
2.3. Estimation with DEA

The second and third stage of the above profit mgosition requires the
computation of the unobserved quanti(Déé,XB,Xc,XD,YE). These unobserved

input and output quantities can be estimated bynsieathe input and output distance

functions as follows:



XA =X 0DV, X)) XB=xtODH (v, x!)  X©=xH DD,“l(Ym,X“lj
(12)

XD = X! DD|t+l(Yt+l' Xt) YE =yt DDgl((xD,Yt))

The required distances and hence the quantftied, X®,X¢,X° Y¢) as

defined in (12) can be readily estimated using DEAt J, N, M and T denote,
respectively, the total number of firms, inputstpuis and time periods in the sample.

Let ¢ denote a scalar, which represents the proportiooatraction of the input
vector, given the output vector ané denote a scalar, which represents the
proportional expansion of output vector, given thput vector. LetY].t and X}
denote theM x1 output vector and th&l x1linput vector respectively for the j-th firm
in the t-th periodt =12,....T. Let y' and x' denote respectively th# x J output

matrix and theN x J input matrix in period t, containing the data & the firms in
the t-th period. The notation for period t+1 isidel similarly. We use the additional
constraint J1'A =1 to allow for variable returns to scale technologjize reference
technology for our DEA models is the sequential Dieéhnology which is defined in
section 3. Sequential technology assumes that ynpanod t the technology of the

previous periods remains feasible. By definitiors ttechnology does not allow for

regress. Thus in period t the unobserved quantity can be computed by the

following linear programming problem:

[or(v, x! )" = ¢* =Ming
subjectto

k=1 j=1 (13)

The variablesA* = (/1'1‘/]';/1'3 ) k=1...t whose optimal values are to be determined

by the above model lead to the estimate the primpait reductiong”® in X' that
would locate (X',Y" )on the efficient frontier within the sequentiaéchnology to

period t. The unobserved quanti¥” for the firm having input output s¢X",Y" is)
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thus X* = ¢*X'. The unobserved quantitf * is computed aXx* = ¢"* X" for each

firm in the sample in period t.

The unobserved quantit{ ® can be computed by solving the following linear

programming problem:

Dy, x " = ¢° =Ming
subjectto
k=t+1 J

<22y
= (14)

k=t+1 J

w X: > z zxtj+1Atj+l
k=1 j=1

A=0

JIA=1

The unobserved quantitX ® is computed asx® = ¢® X" for each firm (X"',Y" )n

the sample in period t.

The unobserved quantit)X© can be computed using the following linear

programming problem:

[Dlt+1(Yt+1, Xt+1)]_l — (ﬂc =Ming
subjectto
k=t+1 J

Yt+1 < Z Z yt+1/]t+1

=RE (15)

k=t+1 J

@(tﬂ > z zxtjﬂAtjﬂ
k=1 j=1

A=20

JIA=1

The unobserved quantitX ©is computed asxX ¢ = ¢° X **for each firm(X"*,Y"*!)

in the sample in period t.

The unobserved quantityX® can be computed by the following linear

programming problem:
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[DlHl(YHl, Xt)]‘l — ¢D =Min ¢

subjectto
k=t+1 J

Yt+1 < Z Z y;ﬂAHl
k=1 j=1 (16)

k=t+1 J

¢Xt z z Xt+l/1t+l

k=1 j=1
A=20
JI'A=1

The unobserved quantit¥ ® is computed ax ® =¢° X" for each firm(X",Y"" )in

the sample in period t.

The unobserved quantity® can be computed using (16) and the following

linear programming problem:

[Dre(yt, x° )" = 68 =maxe
subjecto
k=t+1 J

9 th z_l ; yt+1/1t+1 (17)

k=t+1 J

X7z ) Y XA

k=1 j=1
A=0
JIA=1

The unobserved quantity® is computed ay' ® = 8%Y" for each firm(X°,Y" )in

the sample in period t.

2.4. Profit Decomposition After Controlling for Quality

Since the water and sewerage companies have cawutesubstantial capital
investment projects to improve drinking water gtyadind environmental standards, it
is important to control for quality in our analysi&s the substantial drinking water
quality and sewerage treatment improvements owerl891-2008 period (Maziotis,
Saal and Thanassoulis, 2009) have been in resptmsiacreasingly stringent
environmental regulation, including EU directives,js reasonable to assume that
qguality improvements are exogenously determinedal(Sand Parker, 2000).
Therefore, quality could effectively be included as exogenous factor and is

intended to control for changes over the assessmpenbd in water quality,

12



environmental standards and characteristics thkgctalifferences between firms in
terms of their operating environment (Stone & WebsConsultants, 2004).
However, in more general contexts where regulasonot so tight it is possible for
quality to be seen as a discretionary variable.sThlifferences in output quality
between firms may result in legitimate differendesrequired inputs to produce a
given quantity of output. Similarly, improving qitslcan also differentiate a firm’s
products, raising a consumers’ willingness to pag may also improve profitability,
if the resulting increase in costs associated witth quality change does not exceed
increases in revenues. This section therefore pteseprofit decomposition approach
which makes allowances for differences in outpuarabteristics such as output

guality between firms and across time.

As earlier the inputs are represented by a positiyit quantity vector

X =(X,,X,,....X) where N denotes the total number of resourcestimgositive
vector of input prices can be defined \as= (W,,W,,...W, ). However, the positive

vector of output quantitiey :(Yl,Yz,...,YM) where M denotes the total number of
outputs is now separated into a non-negative veofooutput for high quality

Y, = (Y, Y0 Yy ) and a non-negative vector of output for low qyalit
Y, =(¥,,,Y,,....Yy . ) where H and L denotes the total number of outfmrthigh and

low quality respectively and we assume thaty, +Y, and that more inputs are

required to produce a given amount of high qualiiyput than to produce the same
amount of low quality output. The positive vectorf coutput prices

P= (Pl, P,,....Py )is similarly separated into a positive vector ofpui prices for high
quality B, = (Plh, szh,...,PM,H) and a positive vector of output prices for low lgya

P= (Pl_I Py, ,...,PM’L) to reflect differences in output prices for qualietween firms.

