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Abstract

The purpose of this paper is the evaluation ofowariprofit drivers such as price
changes, productivity changes and quality levelshenfinancial performance of the
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observations is limited. We thereby follow Maziptisaal and Thanassoulis (2012)
approach and extend it by measuring the impackafenous factors such as drinking
water and sewerage treatment quality on profitgbilproductivity and price
performance measures. The results suggest thae wihlity improvements have
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reduction in average price performance, gains odyctivity and stable economic
profitability were apparent. This trend indicatesfw@’s policy on passing
productivity benefits to consumers, and sustairstaple profitability than it was in
earlier regulatory periods. This technique is dagrinterest for both regulators and
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1. Introduction®

The water and sewerage industry in England and $\edes privatized in 1989
and before privatization there were 10 RegionalaNAuthorities responsible for the
water and sewerage supply in England and Wale8@r&tatutory Water companies,
which were already privatized companies that welg tesponsible for the supply of
water. After 1989, the 10 Regional Water Authositigere privatized and formed the
Water and Sewerage Companies (WaSCs) and the 2®%tdByaWater Companies
became Water Only Companies (WoCs). Today therel@rg®VaSCs whose duties
include the supply of water in areas that are ngpbed by the WoCs, and the
collection, treatment and disposal of seweragdliaraas. However, there are now
only 11 WoCs, after mergers and takeovers. The V8aS@ply drinking water to
80% of the population in England and Wales with W&0pplying the rest. There are
three regulatory bodies in the water and seweradasiry. The Office of Water
Services (Ofwat), which is the economic regulatod aets the price limits for each
company every five years, the Environment Agenck)(Bwvhich is responsible for
pollution control, licensing and regulation of wat&bstraction, and the Drinking
Water Inspectorate (DWI), which is responsible fmntrolling and monitoring
drinking water quality.

There were plenty of studies in the past that (&edhastic Frontier Analysis
(SFA) or Data Envelopment Analysis (DEA) techniqgi@sneasure the productivity
performance of the UK water and sewerage indusfgrb and after privatization and
evaluate the impact of the regulatory price cagsehon their financial performance
(see Maziotis (2012) for a comprehensive literatndew). However, few studies
exist that use index number techniques to measreverall performance (profits,
productivity and price performance) of the UK watmnd sewerage sector. The
importance of index numbers lies on the fact thaytallow the measurement of the
performance of companies when the number of obBengis extremely limited. A
significant advantage compared to other estimagohniques such as SFA and DEA

which require a relatively large number of obsdorat to specify an efficient frontier

! The authors would like to express his gratitudettie support of the Economic and Social Science
Research Council as well as the Office of WateriBes (Ofwat), and note that the usual disclaimer
applies.



The first profit decomposition analysis using indeximbers to assess
performance measurement in the UK water and seweralyistry was developed by
Saal and Parker (2001), originally introduced byt&& & Tretheway (1999) for the
Australian telecommunication industry. Saal anck&af2001) employed a temporal
(over time) Torngvist index approach to measure ithpact of privatization and
regulation on productivity (TFP), price performanEPP) and profitability for
WaSCs for the years 1985-2000. The authors condlutiat indicated that
privatization did not lead to a significant improvent in the overall productivity
growth of WaSCs, whereas the tightened 1994/9% preiew reduced firm-specific
economic profitability but there were not any sfg@int improvements in
productivity. Moreover, Saal and Parker's (2001prapch was then developed by
Maziotis, Saal and Thanassoulis (2009) and (20m#.former used a cross sectional
(spatial) index number technique to allow for theoss-sectional (spatial)
measurement of TFP, regulatory price performanceP}T and profitability and
showed the subsequent comparison of how these c®ms®onal measures have
changed over time. Changes in TFP, TPP and prdiiyalvere measured after taking
into account the impact of exogenous charactesissiecch as drinking water and
sewerage treatment quality. Maziotis, Saal and agsoulis (2012) developed a panel
index approach across WaSCs over time to decompusspecific (temporal) index
number based profitability growth as a functiontled profitability, productivity and
price performance growth achieved by benchmark djrend the catch-up to the
benchmark firm achieved by less productive firmewdver, the authors did not take
into account the impact of quality in the produityivand price performance measures.

Therefore, the purpose of this paper is to follonazidtis, Saal and
Thanassoulis (2012) approach and extend it by miegsthe impact of exogenous
factors on profitability, productivity and price fi@mance measures. As adjustments
for quality affect the productivity and price parftance measures leaving the
measured economic profitability unchanged, the-sipécific profitability growth can
be expressed as a function of the unit-specificlityuadjusted productivity and
quality-adjusted price performance change. This lanfurther decomposed as a
function of the quality adjusted catch-up in praikity, and the quality adjusted
productivity growth of the benchmark firm, and tpeality adjusted catch-up in price
performance, and the quality adjusted price peréorre growth of the benchmark

firm. The inclusion of quality in our analysis alle us to finally decompose unit-
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specific economic profitability change as a funeta the quality unadjusted catch-up
in productivity, the catch-up in quality regardimgyoductivity, and the quality-
unadjusted productivity and quality performancerotmne of the benchmark firm,
and the quality unadjusted catch-up in price peméorce, the catch-up in quality
regarding price performance, and the price perfaseaand quality growth of the
benchmark firm. We illustrate our analytical decasifion of profit change with an
empirical application to the regulated English &dlsh water and sewerage industry
during the period 1991-2008.

This paper unfolds as follows. Sections 2 and 3siwer the methodology
necessary to apply this approach in a bilateralraaliilateral context. The following
section provides a discussion of data employed thednext section details the

empirical results. Section 6 eventually concludes.
2. Methodology

2.1. Unit specific Profitability, Productivity and Price Performance I ndices

Following the approach of Waters & Tretheway (19%3al & Parker (2001)
and Maziotis, Saal and Thanassoulis (2012) we rivstisure profits, productivity and
price performance between two time periods, yeand the base yedrfor firm i.

Economic profits of firmi at the base year IJ,,, are defined as a ratio of total
revenues,R ; and total costs in year I;,,. Total revenues of a firm at period
1,R,, are defined aR, =P, xY,,, where P and Y;, respectively represent the

output price index and the aggregate output indéxperiod 1. Similarly,

C.. =W, xX,, .We can thus define and decompose a unit-spgtéfimporal) index

of economic profitability for firmi at periodt relative to the base period &, as

follows:
Re R Yoo R
quszm = C"t :V\{’txi’t :TFFi)’t ><TPFi)’t = Yil X R'l = YIL#S X RL:S :TFPJSXTPPJS (1)
‘"N, R, RN, TFR, TPR, X, W, xU wps
C:I,l W,lxi;l. Xi,l W,l

Thus, the unit-specific economic profitability inde7z® can be expressed as a
function of an index of unit-specific total factoroductivity in period t relative to the
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base year 1,TFF{E§S and an index of unit-specific total price perfomoa between
period t and 1,TPR°. As TFRYS =Y /X% and TPRY® = PV /W$® these indices
can be further decomposed as functions of the gptific output ¥,;° =, /Y;,),
input  (X;° =X;,/X;,), output price B;°=P,/P,) and input price
(WLJS =W, /W ) indices. This decomposition highlights that oleer changes in
unit-specific profitability over time can be expiad by changes in productivity,
changes in price performance, or changes in both.

2.2. Spatial Profitability, Productivity, and Price Performance Indices

We next consider the relationship between profiigductivity and price
performance for firmi relative to a base firmbat time t, which we call a spatial index,
thereby adopting the terminology employed in thegpmdex literature (Hill, 2004).
As a result of its definition, these indices onliredtly measure differences in
performance in the spatial dimension (between firatisany given time. Economic

profits of the base firmbat time t,M,,, are defined as a ratio of its total revenues,
R,; and total costsC, , at time t. Thus, the total revenues of the base b at
period t are defined &, = R, xY,,, where B,,and Y,, present the output price

index and the aggregate output index respectivethe base firmb at period t. Its

total costs at year tC,,, are defined axC,, =W, x X,,, where W, and X,

denotes the input price index and the aggregatat imolex respectively of the base

firm at year t. Similarly, we can define economioffis of any firmi at periodt, 1,
as a ratio of its total revenueR,, and its total costsC,,. We can thus define and

decompose a spatial economic profitability index day firm i relative to the base

firm b at period t,77;, as follows:

Re R Yoo R
S S
o = Ny _ Gy WX, _TFR. TPR Y, PRy _ Yi,; Xi,; —TFRS xTPFS (2)
’ rIb,t & Ra,th,t TFFt))t TPFt)Jt Xi,t \Nl,t Xi,t it ’ ’
Cb,t V\{J,t Xb,t Xb,t \/\4),’(



Thus, at time t, a spatial economic profitabilitydéx, nﬁ can be expressed as a

function of an index of spatial total factor prativity for firm i relative to the base

firm b, TFPif and a spatial index of total price performancevieen firm i and the
base firmb, TPP;. As TFRS =Y;/X5 and TPR; = P$/W; these indices can be
further decomposed as functions of the spatial wutfy;; =Y, /Y, ), input

(X5 =X, /X,, ), output price B =P,/R,,) and input price W5 =W /W,,)
indices. This decomposition of spatial profitalilitighlights that, at any given time,

observed differences in profitability between firoen be explained by differences in

productivity, differences in price performance ddferences in both.

By definition spatial indices estimate firm's performance relative to any
potential base firnb, and can therefore be employed to measure catch vglative
performance. Thus, if we have access to data ®ob#se year 1 and any other year t,

we can define and decompose an index of econorofitadility catch up for any firm

i at time t and relative to the base fitmat period t, 77, ,as follows:

Y,S Plf

w5, _TFRS TPRS Y5 PRI _YS RS S
= = ~ X = XWYS :X'C XWYC =TFR xTPP} 3)
it it i

it

" S TFRS TFRS XS
X5 W3

Thus, for firmiat time t, an index of economic profitability catap, ﬂﬁ can be
expressed as a function of an index of total faptoductivity catch up for firm
relative to the base firrb, TFF{‘f and an index of total price performance catch up
relative to firmb, TPR. As TFRS =Y /XS and TPR{ = RS /WS these indices can

be further decomposed as functions of catch upc@sdfor outputs \(f :Yi,?/Yi,?.)’

inputs (X5 = X5/X5), output prices B =P/P5) and input prices
(WS =W$ /WS3). This decomposition of profitability catch up higghts that a firm’s
catch up in profitability can be explained not ordy improving its productivity

performance relative to the base firm, but alsoirbgroving its price performance

relative to the base firm.