Therefore, given the assumptions that Y, +Y, and the output price®,
and B the decomposition of profits into a quantity arrite effect in equation (8)
will become equation (8’) as follows, using Benidicators, P, :],/2(Ph”1+ Prf),
R=y2(R" +R), W=y2W+w!), X=y2(x"+x!), ¥, =y2(q" +v,),

Y =2+

13



n*-nt= [ﬁh(YhHl _Yht)+ 5.(Y|t+l —Yf)] ~W(x" - X') quantity effect
(8)
+[Y, (th -R, )+7| (le - Pf)] - X@V“l —Wt) price effect

The difference between equations (8) and (8)nishie output effect of the
quantity effect and the output weights. Similarly the price effect, the output
component and corresponding weights change. Thet iefffect components remain
the same between (8) and (8’) as they are calclladeng observed input quantities
and input prices which have not changed. The quyaeffect will now capture the
contribution to profit changes from a change inpoatitproduction othigh and low
quality and input usage, while the price effect will shtve contribution to profit
changes from a change in output priceshigh and low qualityand input prices.

Given thatY =Y, +Y,, and the output pricesB,, B the decomposition of the

quantity effect into productivity and activity effein equation (9) will now become
equation (9):

[P, (Yht+1 =Y, )+ ﬁ(\(l”l —Ylt)] —VV(X REED & )quantity effect
= B/V(X‘ - X B')—VV(X - X C)] productivi ty effect (9"

+ [[Eh (Yh”l A )+ ﬁ(\(lt+1 —Yl‘)] —VV(X ¢ -X B)] activity effect

The productivity effect is now calculated using ebved input quantities and
input prices,(X ', X **, W', W'**) and unobserved quantitigs® , X ). The results for
the productivity effect will now be different frothose obtained in equation (9). The
quantities X® = X' 0¢? and X© =X"'0O¢" where ¢® and ¢ are now optimal
values as derived from models (14) and (15) respdgtafter substituting the two

sets of output constraints (high and low quality)the aggregate output set.

The output side of the activity effect in equati®) now changes since it is

calculated using the observed output quantitiespaicgs, Y, ,Y,, P,, B . The activity

effect now also reflects changes in output betwiegh and low quality and the

14



efficient level of input needed to secure the otihanges. The results for the activity

effect in equation (9”) will differ from those callated in equation (9) since it uses the
unobserved input quantitiebX®,X ) where estimates with DEA will need to
include two output vectorsy, andY, instead of the aggregate vector Y, in the linear

programming models (14) and (15). In an analogoasrmar, the results from the
further decomposition of the productivity and aityiveffect into their components
will also differ from those obtained in equatiord®) and (11) since the recovery of
the three unobserved input and output quantitiesisi¢o include two output vectors,

Y, andY,instead of the aggregate vector Y, in the lineagmamming models (15) to

(17). The resource mix effect now reflects changebe efficient mix of input usage
to secure output diigh and low qualitywhereas the product mix effect changes in
the output mix forhigh and low qualityand the scale effect reflects changes in the

mix of output forhigh and low qualitygiven efficient input usage.

The above modifications in the profit decompositith adjustments for
quality can be readily implemented if data for npkt output quality levels is
available. However, in the UK water industry, alistomers of a given water firm
effectively pay the same price for water servicegardless of output quality, as
regulated water prices do not differentiate betweeality of output. Moreover, given
this regulatory practice, it is unsurprising thatile total turnover data is available
separately for water and sewerage services it tsdigaggregated by quality of
service. As a result, we do not in practice havéedint prices for high and low
quality water and sewerage output types, even thoug can observe quantity data
reflecting differences in output quality. Henceyem that regulatory practice results in
no quality related price differentials for a givemmpany, we necessarily and
appropriately proceed with the assumption that gomess pay the same price for high

and low quality outputs. Thus, in our applicatio® wbserve thatP =B, =R . It

should be noted that in the general case the ptiotucf higher quality output may
require more input of each type than the produatibthe same quantity of output of
lower quality. Further, additional input types miag needed for producing higher
quality output that are not necessary for produabugput of lower quality. For
example, different facilities and chemicals aredeekat different stages of sewerage

treatment, primary, secondary or tertiary. Priceisthe different types of resources
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used for output of different quality may also diff€hese factors should be taken into
account in the assessments being undertaken. Ournovdel implicitly allows for
different levels of output quality requiring difeet levels of input but only for inputs
that are common to high and low quality output.isTik true by virtue of the fact that
the DEA model sets the mix of outputs of high aod Iquality against the input
bundle being used by each comparative unit. Howdwerthe purpose of this study
we make the assumption that no additional inpuedypre needed for producing
higher quality output and that prices of inputs s@ependent of the mix of output
quality. This is consistent with previous studielstoe UK water and sewerage
industry by Saal & Parker (2000, 2001 and 2006) @adl et. al (2007). However, in
our empirical application in the linear programmimgdels, we imposed the weight
restriction that the production of high quality put is at least as resource intensive as
the same quantity of output of low quality. We #fere modify our earlier notation to

reflect this empirical characteristic of the Enlglend Welsh water industry.

Given the single output pricd? = B, = B, profits decompose into a quantity
and price effect as follows, using Bennet indicsitorP = ]/Z(P“l + Pt),

Wzl/z(v\/tﬂ +Wt), )szz(xul_'_xt),vh =II,/2(Yht+1+Yht), Y, :]/2(Y|t+l+Ylt):

Nt = =Py, - Y, )+ ™ -y, | -W(x " - x!)  quantity effect
(8")
+[Y, +\7|](Pt+1 - Pt)— Y@/V”l —W‘) priceeffect

However, we need to underline that since Y, +Y, the results from the first

stage of the profit decomposition in equation (&)l be exactly the same as in
equation (8) since the decomposition of profitiat quantity and price effect is
calculated using observed quantities and pricesis,;Tequation (8”) reveals that in
the absence of differentiated prices for differeatput qualities, it is not possible to
gain further information with regard to the overgjlantity effect, even if we

differentiate between different output qualities.

The difference between equations (8”) and (8’)insthe weights used to

evaluate the changes in the output side of thetdyaffect since it is now calculated

using the observed output price3, instead ofB,, B, and the output price of the

16



price effect, which now shows the contribution tofft changes from a change in
output prices and input prices. The quantity effeatv captures the contribution to
profit changes from a change in output productibhigh and low qualityand input

usage, using as weights the observed output pritedp evaluate the changes in the

high and low qualityoutput effect.