2.3. Relative Profitability, Productivity and Price Performance Indices

We finally define the relationship between profifgoductivity and price
performance for any firm at any timet relative to a base firnb at the base tinie
As by construction these indices are measuredveltd a constant base for aland
all i, they therefore capture differences in both thatiap and the temporal

dimensions for any given firm at any given time.

As above, we define the economic profits of theetfasn bat year 1,1, ,, as
a ratio of its total revenuesR , and total costsC,,, at year 1. Thus, the total
revenues of the base firim at period 1 are defined &, = R, xY, ,, wherePR,; and
Y,, present the output price index and the aggregatpub index respectively at
period 1. Its total costs at year C,,, are defined a<,, =W, x X, ,, whereW, ,

and X, , denotes the input price index and the aggregatat imdex respectively of

the base firm at year 1. We can thus define andrdpose a relative index of

economic profitability change at time t for firmrelative to the base firmb at time

1, 71 , as follows:

t )

Re R Y. PR
mn, C, W,X, TFP, TPR Y,, B, Y% PR
nipi —_ it _ =it Tt it bl x bl — |,tR _t _TFF?T XTPFI)T (4)
nbl & P Y TFPbl TPPb;L Xi,t \Ni,t Xi,t \Ni,t
Cb,l Wb,lxb,l Xb,l Wbl

Thus, for firm i at time t, the relative economic profitability id ﬂﬁ can be

expressed as a function of an index of relatival tfzctor productivity for firmi at

time t relative to the base firh at time 1, TFRY ,and an index of total price

performance for firmi at time t relative to the base firmat time 1, TPR;. As
PY=YR? /X" and TPPT = P§ /W these indices can be further decomposed as

functions of the relative outpu¥§ =Y, /Y,, ), input (X} = X,,/X,,), output price

(P¥ =P,/R,,) and input price .} =W, /W, ) indices.

Given the binary definition ofr7; and its componentsTERY, TPRT, YT,

XR

Lt

PR andW . ) these relative performance estimates are theatfltiequivalent to
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the separate binary performance estimates prowigetthe unit-specific and spatial

performance measures. Thus, asgiy =7, /ny, TFRY =TFRT /TFRY,

TPRE =TPRY/TPRY, Y =YE/¥I, X =X0/X5, R®=R{/RI and
WY =W /W it is straightforward to demonstrate that”s can be estimated and

fully decomposed as a function of relative perfonceameasure estimates.

YR PR
it it
e X5 RY_TERD TRR!
it TR TR SWWR R R (®)
o X Wi TER, TPRY

Similarly, as 7, =m,/m,, TFR;=TFP}/TFR:, TPR;=TPP}/TPR},

t

Y3 EYE/Y XG =X/ X RY =RY/RY andWE =W /W

oo
YL RE _TFRY TPRS
" ﬂkst X i',_\; VVI ItQ TF PbFi TPPbR;

R R
Xb,t Wb,t

(6)

Estimates ofz can then be constructed with the underlying regaprofitability

indices, and can in fact be constructed as the Ktieither unit specific or spatial
indices as defined in (5) and (6). This also cleal®émonstrates that the catch up

index is, at its core, simply a ratio of unit sgiecprofitability growth rates.

U ur
s R R us
c _ Ty _ Ty _ 70, _ T 7
iy =—5 < R ~ R ~ _US ()
Ty T,y Ury: Ty
R R
Ty 4 Ty 4

Moreover, by rearranging (7) and decomposing tloditability index we can write:
7 = i, <y = (TFRS < TFR? )x(TPRS xTPRY) (8)

Thus, given the availability of relative performanimdices, the temporal economic

profitability of a firm iover time, 77> can be decomposed as a function of the

profitability growth of the base firnb, nﬁf‘ and the profitability catch-up of the firm
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i relative to the base firm between year 1 andﬁt,, e.g. profit performance of any

firm can be decomposed into a measure capturingptbft change of a reference
firm, and the given firm’s performance change ietatto that reference firm.
Equation (8) therefore highlights the strong padtnto apply this index based
approach to regulatory settings where it is delrab not only measure firm
performance, but also to judge that performancative to a base firm, normally
defined as a “best practice” or “benchmark” firnguation (8) previously developed
by Maziotis, Saal and Thanassoulis (2012) lacksrtipact of exogenous factors like

quality in a profit decomposition analysis.

Therefore, as is well documented in past studies Saal & Parker 2000,
2001, Saal, Parker and Weyman-Jones, 2007, Maz&da and Thanassoulis 2009),
the English and Welsh water and sewerage compédraes been obliged to carry
substantial capital investment projects in ordeintprove water and sewerage quality
and environmental standards. Saal and Parker (2@0d#) Maziotis, Saal and
Thanassoulis (2009) demonstrated that quality ingmmeents do significantly impact
temporal and spatial productivity and price perfante estimates. Thus, we feel it is
important to measure the impact of quality in ouitigpecific, spatial and relative
profitability, productivity and price performanceeasures, thereby allowing for the
cross sectional and intertemporal variation in gbe/age and drinking water quality.
We therefore calculate quality-adjusted measuresugfut, as the product of output
and a quality index following the approach of Saat Parker (2000) and (2001),
Stone & Webster Consultants (2004), Saal et al,07{R20 Maziotis, Saal and
Thanassoulis (2009). As a resuyltquality is included in a profit decomposition
approach as an exogenous factor and is intendexbritrol for changes over the
assesment period in water quality, environmentahddrds and characteristics that
reflect differences between firms in terms of thgperating environment (Stone &
Webster Consultants, 2004).