Moreover, given thatY =Y, +Y,, P=PB, =R, the decomposition of the

quantity effect into the productivity and activigffects in equation (9') becomes:
PRIV -y )+ (=Y ] -W(X " - Xt)  quantity effect
=W(xt-x®)-W(x**-x¢)]  productiviy effect 9"
#[Privee-ve)+ (v -y | -W(x e - x®)  activity effect

The difference between equations (9) and (9’) nsthe weights used to
evaluate the changes in the output side of theipcéffect since it is now calculated
using the observed output pricd3, instead ofP,, B . Thus, we first emphasize, that
the aggregate productivity effect obtained from @&del differentiating output
gualities is theoretically identical, regardlessadfether we control for differences in
output prices. In contrast, while the input sidetlué activity effect is theoretically
identical to that obtained in equation (9), theiarte on quality undifferentiated
output prices implies an alternative empiricallysetvable weighting of the output

side of the activity effect.

Moreover, the decomposition of the productivityeeffinto technical change
and efficiency change given the assumption of gualndifferentiated output prices
for different output qualities is now calculatedngs observed input quantities and

input prices,(xt,x”l,Wt ,W“l) and unobserved quantiti@SB',XC'), which include
two output vectorsy, andY, instead of the aggregate vector Y. Moreover, given
Y=Y, +Y,, P=PR, =R, the decomposition of the activity effect into oesce mix,

product mix and scale effect will become:
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5[(Yht+1 —Yht)+ (Y,t+1 —Ylt)] —W(X “-X B') activity effect
:W(X P —X C') resourcemixeffect (11"
- 5[(YhE' —Yh“1)+ (YI o —Y,“l)] productmixeffect

+W(X ¥ - X D')— 5[(Yht -Y, E')+ (Y,t -y, E')] scaleeffect

The scale effect captures the change in the efticdeitput levels fohigh and low
output qualitygiven efficient input usage. Also, given thBt= B, =B the product
mix effect will not reflect changes in the mix afitput forhigh and low qualitybut
only changes in the aggregate non quality diffea¢ed mix of outputs. The resource
mix effect and the input scale effect are calculaising observed input prices and
unobserved input quantitif®, X, X®). Thus, the resource mix effect in
particular is invariant to the assumption of gyalihdifferentiated output prices, in a
model that allows for quality differentiated outpguantities. The unobserved
quantities (X B',XC',XD',YE') in equation (11”) are recovered from the observed
quantity vectors (X',Y,,Y")and (X", Y™, Y"" )by means of input and output
distance functions and the linear programming nsdel(13)-(17) will still include

two outputs,Y, and, .

3. Data and Empirical Implementation

Here we decompose the change in profits of Engdsd Welsh water
companies. Our model includes separate outputwdter and sewerage services, and
the three inputs, capital, labour and other inplitee data covers the period 1991-
2008 for a balanced panel of 10 Water and Sewecagganies (WaSCs). Water
connected properties and sewerage connected pgespéft andY,, are our outputs.
They are drawn from the companies’ regulatory refuio Ofwat. Water and sewage

output prices were calculated as the ratio of fg@priate turnover in nominal terms,

as available in Ofwat’s regulatory returns, to nuead output.

The first of three inputs, namely physical capstaick measure is based on the
inflation adjusted Modern Equivalent Asset (MEAjiestes of the replacement cost
of physical assets contained in the companies’ la¢gy accounts. However, as
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periodic revaluations of these replacement cosiestould create arbitrary changes
in our measure of physical capital, we cannot diyeemploy these accounting based
measures. Rather, we use real net investment refthe taken as the sum of
disposals, additions, investments and depreciadgndeflated by the Construction
Output Price Index (COPI). Following Saal & Parke(2001) approach, we have
averaged the resulting year ending and year baginestimates to provide a more
accurate estimate of the average physical capdek @vailable to the companies in a

given year.

We subsequently employed a user-cost of capifadoggh, to calculate total
capital costs as the sum of the opportunity costneksted capital and capital
depreciation relative to the MEA asset values,. ddestructed the price of physical
capital as the user cost of capital divided by #teve MEA based measure of
physical capital stocks. The opportunity cost gfita is defined as the product of the
weighted average cost of capital (WACC) before &axi the companies’ average
Regulatory Capital Value (RCV). The RCV is the fical measure of capital stock
accepted by Ofwat for regulatory purposes. The WAECAculation is broadly
consistent with Ofwat’s regulatory assumptions @@stimated with the risk free
return assumed to be the average annual yieldsedfum-term UK inflation indexed
gilts. The risk premium for company equity and avgie debt was assumed to be 2%
following Ofwat’s approach at past price reviewse \Iso allowed for differences in
company gearing ratios and effective corporataases, which were calculated as the
sum of aggregate current and deferred tax dividetth®& aggregate current cost profit
before taxation. Finally, following the approach @iwat's regulatory current cost
accounts, capital depreciation was the sum of otrreost depreciation and

infrastructure renewals charge.

Moving to our second input, labour, the average lmemof full-time
equivalent (FTE) employees is available from thenpanies’ statutory accounts.
Firm specific labour prices were calculated as rdteo of total labour costs to the
average number of full-time equivalent employedasally our third input, namely
“Other costs” in nominal terms was defined as tifference between operating costs
and total labour costs. Given the absence of dmtaiag a more refined break down
of other costs, we employ the UK price index foatemials and fuel purchased in

purification and distribution of water, as the primdex for other costs, and simply
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deflate nominal other costs by this measure toilotatgoroxy for real usage of other
inputs. Finally, economic profits are calculatedrasdifference between turnover and
calculated economic costs. Table 1 shows the agtgegjatistics for our sample and
all the data are expressed in real 2008 pricesadfoeve this, we divided profits,

turnovers, costs, output and input prices withRifd index to express the changes in

real terms setting the year 2008 as the base year.

As is well documented in past studies (see Saakh&d? 2000, 2001, Saal,
Parker and Weyman-Jones, 2007, Maziotis, Saal aaddssoulis, 2009), the English
and Welsh water and sewerage companies have bdigedlio carry substantial
capital investment projects in order to improve avadand sewerage quality and
environmental standards. Thus, we feel it is imguatrto include the impact of quality
in our profitability, productivity and price perimance measures. We therefore
adjusted water and sewerage output for high andviater and sewerage quality

respectively as follows.

Water quality is defined based on the data reggrdmnking water quality
and were drawn from the DWI’'s annual reports far talendar years ending 1991-

2007. Following Saal and Parker (2001) water qual@y,, is defined as the average

percentage of each WaSC’s water supply zones tieat@mpliant with key water
quality parameters. Water supply zones are aresigridged by the water companies
by reference to a source of supply in which noteran 50,000 people reside. The
drinking water quality can be defined either based the sixteen water quality
parameters or nine water quality parameters idedtifas being important for
aesthetic, health reasons and cost reasons or bas#tk six water quality parameters
identified as being indicative of how well treatmhevorks and distribution systems
are operated and maintained. Due to changes in sbrttee drinking water quality
standards and the new regulations, the DWI remor2005 no longer included the
two quality indices that compared companies’ coarge for the sixteen or nine

water quality parameters with the average for Bmgjland Wales. So we decided to

2 The DWI provides quality data based on calendarsyewnhile all other information employed in this
paper is based on fiscal years ending March @le note this inconsistency in the data, but ersizea
that the reported years overlap each other for @tihgo Thus, the year end to year end estimates of
quality change obtained from the DWI data providasistent estimates of quality change by the water
companies, at a fixed point 9 months into eactafigear.
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base the drinking water quality on the six watealify parametersthat Ofwat also
employs in its assessment. The parameters refl@ot Well treatment works and

distribution systems are operated and maintainéadd©2006).

High drinking water quality,Q is defined as the average percentage of

w,h 1
each WaSC’s water supply zones that are compliatit these six water quality

parameters. Low drinking water qualiY,, is defined as the average percentage of

each WaSC'’s water supply zones that are not conipiéh these six water quality

parameters. The water output for high quality, , is calculated as the product of the
water connected properties and high drinking wateity, Y,,, =Y,Q,,,. The water
output for low quality,Y, , is defined as the product of the water connectegesties
and low drinking water qualityy,, =Y, Q,, =Y, 1-Q,,). Note that the sum of
water output for high and low quality is equal ke twater outputy,, =Y, +Y,, .

The water output price is the same for high and dmality and it is defined as the
ratio of water total turnover in nominal terms @ tsum of water output for high and

low quality.

Sewerage qualityQ),, is defined based on the data regarding the pegerof
connected population for which sewage receivesouaritypes of treatment, zero,
primary, secondary or higher treatment. The sewsggment data were taken from
Waterfactsfor the period 1990-91 to 1995-96 and the comgamegulatory returns
for the fiscal years 1996-97 to 2007-08. We herneedod refer to data based on the

ending year of the fiscal years. High seweragetrtreat quality,Q,,, is defined as

the percentage of connected population receivingeast secondary or higher

sewerage treatment, while low sewerage treatmealitguQ_,, is defined as the

sl
percentage of connected population receiving zerpriomary sewerage treatment.

The sewerage output for high quality,, , was calculated as the product of sewerage

connected properties and the percentage of corth@cpulation receiving at least

secondary or higher sewerage treatméfyf,=YQ,,. The sewerage output for low

quality, Y, ,was calculated as the product of sewerage conngctgzbrties and the

% The six water quality parameters, which form thee@tional Performance Index (OPI) are iron,
manganese, aluminium, turbidity, faecal coliforms &ihalomethanes.
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percentage of connected population receiving zerpriomary sewerage treatment,

Y., =Y.Q,, - Note that the sum of sewerage output for highlandquality is equal to
the sewerage outpuy, =Y, +Y,, . The sewerage output price was the same for high

and low quality and it was defined as the ratic®iverage total turnover in nominal
terms to the sum of sewerage output for high amddoality. Finally, Table 1 shows

the aggregate statistics for our sample and alldéua are expressed in real 2008
prices. To achieve this, we divided profits, turaesy costs, output and input prices
with the RPI index to express the changes in mahg setting the year 2008 as the

base year.

Since our sample includes 10 WaSCs over an 18perard, 1991-2008, we
decided to modify the estimation with DEA as follow order to deal with the small
number of observations each year. Tulkens & Varieeckaut (1995) proposed four
different production sets using DEA in a panel deaanework, the contemporaneous,
sequential, intertemporal frontiers and window wgsial A contemporaneous
production set assumes the construction of a medergroduction set at each point in
time t, from the observations made at that timey.oAl sequential production set
allows the current period technology set to be taoged from data of all the
companies in all years prior to and including therent period. Thus, technologies in
previous periods are “not forgotten” and remainilatée for adoption in the current
period and therefore technical regress is not a@tbvwAn intertemporal production set
assumes the construction of a single productionfreeh the observations made
throughout the whole observation period. Window lysia is a moving average
pattern of analysis, in which each unit in eachiquers treated as if it is a different
unit. The performance of a unit is compared withpérformance in other periods, in

addition to comparing it with the performance dieatunits in the same period.

Drawing on the foregoing and the sequential teabmplin particular, the
reference technology for our DEA models is as feioWe have a balanced panel of
ten observations (firms) for each year over 1990820e decided to pool the data
from 1991-1994 together in order to increase thalmer of observations from ten to
forty. The first sub-panel includes periOt{t15991199219931994} and we use the
observations from these years as a cross secticongiruct our reference technology
and we refer to the corresponding frontier as oarl994 frontier. The second sub-

22



panel contains perioélw911992199319941995} and we use the frontier constructed
using the 1991-1995 data as our t+1 = 1995 fromtnel so on until the last sub-panel
which is actually the entire panel and includesquis{1991199219931994...200§ .

Thus in essence we use the sequential technologhuldens & Vanden Eeckaut
(1995) except that our starting technology is thedyear period 1991-1994.