Once the gquality adjusted water and sewerage aigretconstructed, quality
adjusted indices are straightforward to producefjrigy producing spatially consistent

quality adjusted output indicesYif'Q). A spatial aggregate quality-adjusted

aggregated output price index is then construae®:° = RS /Y,$°. We can also



derive a spatial implicit quality indeqft) which measures the implied difference in
quality relative to the base firm &5 =Y;$° /Y. Therefore, quality adjusted spatial
outputs and output prices can also be respectigrfyessed a¥,;° =Q7%Y,$ and

RS9 =P} /QS , which illustrate that the impact on spatial outguantities will be

perfectly balanced by changes in spatial outputsti This also implies that measured
spatial economic profitability icf't) is not influenced by quality adjustment. In
contrast, the impact of quality adjustment imptiegt quality adjusted spatial TFP can
be expressed asTFR?® =QSTFR; and similarly, quality adjusted spatial price

performance can be expressed &P:°? =TPP;/QS and spatial economic

profitability can be decomposed ag, = TFR;°TPRS?.

In an analogous manner, we can derive measureslaifive quality adjusted
output indices over timeY,;? and relative implicit quality index over timeQ()
which measures the implied difference in qualitgioirme relative to the base firm at
the base period a@ﬁ :Yi?'Q/Yi?. Therefore, measures of quality adjusted relative
outputs and output prices can also be express¥f s Q7" and PF° =P?/Qf .
Thus, quality adjusted relative TFP and TPP ovemetican be expressed as
TFP,RQ = QRTFP® and TPRY® =TPRY/Q7, whereas the relative economic
profitability over time asz, = TFRY°TPRT?. This also implies that measured
relative economic profitability/(zft) is not influenced by quality adjustment. Also,
we can produce measures of unit-specific qualifysidd output indices over time,
Y2>? and implicit quality index over time Q") which measures the implied
difference in unit-specific quality over time &> =Y,;>°/Y,\°. Therefore, estimates
of temporal quality adjusted outputs and outputg®ican also be expressed as
Y32 =Q Y and P{®° =PR}°/Q7. Thus, the quality adjusted unit-specific TFP
and TPP over time can be expressed asP'°° =Q TFP® and

TPR? =TPP'®/Q"°, while the unit-specific economic profitability ew time

aSﬂtJtS = TFP,L:SQTPRL:SQ
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As stated above, our adjustment of output priced guantities for quality
implies that any changes in the quality adjuste® TiRlex over time are balanced by
an equivalent proportional change in the qualityustgéd TFP index over time,
thereby keeping the measurement of economic phbafita unaffected by quality
adjustment. We wish to emphasize that this is samable assumption. Firstly, taking
account of quality should not effect our underlyimgfinition of economic
profitability as turnover divided by economic costSecondly, it reflects the
mathematical necessity that if turnover is constalibwing for increases in output
resulting from quality improvements, must resultiperfectly proportional reduction
in output prices. Therefore, by adjusting TFP amPTmeasures for quality keeping
economic profitability unchanged, we are able tferoan alternative decomposition
of unit-specific profitability growth, which will mre properly attribute quality
improvements to productivity improvement, ratherarthto over estimated
improvements in price performance that would redudm a quality-unadjusted
measure. Moreover, as we will illustrate, this adoa further decomposition of
equation (8) into the catch-up in quality regardprgductivity and price performance
achieved by less productivity firms and the quagitpwth in productivity and price

performance of the base firm in a multilateral et

Given the derivation of the spatial implicit outpyuality index th) which
measures the implied difference in quality relativethe base firm, we are able to

construct measures of the catch-up in qual@,ﬁ,, as a ratio of the spatial implicit

S
quality index for any firm i to the base firm bewve year 1 and tht :Q—ig .

i1

Moreover, given the availability otDlst Qif’ts and ij the catch up in quality can be

expressed in a similar manner to what was demdesdtia equation (7):

Q" of
Q% _QL _ QL _QY ;
%oy TR Ton T ®)
Q% QR
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Rearranging (9), we can express the unit-specifality index of any firm i over time
as a function of the catch-up in quality to thedbfisn and the quality improvement

of the base firmQ"> = Q5Q;; -

Given our discussion of our approach to qualityatipent, the decomposition
of firm specific economic profitability change di¢a in (8) can now be extended, in

the multilateral context, as follows:

713 = mm; = (TFRCTFRS)(TPRITPRY)

= (rery=e frpesc) = (rres eTrryse PRt oTPR) @)

-t T | o

It bt

Thus, as in (8), in the first line of (8"), unitegfic economic profitability change,

ﬂfts, can be decomposed as a function of the qualitgdjusted catch-up in
productivity, TFF}f and the productivity growth of the benchmark tiriI?IFH}”tS and
the quality unadjusted catch-up in price perfornean@PR; and the price

performance growth of the benchmark firFI’F,’PbL,’tS By including quality in TFP and

TPP measures, in the second line of equation (B¢, unit-specific economic

profitability over time can be expressed as a fiomcof the unit-specific quality

adjusted productivity,TFF}’Lt’S'Q and quality-adjusted price performance change,
TPR}>? . This can be further decomposed as a functichetjuality adjusted catch-
up in productivity, TFR$® and the quality adjusted productivity growth ofeth
benchmark firm, TFR,>? and the quality adjusted catch-up in price pertomoe,
TPPif'Q and the quality adjusted price performance groeftlthe benchmark firm,
TPPb‘ftS'Q. Finally, the third line of (8") demonstrates tinepact of quality in TFP and