4. Empirical Results

Before turning to our results, we first considezntls in aggregate WaSC
turnover, costs and profits as reported at Tableh&re aggregate statistics for our
sample are displayed. Focusing on economic profits, notice that there was a
substantial increase in aggregate profits overpiigod 1994 to 2000, from 859.1
million pounds to 1,299.70 million pounds, reachthgir highest level in 2000 over
the entire period of study. In 2001, the first yeatightened price caps following the
1999 price review, the companies were obliged wuce the prices charged to
customers, and there was a substantial declinggnegate profits and the industry
made economic losses except for the year 2006, when2004 price review
introduced new looser price caps. As far as aggeegganover was concerned, it
increased from 7,124.6 million pounds to 7,908.2iom pounds over the years 1994-
2000 but it significantly decreased in 2001 at kel of 7,162.9 million pounds.
Over the period 2001-2008, the aggregate turnomereased significantly from
7,162.9 to 8,494.6 million pounds. Moreover, ecoimooosts increased from 6,267.3
to 8,748 million pounds over the period 1994-2008veng the highest level of
increase over the period 2001-2008. Thus, in aggeeghe increase in turnover after
2001 was outstripped by even greater increasescamognic costs resulting in
economic loss for the water and sewerage compahibe last year of our sample.
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Units 1994 2000 2001 2005 2006 2008

Economic Profit £000000s (2008) 859.1 1,299.70 -186 -227.1 386.4 -253.5
Revenues £000000s (2008) 7,126.4 7,908.2 7,162.9 7,491.9 8,198.2 8,494.6
Total Economic Costs £000000s (2008) 6,267.3 6,608.4 7,349.0 7,718.9 7,811.8 8,748.0
Water Connected Properties 000s 16,665 18,304 029,3 19,821 19,972 20,061
High Quality Adjusted Water Connected Propetties 000s 15,101 17,237 18,412 19,083 19,297 19,442
Low Quality Adjusted Water Connected Propefties 000s 1,564 1,067 890 738 676 619
Sewerage Connected Properties 000s 21,298 22,123 2782 23,017 23,456 23,795
High Quality Adjusted Sewerage Connected Propé 000¢ 16,96: 19,23¢ 20,93¢ 22,647 23,18¢ 23,07
Low Quality Adjusted Sewerage Connected Propérties 000s 4,335 2,884 1,335 370 270 723
Capital £000000s (2008) 192,295 206,597 208,168 213,253 214,362 216,918
Number of employees FTE 38,125 29,685 27,854 27,197 27,554 29,524
Other Input £00(000s (2008 999.t 970.1 958.¢ 824.¢ 819.: 781.¢
Avg. Price for a Quality Adjusted Water Connectedgderty £s (2008) 219.01 198.75 176.9 178.06 193.87 204.35
Avg. Price for a Quality Adjusted Sewerage Conmg:&eoperty  £s (2008) 229.87 2295 175.07 168.01 178.43 185.7
Price for Capital £s (2008) 0.017 0.019 0.023 0.024 0.024 0.028
Price for Labour £000s (2008) 32.17 33.78 33.46 37.63 37.92 36.85
Price of Other Inpufs (2008) 0.74 0.767 0.762 0.889 0.957 1

1. Calculated as the product of water connected ptiegeand the average percentage of each WaSC's sugiply zones fully compliant with key drinking t@aquality parameters

2. Calculated as the product of water connected ptiegeand the average percentage of each WaSC's sugiply zones not corliant with key drinking water quality paramet

3.  Calculated as the product of sewerage connectgrbpiies and the percentage of population rece@irigast secondary or higher sewerage treatment

4.  Calculated as the product of sewerage connectgekpies and the percentage of population receixérg or primary treatment

5. UK price index for materials and fuel purchasegunification and distribution of water

Table 1- Aggregate Profits, Revenues, Costs, Outputs, and I nputs
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4.1. Quality Unadjusted Results

Table 2 displays cumulative profit change and theeds of profit change defined in
equations (8) to (11) for the entire 1994-2008 gutiand the regulatory sub-periods 1994-2000,
2000-2005 and 2005-2008, but without making angvadinces for any differences in the quality
of outputs. Over the entire 1994-2008 period, thangjty effect, efficiency change, resource mix
and scale effect contributed positively to profiaoges, while the price effect, technical change
and product mix effect contributed negatively toffirchanges. Focusing on aggregate profit
change, profits reduced by 1,112.6 million poundsrahe period 1994-2008, which was the
result of significant aggregate profit decreaseimdurthe years 2000-2008 and significant
aggregate profit increase during the years 1994200 aggregate, profits increased by 440.6
million pounds during the years 1994-2000 and reduay 1,526.8 million pounds during the
years 2000-2005 and 26.4 million pounds duringytreas 2005-2008.

19¢4-200¢ 1994-200( 200(-200¢ 200¢E-200¢
Profit chang -1,112.¢ 440.¢ -1,526.¢ -26.£
Quantity effect 1,335.7 538.8 676.4 120.5
Output effect 1,080.4 482.6 413.7 184.1
Input effect 255.3 56.2 262.6 -63.6
Productivity 1,155.¢ 589.7 506.( 60.z
Technical Chang 1,041t 609.: 348.¢ 83.€
Efficiency Change 114.4 -19.6 157.4 -23.4
Activity effect 179.8 -50.9 170.4 60.3
Resource Mix 939.2 147.5 355.7 436.0
Product Mix 2.1 47.1 -90.5 41.3
Scale Effect -757.2 -245.5 -94.8 -417.0
Price Effec -2,448.: -98.1 -2,203.: -146.¢
Output Price Effect 287.7 299.2 -830.0 818.6
Input Price Effect -2,736.00 -397.33 -1,3743. -965.53

Table 2- Cumulative Profit Change and Its Decomposition (2008 pounds, millions)

Looking at the first stage of profit decompositievhere profit change was decomposed
into a quantity and price effect (see equationwd), conclude that over the entire period, the
negative effect on cumulative profit change waskatted to a significant negative price effect

which outstripped the positive quantity effect. Tdwenulative impact of the price effect led to a
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2,448.3 million pounds reduction in profits offsetf the cumulative impact of the quantity

effect which resulted in a 1,335.7 million poundsrease in profits.

At the first stage of profit decomposition, thegarieffect can be further decomposed into
an output price and input price effect and the ¢taeffect into an output and input effect.
During the years 1994-2008, output prices incregsetits by 287.7 million pounds, however,
greater increases in input prices contributed meggtto profit changes by 2,736 million pounds
resulting in the overall negative entire price effd&~ocusing on the sub-periods of our sample,
we conclude that during the years 1994-2000, cogetiie end of the first price review after
privatization and the entire 1995-2000 period cedeby the 1994 price review, there was a
small increase in output prices contributing pesiy to profit changes, 299.2 million pounds.
However, substantial increases in input prices teranted this as they reduced profits by 397.33
million pounds. Furthermore, the dramatically teymd 1999 price review obliged the
companies to reduce their output prices and comignincreases in input prices resulted in a
negative overall price effect which contributed adgely to profit changes, 2,203.2 million
pounds between 2000 and 2005. During the years -2008, output prices increased
significantly, providing evidence that the 2004cprireview was relatively loose and thereby
contributing positively to profit changes, 818.dlmn pounds, whereas increases in input prices
moderated and reduced profits by 965.53 millionnaisuresulting in a small overall negative

price effect.