TPP measures over time. Thus, unit-specific ecoagmufitability change,ﬂif’ts, can

be decomposed as a function of the quality unaefjustatch-up in productivity,

TFF{ff, the catch-up in quality regarding productivityifft and the quality-unadjusted

12



productivity and quality performance over time bk tbenchmark firm,TFH},’tSand
;’f and the quality unadjusted catch-up in price pmfmce,TPF}f the catch-up in
quality regarding price performancé/ th and the price performance and quality

growth of the benchmark firm[PR, *andl/ Q;; . If TFRS >1or TPRS >1, then firm

i improved its productivity or price performanceatele to the base firm from year 1

to t, whereas a value lower than 1 indicates thadyrctivity or price performance of

firm i has declined relative to that of the base firmQff >1 or 1/Q; <1, then the

firm i improved its quality regarding productivity or gei performance relative to the
base firm from year 1 to year t, whereas a valueefathan 1 indicates that relative
quality regarding productivity or price performanmefirm i has declined relative to

that of the base firm.

Finally, the decomposition of the unit specific Bomic profitability over time
in equation (8’) can be visualized in Figure 1. &djustments for quality affect the
productivity and price performance measures leavihg measured economic
profitability unchanged, the unit-specific profithly growth can be expressed as a
function of the unit-specific quality adjusted puativity and quality-adjusted price
performance change. This can be further decompased function of the quality
adjusted catch-up in productivity, and the quadithusted productivity growth of the
benchmark firm, and the quality adjusted catch-uppiice performance, and the
quality adjusted price performance growth of thedbenark firm. The inclusion of
quality in our analysis allows us to finally decomsp unit-specific economic
profitability change as a function of the qualityadjusted catch-up in productivity,
the catch-up in quality regarding productivity, ahé quality-unadjusted productivity
and quality performance over time of the benchniimnk, and the quality unadjusted
catch-up in price performance, the catch-up in iuakgarding price performance,
and the price performance and quality growth oftteechmark firm.
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Figure 1 Decomposition of Unit Specific Economic Profitability Change after Adjustmentsfor Quality



2.3. Multilateral Productivity, Price Performance and Profitability
ComputationsIn Practice

2.3.1. Chained Unit-specific Productivity, Price Performance and Profitability Over
Time

In this section we define chained unit-specificfipatility, productivity and
price performance growth. Temporal Fisher outpud arput indexes between two

time periodsl andt, wherel is the base period in the casembutputs andninputs

forafirmi are respectivelyy,, and X, :

M M N N
Seeve Sene Swrxp Swex;

1 1
2 2

Y. = x 55 ] X =l X5 ] (10)
RN RN DX Y WX
m=1 m=1 n=1 n=1

where Y™ and Y;" denote the quantities for theith output for periodst and 1
respectively, whereasX! and X present the quantities for theth inputs for
periodst and 1 respectively. MoreoverR™ and R™ are the prices fomth output,

while W," and W," denote the input prices. The Fisher output andtiimmexes of a

firm i between two time period$,and t, can also be expressed as the geometric

means of Laspeyers and Paasche output and inpekead A temporal Fisher

productivity index,TFP, is constructed as a ratio of Fisher output indeative to
Fisher input index, which takes the value 1 inyhar 1 (base period):

Vi

TRR, =

(11)

it

A temporal Fisher productivity index can be usedthie unchained form denoted
above or in a chained form where weights are mdéwsety matched to pair-wise

comparisons of observations (Diewert & LawrenceQ&0 The unit-specific output
and input indices are thus chained indicé$; and X7 between observations 1 and

t which are given by:

t12 XY 03 X XY Ly Xi(,;tH =1IX X 15 X X 53 %X X (12)

it-1t
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The unit-specific productivity of a firmi over time can be similarly calculated as a

chained index, although it can be equivalently waled as a ratio of the chained

unit-specific output and input indices over tim&," and X" :

CH

Y.
TFRS = —- (13)

CH
it

Given these chained unit-specific indexes, we carctged to derive related
TPP and Profitability indices as in Saal and Pa(k@01). To derive TPP index we

firstly express unit-specific turnover at periodrdlative to the base year 1 as

"> =R, /R . The chained unit-specific aggregate output pmckex, (Rf”) is then
calculated asPS" = R’ /Y,{" . Similarly, we express unit-specific nominal economi
costs at period t relative to the base year 1ICH5=C,, /C,,. The chained unit-
specific aggregate input price inde@l\/ift:“) is then calculated a8/{" =C"° /X" .

Finally, a chained unit-specific TPP index for dmn i over time, (TPP" ) can be

obtained as:
R
YCH PCH
CH _ it _ it
TPPi,t - C-US _WCH (14)
it it
X

Therefore, a chained unit-specific economic profliey index at period t relative to
the base year 17;rfftH is calculated as the product of a chained indexwit-specific
CH
t

total factor productivity over timeTFP " and a chained unit-specific index of total

price performance over tim@PP$" .

2.3.2. Spatial Productivity, Price Performance and Profitability

In the previous section, we used a chained Fishelex to measure
profitability, productivity and price performancd any firm between period 1 and
period t. In this section, we derive a multilatdréher index to measure profitability,
productivity and price performance across compaatesny given year (multilateral
spatial comparisons). When the price and quantd@ess different companies are

16



compared, it is important that such comparisons usrdertaken for every pair of
companies being considered (multilateral compasgsaddowever, in order to achieve
consistency between all the pairs of comparisonsneed to derive multilateral
indexes that fulfill the property of transitivitynternal consistency (transitivity)
implies that a direct comparison between two firgiges the same result when

comparing indirectly these two firms through adhirm.

Therefore, binary Fisher output and input indicebMeen two firms i and

j.Y,; and X;, can be converted into multilateral consistent fitares indices by
applying the EKS method developed by Elteto-KovEd6¢) and Szulc (1964) to
derive transitive Fisher indices (see Caves, Gimsgn and Diewert (1982a), Diewert
and Lawrence (2006) and Ball et al (2001) for awksion on multilateral transitive
indices). We therefore derive transitive Fishempaotitand input indices using the EKS
method, which is equivalent to taking the geometr&an of thd possible direct and
indirect (through any possiblé3irm k) binary Fisher comparisons of firmsndj.

The resulting Fisher output and input indicé@? and XijS therefore fulfill the

transitivity property:
| 1 | 1
Y = D[Yik * Yy ]T Xj = D [Xik X ij]T (15)

Adopting the terminology of the price index litareg (Hill, 2004) we refer to these
multilateral output and input indices as spatialides, as they provide spatially

consistent measures across all firms.
The spatial total factor productivity Fisher index a firm i relative to firmj,

TFPiﬁ, can then be constructed as the ratio of theap@her output index relative

to spatial Fisher input index:

Y--S
S _ 1
TFPS = s (16)

s
ij

While we can generate thiex| possible transitive spatial output, input and
productivity indexes between all firms, transitywialso implies that all meaningful
information with regard to relative productivity &vailable in a subset of only of
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these indices. Thus, if we arbitrarily choose dna s a base firm and set b, then
each spatial measure, is a measure of firnlative to the chosen base firm and we
can also simplify notation such thaFP} =TFP®,Y.} =Y,°, X3 = X°. Therefore,

productivity relative to the base firm’s productiwcan be expressed as:

S

TFPS = (17)
X

S

i
However, this simplification comes at no loss ofmgeality as another spatial
productivity measure between any given firms campty be calculated as

TFRS =TFR®/TFP®. Similarly, Y5 =Y°/Y and X = X/ X?.

If spatial comparisons are available for each dfmie periods indexed by,
and we assume the same base firm in all yearsawelefine the spatial productivity

of firm irelative to firm b at time t as:

TFP® = Y

it~ X,St (18)

We now turn our discussion to the constructionhef $patial total price performance
index, (TPPif). Firstly, we express turnover of a firnrelative to the base firm as
Ri =R,/R,,. The spatially consistent aggregate output prickxn (P,f) is then
calculated asR; = RS /Y3 .Similarly, we express nominal economic costs dfra f
relative to the base firm a@f; =C,,/C,,. The spatially consistent aggregate input

price index, (W ?) is then calculated a&/$ =CS3 /XS . Finally, a spatially consistent

TPP index of any firm relative to the base firm at any given time(Tﬂ?Pif) can be

obtained as:
R
N pS
S _ it _ it
TPF)i,t - CS _WS (19)
it it
XS
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Therefore, a spatial economic profitability indetxtiane t, nﬁ is calculated as the

product of an index of spatial total factor protivty for firm i relative to the base

firm b, TFPif and a spatial index of total price performancevieen firmi and the

base firmb, TPP?.

2.3.3. Relative Productivity, Price Performance and Profitability Change Over Time

In order to simultaneously measure and decompaserttfitability growth of
any firm in the sample across time and relativeotber firms, in practice it is
necessary to reconcile the spatial profitabilityaswees defined above with the
underlying unit-specific chained profitability ofaeh firm. This is because while
section 2 has theoretically demonstrated that ivelgtroductivity measures can be
expressed as a function of unit-specific and spptiaductivity measures, this is not
as straightforward in a multilateral empirical dpation. Thus, as demonstrated by
Hill (2004) we cannot, in practice, derive multdedl measures of the productive
change of any firm relative to the base firm, which can satisfy bspiatial and

temporal consistency.

We have therefore chosen to pursue measures tifzeefgoductivity change
over time that guarantee spatial consistency, iasafyproach is most consistent in the
regulatory application we demonstrate below. Thagulators in comparative or yard
stick regulatory regimes typically employ cross tget techniques to measure
differences in productivity or efficiency acrossrnis (relative comparative
performance) and therefore use what are, in fgatia performance measures to
inform their decision with regard to appropriatgukated prices. Thus, as our applied
relative performance measures retain spatial ctamsig by construction, the relative
performance indices will yield comparative performo@ measures that are consistent
with regulatory practice in any given year. Howevaecause our relative measures
will also allow intertemporal analysis across fitnteey have the advantage of
allowing a more detailed analysis of firm perforroarchange over time, which is not

possible with a spatial index alone. .