In contrast to the high negative price effect, twerall positive quantity effect was
attributed to a substantial increase in outputstrdmrting 1,080.4 million pounds to profit
changes. Significant aggregate output increasasri@ct during the years 1994-2000 and 2000-
2005, contributing positively to profit changes,248 and 413.7 million pounds respectively,
whereas small aggregate increase in outputs dtneg/ears 2005 -2008 increased profits by
184.1 million pounds. Focusing on aggregate inigice the input effect increased profits by
255.3 million pounds over the period 1994-2008,clhivas the result of significant aggregate
input usage reductions during the years 1994-20@D 2000-2005 and small aggregate input
usage increase during the years 2005-2008. In gg@peinput usage reductions increased
profitability by 56.2 and 262.6 million pounds resfively during the years 1994-2000 and
2000-2005 and input usage increases reduced pibfitaby 63.6 million pounds during the
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years 2005-2008. It is worth mentioning that durthg years 1994-2000 small increases in
aggregate profits were attributed to the substhpasitive quantity effect which outstripped the
negative price effect. However, the magnitude ef tiegative price effect, derived from both
input and output price effects, during the year8Q®R005 resulted in a dramatic deterioration in
economic profitability between 2000 and 2005, despi substantial positive quantity effect

amounting to 676.4 million pounds.

Looking at the second stage decomposition we s@alie 2 that the positive quantity
effect over the entire period was attributed toigmiicant positive productivity effect and a
small but positive activity effect. During the year994-2008, the productivity effect increased
profits by 1,155.9 million pounds, whereas the\aistieffect increased profits by 179.8 million
pounds. Almost the entire productivity effect caa éxplained by technical change which
contributed positively to profit change 1,041.5 limil pounds, while the contribution of
increased efficiency only amounted to 114.4 milljppunds. In aggregate, the productivity effect
significantly increased profits by 589.7 and 50@lion pounds respectively during the years
1994-2000 and 2000-2005, while 60.2 million poundstribution during the years 2005-2008

was much more modest.

Focusing on the components of productivity effectTiable 2, technical change was
positive during the years 1994-2008, increasinditsrby 1,041.5 million pounds, showing the
highest magnitude of increase during the years -P9®9 and 2000-2005, 609.3 and 348.6
million pounds, respectively. In contrast to thébstantial positive technical change effect,
efficiency change was small and negative duringytbers 1994-2000 and 2005-2008, but did
substantially increase profits by 157.4 million pda during the years 2000-2005.

Focusing on the decomposition of the activity dffiecTable 2, it is concluded that in
aggregate the positive activity effect was maintplained by substantial positive resource mix
which was unfortunately largely offset by the venpbstantial negative scale effect as well as the
quite small negative product mix effect. Over théole period, the resource mix effect
contributed 939.2 million pounds to increased psofivhereas the scale effect and product mix
effect reduced profits by 757.2 and 2.1 million pds respectively. The resource mix effect
increased significantly over the entire period asgpecially during the years 2000-2005 and

2005-2008 suggesting movement to a more cost eficillocation of resources more in line
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with relative factor prices. Thus, over the wholeripd, capital input increased by 12.8%,

whereas labour input decreased by 22.56% as caedrein Table 1, indicating that the water
industry became more capital-intensive and lessuaimtensive. Moreover, the scale effect,

resulting from respective increases in water awgesgge outputs of 20.37%, and 11.72%, did
not lower costs and reduced profits significantlyidg the years 1994-2000 and 2005-2008 by
245.5 and 417 million pounds respectively. Howevbe negative impact of the scale effect
declined during the years 2000-2005. Changes imtixeof outputs, the production of more

output for water services than sewerage serviceeased profits by 47.1 and 41.3 million

pounds respectively during the years 1994-2000 a@005-2008 but decreased profits

significantly by 90.5 million pounds during the ye2000-2005.

Overall, relating the results from the decompositaf profits into several factors in
Table 2 with the regulatory cycle, we conclude thating the years 1994-2000 when price caps
were tightened after the 1994 price review, profitsreased. This increase in aggregate
profitability was attributed to the positive cumtiv@ quantity effect, and still increasing output
prices which just offset substantial increases riput prices. There were also significant
improvements in productivity mainly attributable technical change, indicating that the most
productive companies significantly improved theierfprmance. Furthermore, there was
evidence that changes in the mix of inputs and wstphad a positive impact on aggregate
profitability until 2000. During the years 2000-Z)@hen profits substantially decreased, the
cumulative impact of price effect as captured bsigmificant reduction in output prices due to
the tightened 1999 price review and a high increasaput prices offset the positive quantity
effect. However, there were still substantial pridaty improvements attributed to both
technical change and increased efficiency, indigathat both the most productive and the less
productive firms had strong incentives to improkeitt productivity in order to regain economic
profitability. Moreover, adjusting to a more codti@ent input mix also appeared to have
lowered costs and increased profits. Finally, dytime years 2005-2008, when profits reduced
very slightly, this was explained by a positive adative impact of the quantity effect, and
substantial gains in output prices, which were tloegless almost completely offset by large
increases in input prices. Digging deeper intoghantity effect reveals that changes in the mix

of input, outputs and technical change had a pesithpact on aggregate profitability. However,
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no improvements in efficiency change and increasethe scale of operations significantly
reduced aggregate profitability.

4.2. Results After Controlling for High and L ow Quality

We turn our discussion now to the results from clatiwee profit change and its
decomposition for the periods 1994-2000, 2000-2@d8 2005-2008 when we allow for
differences in the quality of output. As explainedsections 2.2 and 2.3, the sum of water
output of high and low quality was equal to thelgyainadjusted water output and the sum of
sewerage output of high and low quality was eqaahe quality unadjusted sewerage output.
The output price was the same regardless of thel lgfvquality, high or low. Therefore, the
results from the first stage of the profit decompaos in Table 3, the quantity and price effect
will be exactly the same as those in Table 2, wheality is not included in our analysis.
Differences between the quality unadjusted resants the results after controlling for high and
low quality relate to the decomposition of the ditgneffect into a productivity and activity

effect, e.g. in the second and third stage of thétplecomposition.