2 gpatially consistency implies that each year'stie¢ productivity measures do not depend on the
other years in the comparison and temporal comzigtanplies that each firm’s productivity estimate
do not depend on the number of observations itithe series
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Given these arguments, we follow Hill's approacB(02). Therefore, firm i's

relative productivity change over tim&RP?) is determined as the geometric average

of the | alternative potential estimates of relative prdolty, as derived by
employing the chained time trends and spatial petdties of all thel firms in the

sample:

1

| e repsy PR ||
TERY {ﬂ{(ﬂzﬂt ><T':F’J-1)><TFPJi ﬂ (20)
Thus, when i = j,TFRY can be simply expressed as the product of thesiown
chained productivity index and its spatial produtyi measure in year 1:
TFRY =TFRS'TFPRS. In contrast, for the alternativel estimates wheri,# j. TFPY
can also be expressed as a function of any otharj% relative productivity index

calculated asTFP; =TFPT'TFPS, and the spatial productivity of firm i relative t

firm j, which given the definition of our spatialrgouctivity measures, can be

S

TFP
expressed asﬁ. Thus, rather than relying on a single one of éhpsetential
jt

estimates, the definition ofFR} in (20) employs all available spatial and chained
productivity estimates to provide an arguably siggegeometric average estimate of

TFRY. We can similarly derive measures of the relatiugput and input indices over

time, Y;; andX’ .

Following our approach in (4) these relative meesare indices of any firin
measured relative to the base firm in the base. y&amstruction of consistent price,
and TPP indices can therefore be accomplished&tyyfexpressing turnover of firin

relative to the base firm at the base year Rds= R, /R,,. The relative aggregate
output price index over timdP?) is then calculated aB? = RY /Y% . Similarly, we

express nominal economic costs of a firnelative to the base firm at the base year 1

asC =C,,/C,,. The relative aggregate input price index over tirﬁd’e}?) is then
calculated adV,§ =C} /X[ . Finally, a relative TPP index of any firirelative to

the base firm at the base year('lll?F’iff) can be obtained as:
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YR PR
TPPR =L =1 21
Yoch Wl @
X"

As a result, a relative economic profitability irxdenﬁ can be calculated as the

product of an index of relative total factor protivity for firm i relative to the base

firm b at base year 1TFPi? and a relative index of total price performanetnzen

firm i and the base firrh at the base year TPPF.

In order to achieve our ultimate goal of decompgsumit specific profit
growth in the multilateral context, as demonstrate@@) in the bilateral context, we
must finally derive unit specific indices which arensistent with the relative indices

developed in (20) and (21). We therefore calcukateonsistent measure of unit-

LA
= . Similarly,
TFR]

specific productivity over time, which can be obtd asTFF’i'LtJS =

consistent measures of unit-specific output andutingrowth are respectively
YR XR

YUS:'='; and X°° =_'F;t. In an analogous manner, consistent measures itf un
Yil ' ><i1

specific TPP output price, input price and econorprofitability indexes are
R

TR R =P w2 M g e = TrpETRRY:

PP T pR TowWR ’ ' '
il i1 i1

respectively, TPR'® =

Given our modeling decision to maintain spatial sistency at the cost of
temporal consistency, and the subsequent employnfi¢ghé geometric average of the
| alternative potential relative indicators as appiste unit specific relative
productivity, output and input indices, we mustenthat the unit-specific chained
temporal indexes will, by construction, not be petfy consistent with the unit
specific temporal indexes constructed from the iabdral relative indices.
Nevertheless, it can be readily mathematically destrated that the geometric
average of the chained unit specific temporal indices and thosgved from the
relative indices detailed in equations (25) and & equal. Thus, for example, if we
take the geometric average across all firms | ine tlsample, then
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m (rrpcH )} :m (TFPifS)} , andm (rPRcH )} :m (TPPifS)} . This implies
that while our approach to deriving the relativeioators necessary to decompose
unit-specific trends in firm performance can resmltminor deviations from the
temporal trends implied by the unit-specific chainedices, we can nonetheless be
fully confident that on average, the unit speciistimates are consistent with the
underlying chain-based estimates of temporal chamgdirm performance. We
therefore, focus on these average estimates amddbeomposition in our results
below.

This section has specified a methodology to allogvémpirical application of
unit-specific, spatial and relative economic padfitity indices and their
decomposition into unit-specific, spatial and rekat productivity and price
performance indices in a multilateral setting bgomciling together temporal chained
and spatial indices, following Hill's approach (200 Moreover, we have
demonstrated that these estimates are not onlyalpatonsistent, but are also, on
average, consistent with alternative unit-specifibained indices of temporal
performance change. Thus, this section has denadedtan appropriate methodology
to allow for decompositions of profitability indisen a multilateral setting, thereby
extending the approach illustrated in equations (@) and (3) in the binary context.
Consequently, we are able to consistently decompose specific profitability
change as a function of the profitability growthaobase firm and profitability catch-
up relative to that firm over time, which can betlfier decomposed as a function of
the productivity and price performance of a base fand productivity and price
performance catch-up relative to that firm overdjnin a multilateral setting, as
illustrated in equation (8) in the binary contexihally, it can be easily proven that by

adjusting output with quality we can also extendampn (8’) in a multilateral setting.

4. Data

Our model includes separate outputs for water awmkesage services, and the
three inputs, capital, labor and other inputs. @ia& covered are for the period 1991-
2008 for a balanced panel of 10 Water and Sewecagganies (WaSCs). Water
connected properties and sewerage connected pespare the proxies for water and

sewerage output and are drawn from the companeggilatory returns to Ofwat,
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which are used to construct the output indices.s@&heinary output indices then
formed the basis of constructing fully spatiallynewstent output indices with the EKS
method. Finally, spatially consistent aggregateouprice indices were constructed
as the ratio of relative aggregate turnover in mahterms to this spatial aggregate

output index, as discussed above.