Table 3 further depicts the results from the dgumaosition of the output effect into high
quality and low quality output effect. The resultglicate that over the whole period the water
and sewerage companies moved to the productionavé rhigh quality of output than low
quality of output contributing positively to the enall output effect and therefore to profit
changes. Over the whole period, high quality owpuicreased profits by 2,067.1 million
pounds. Significant aggregate high quality outpeteases occurred during the years 1994-2000
and 2000-2005, contributing positively to profitaciyes, 902.3 and 1,015.5 million pounds
respectively, whereas small aggregate increasésgn quality outputs during the years 2005-
2008 increased profits by 149.3 million pounds. Usitg on the aggregate low quality output
effect, it decreased profits by 986.6 million posraer the period 1994-2008, which was the
result of significant aggregate low quality outpatluctions during the years 1994-2000 and
2000-2005 and small aggregate low quality outpurease during the years 2005-2008. In
aggregate, low quality output reductions decregzeditability by 419.8 and 601.7 million
pounds respectively during the years 1994-20002800-2005 and low quality output increases
increased profitability by 34.9 million pounds chgithe years 2005-2008.
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1994-2008 1994-2000 2000-2005 2005-2008

Profit change -1,112.6 440.6 -1,526.8 -26.4
Quantity effect 1,335.7 538.8 676.4 120.5
Output effec 1,080.¢ 482.¢ 413.7 184.1
High Quality Output Effect 2,067.1 902.3 1,015.5 498
Low Quality Output Effec -986.¢ -419.¢ -601.% 34.¢
Input effect 255.3 56.2 262.6 -63.6
Productivity 1,089.5 563.5 457.4 68.6
Technical Change 989.4 556.1 321.6 111.8
Efficiency Chang 100.( 7.4 135.¢ -43.2
Activity effect 246.2 -24.7% 219.( 52.C
Resource Mi 1,176.: 275.¢ 520.¢ 379.%
Product Mix 304 -60.9 81.8 95
Scale Effect -960.3 -239.5 -383.5 -337.3
Price Effec -2,448.: -98.1 -2,203.: -146.¢
Output Price Effect 287.7 299.2 -830.0 818.6
Input Price Effec -2,736.0! -397.3:¢ -1,373.1« -965.5:

Table 3- Cumulative High And Low Quality Adjusted Profit Changeand Its
Decomposition (2008 pounds, millions)

The positive quantity effect over the entire pericah be entirely attributed to the
significant positive productivity which offset ttemall but positive activity effect. During the
years 1994-2008, the productivity effect substéigtiamcreased profits by 1,089.5 million
pounds, whereas the activity effect increased tsrdfy 246.2 million pounds. The positive
productivity effect can be entirely attributed ézhnical change which increased profits by 989.4
million pounds and offset the small but positivEogncy change which increased profits only
by 100 million pounds. Focusing on the componehthie productivity effect, technical change
was large and positive during the years 1994-20@D 2000-2005, increasing profits by 556.1
and 321.6 million pounds respectively, whereasighly increased profit changes for the years
2005-2008, 111.8 million pounds. In contrast to théstantial positive technical change,
efficiency change was positive during the years412000 and 2000-2005, increasing profits by
7.4 and 135.8 million pounds respectively, whilgaimained negative during the years 2005-
2008 reducing profits by 43.2 million pounds.

Focusing on the decomposition of the activity dffeeveals that its relatively low
magnitude is the result of the large but contrgsitimpacts of the resource mix and scale effects.

Thus, the aggregate positive activity effect wasigaexplained by a high positive resource mix
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and small product mix effect, which outstripped erylarge and substantial negative scale
effect. Over the whole period, the resource mix pratluct mix effect substantially contributed
to increased profits by 1,176.1 and 30.4 millionumpds respectively, whereas scale effect
reduced profits by 960.3 million pounds. The reseumix effect contributed significantly to
profit change over the entire period and especailgr 2000 indicating that there was a steady
shift to a more capital intensive resource allarathat was more cost effective given observed
input prices. However, the scale effect did notdowosts and reduced profits significantly
during each of the sub-periods detailed in Tabl&Hs, our results suggest that the substantial
savings attributed to a more cost efficient allmratbf resources, as measured by the resource
mix effect, were lost due to the excessive scalthefWaSCs and several mergers during the
period when the WaSCs absorbed water only comp@wes£s). This result is consistent with
previous evidence with regard to the presences#adinomies of scale for the WaSCs (Stone &
Webster Consultants, 2004, Saal and Parker, 206ta$® and Conti, 2009, Saal et al, 2007).

We moreover note that changes in the mix of wistpncreased profits significantly by

81.8 and 9.5 million pounds respectively during ffexiods 2000-2005 and 2005-2008 but
decreased profits by 60.9 million pounds duringpgkdod 2000-2005. However, given the lack
of quality based price data in our empirical modeatyust be noted that this effect only captures
the impact of the change in the relative outputvater services in comparison to sewerage
services. Thus, as can be seen from Table 1, tiewhole period there was an increase in
output for water services of 20.37%, while the ottfor sewerage services increased by
11.72%.

Looking at the two types of profit decompositionjsi concluded that without and after
controlling for quality there were differences hretresults. In both cases, the major determinant
on the negative aggregate profitability is expldin® the overall negative price effect which
outstripped the overall positive quantity effecowever, the difference in the results from the
two types of profit decomposition is on the magaéwf the productivity and activity effect and
their components on the quantity effect. After coling for quality, the impact of the
productivity effect on the aggregate profitabiligduced from 1,155.9 to 1,089.5 million pounds,
whereas the impact of the activity effect on profiange significantly increased, from 179.8 to

246.2 million pounds. In particular, after contiodl for quality, technical change still remained
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the major determinant of productivity effect anchsequently on the quantity effect, however, its
magnitude decreased from 1,041.5 to 984.4 millioanpls. Also, efficiency change decreased
from 114.4 to 100 million pounds but it became rosgitive for the period 1994-2005. Looking
at the components of the activity effect, it is cdoded that after controlling for quality, over the
entire period the resource mix and product mix efi@creased by 236.9 and 28.3 million
pounds respectively, whereas the magnitude of ¢hke ®ffect increased even further, by 203.1
million pounds. It is worth mentioning that the tpgy changes in the components of the activity
effect occurred during the years 2001-2005. Aftentlling for quality, the resource mix,
product mix and scale effect increased by 165.2,3and 288.7 million pounds respectively,
increasing their impact on quantity effect and ¢fime, on aggregate profitability. The bigger
activity effect is attributed to the following faes. Firstly, given the lack of differentiated
quality output prices, the resource mix effect negsg changes in the efficient mix of input usage
to secure output dfigh and low qualityAlso, the product mix effect does not reflect changes in
the mix of output for high and low quality but onthanges in the aggregate non quality
differentiated mix of outputs, ie outputs for waserd sewerage services. Finally, the scale effect
captures the change in the efficient output lef@ligh and low output qualitgiven efficient

input usage.
5. Conclusions

In this study, we firstly applied an input orientgmofit decomposition approach
following the approach of De Witte & Saal (2009heh, we make allowances for differences in
the quality of output, by decomposing the outp@iéafinto high and low quality output effect.
We decompose profit changes into various factoch @8 quantity and price effect, technical
change, efficiency change, resource mix, product amd scale effect, without and after
controlling for quality. We also adapted the sediaéiDEA approach of Tulkens and Vanden
Eeckaut (1995) so that we could compute profit dgmosition even when the number of
observations is extremely limited. We applied orofip decomposition approaches to the Water
and Sewerage Companies (WaSCs) in England and \laéeghe period 1991-2008. The profit
decomposition approaches, without and after cdimgpfor quality, demonstrated differences in

the results with respect to the magnitude of tloelpetivity and activity effect.
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The results before and after controlling for diéieces in the quality of outputs suggested
that over the whole period the main source of negaprofit change was driven by the
substantial negative price effect which outstrippghd positive quantity effect. The overall
positive quantity effect was attributed to substdnhcreases in outputs and a small but positive
input effect. On one level, our analysis demonsttahat the positive output effect was attributed
to a substantial increase in high quality outputschv outstripped the negative low quality output
effect. However, our DEA based decomposition alldv@edeeper analysis, which demonstrates
that the major determinants on the quantity efieste technical change, although its magnitude
substantially reduced during the years 2005-20@8re¢source mix effect, and the negative scale
effect. In contrast, efficiency change and the pobdmix effect were found to have a small
impact on profit change. On balance we would catelthat the substantial savings won by the
WaSCs through capital labour substitution and teeahrchange were lost due to the negative
effects associated with increasing scale. Aftertrotimg for quality, the magnitude of
productivity effect slightly decreased whereas thagnitude of activity effect substantially
increased. This is attributed to the fact that eWeguality differentiated output prices do not
exist, the resource mix effect captures changethenefficient mix of input usage to secure
output ofhigh and low qualitywhereasthe product mix effect reflect changes in the mix o
output for water and sewerage services, and tHe sff@ct captures the change in the efficient

output levels fohigh and low output qualitgiven efficient input usage.

Our methodological discussion suggests that atyuadised decomposition of the output
vector will reveal superior unbiased estimateshef anderlying technology and costs of a firm
even with the assumption of undifferentiated outpiites. Thus, the differentiation of output
guantities by quality does allow an alternativeaeposition of the aggregate quantity effect,
which is arguably superior because estimated tdogmes and distances will better reflect how
quality influences input requirements. Furthermaeen if quality differentiated output prices
are not available, the decomposition of the pradiigteffect and its components, technical
change and efficiency change, the resource mixteéffied the input price effect are invariant, in
a model that allows for quality differentiated outtguantities. Moreover, it is clear that future
applications in which quality differentiated outgarices are available, would allow researchers
to not only better model the impact of quality qugnchanges on costs, but would also allow

researchers to impact how quality related pricengka impact firm revenues and hence profits.
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Thus, our theoretical model demonstrates a strdmmard and integrated methodology that
researchers could employ to conduct a fully integtaanalysis of the impact of output quality
change on profitability, thereby addressing a madhagical issue not previously considered in

the profit change literature, and which should eeeagally applicable.

We also note that our study has illustrated thatagplication of a profit decomposition
methodology facilitates a backward-looking approtiat allowed conclusions to be drawn with
regard to the impact of price cap regulation on financial performance of the regulated
companies when the number of observations wasnegtyelimited. This methodology should
enable regulators and regulated companies to fgeh& sources of profit variation and aid them
to evaluate firstly the effectiveness of the piie@ scheme and the performance of the regulated
companies. Also, profit decomposition enables #wulator to identify those sources of profits
that can be passed along to the consumers e.gm@ngvements in productivity that could pass
to the consumers in terms of lower output pricesr @ethodology can also be used by the
regulated companies to identify the determinantghefr profit changes and improve future
performance, thereby leading to future profit galimus, we also emphasize the relevance of

profit decomposition methodology in regulated indes as well as more generally.

Finally, the results from the two types of profécdmposition have significant policy
implications for the regulated UK water and sewerdagdustry and can be summarized as
follows. Firstly, the substantial capital investrhgmograms carried output by the water and
sewerage companies since privatization leadede@tbduction of high quality output and the
reduction of low quality output. Secondly, sign#ic productivity improvements which
contributed positively to profit changes were myialktributed to technical change, whereas
gains in efficiency were small. This finding is swstent with Cave’s review (2009) findings
which suggested that since privatization the maiwved on productivity growth for the UK water
and sewerage sector was attributed to technicalgehahowever, our findings also suggest that
technical was falling over time. Finally, the rasuirom the profit decompositions showed that
the resource mix effect was significantly large aoditive over the whole period indicating that
the water and sewerage industry moved to a castezft allocation of resources by substituting
labour with capital and therefore contributing piesily to profits. However, any substantial

savings occurred by the resource mix effect wesedoe to excessive mergers. The scale effect
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was negative over the whole period and substaytiatireased after 2000 indicating that the
mergers occurred in 2000/01 had a negative impactaggregate economic profitability.
Therefore, this finding suggests that mergers weteprofitable for WaSCs which is in contrast
to Cave'’s review (2009) recommendations which ssggefurther mergers in the UK water and
sewerage industry. We strongly believe that thislifig is important as it will allow further
analysis on developing methodologies to exploreithee of economies of scale and scope and
conclude about the most economically efficientcttrite and the existence of vertical integration
economies in the UK water and sewerage inglustr
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