Our physical capital stock measure is based onnfitegion adjusted Modern
Equivalent Asset (MEA) estimates of the replacemeost of physical assets
contained in the companies’ regulatory accountsvél@r, as periodic revaluations of
these replacement cost values could create anpithanges in our measure of
physical capital, we cannot directly employ thessoanting based measures.
Instead, we accept the year ending 2006 MEA valnatas our base value, and use
net investment in real terms to update this sdae®arlier and later years. Real net
investment is therefore taken as the sum of digppsalditions, investments and
depreciation, as deflated by the Construction QuBrce Index (COPI). Following
Saal and Parker’'s (2001) approach, we averagedethdting year ending and year
beginning estimates to provide a more accuratenasti of the average physical
capital stock available to the companies in a giyesr.

We subsequently employed a user-cost of capifadcageh, to calculate total
capital costs as the sum of the opportunity costneksted capital and capital
depreciation relative to the MEA asset values, aodstruct the price of physical
capital as the user cost of capital divided by #iwve MEA based measure of
physical capital stocks. The opportunity cost giita is defined as the product of the
weighted average cost of capital (WACC) before &md the companies’ average
Regulatory Capital Value (RCV). The RCV is the fical measure of capital stock
accepted by Ofwat for regulatory purposes. The WAGCHIculation is broadly
consistent with Ofwat’s regulatory assumptions @aestimated with the risk free
return assumed to be the average annual yieldsedfum-term UK inflation indexed
gilts. The risk premium for company equity and aogie debt was assumed to be 2%
following Ofwat’s approach at past price reviewse Aso allowed for differences in
company gearing ratios and effective corporataases, which were calculated as the
sum of aggregate current and deferred tax dividethé aggregate current cost profit

before taxation. Finally, following the approach @iwat’'s regulatory current cost
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accounts, capital depreciation was the sum of otrreost depreciation and

infrastructure renewals charge.

The average number of full-time equivalent (FTE)ptgees is available
from the companies’ statutory accounts. Firm dpetabour prices were calculated
as the ratio of total labour costs to the averagmber of full-time equivalent
employees. Other costs in nominal terms were defiae the difference between
operating costs and total labour cosBiven the absence of data allowing a more
refined break out of other costs, we employ the pi€e index for materials and fuel
purchased in purification and distribution of watas the price index for other costs,
and simply deflate nominal other costs by this meago obtain a proxy for real
usage of other inputs. Given these input quantity price measures, we are able to
calculate indices of unit-specific, spatial andatigle input usage discussed above. As
total nominal economic costs are obtained as time sitotal capital costs, labour
costs and other costs in nominal terms, divisionthid sum by the unit-specific,
spatial and relative input index, allows the camsion of unit-specific, spatial and
relative input price indices. Finally, economic fii©are calculated as the difference

between turnover and calculated economic costs.

Following Saal and Parker (2001) the drinking watprality index is
calculated as the ratio of the average percenthgaah WaSC’s water supply zones
that are fully compliant with key water quality pareters, relative to the average
compliance percentage for England and Wales in 19&iter supply zones are areas
designated by the water companies by referencestmuece of supply in which not
more than 50,000 people reside. The data were di@mmthe DWI's annual reports
for drinking water quality for the calendar yearsdimg 1991-2007 The drinking
water quality can be defined either based on tkieen water quality parameters or

nine water quality parameters identified as beingpartant for aesthetic, health

3 While it would be particularly desirable to disaggate other input usage data further and in
particular to allow for separate energy and chemisage inputs, the data available at company level
from Ofwat’s regulatory return does not allow atlier meaningful decomposition of other input
usage.

* The DWI provides quality data based on calendarsjevhile all other information employed in this
paper is based on fiscal years ending March 3¥e note this inconsistency in the data, but easjze

that the reported years overlap each other for 8ithso Thus, the year end to year end estimates of
quality change obtained from the DWI data providagistent estimates of quality change by the water
companies, at a fixed point 9 months into eaclafigear.
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reasons and cost reasons or based on based ornxtnater quality parameters
identified as being indicative of how well treatmhevorks and distribution systems
are operated and maintained. Due to changes in sbrtiee drinking water quality

standards and the new regulations, the DWI repmr2005 no longer included the
two quality indices that compared companies’ coamgle for the sixteen or nine
water quality parameters with the average for Bmgjland Wales. So we decided to
report results for the drinking water quality basedthe six water quality parameters
that Ofwat also employs in his assessment andctdilev well treatment works and

distribution systems are operated and maintainégddt)2006).

The sewage treatment quality index is defined agemhted index of the
percentage of connected population for which sewageives primary treatment and
the percentage of population for which sewage veseat least secondary treatment.
It also implicitly includes the percentage of cocieel population for which sewage is
not treated with a zero weight. This data choickeces both the availability of
consistent data capturing quality trends for thérernl991-2008 period, and does
clearly capture substantial increases in sewagenient levels, particularly in the
earlier part of the sample period. The sewage rreat data were taken from
Waterfacts for the first years 1990-91 to 1995-96 and the ganies’ regulatory
returns for the fiscal years 1996-97 to 2007-08rédwer, we henceforward refer to

data based on the ending year of the fiscal years.

It is clearly necessary to employ a weighted indéxhese measures as both
the quality and costs of higher treatment levelseed those associated with non
treatment or primary treatment alone. We theretardeavoured to construct a cost
based weighting system, although the necessarytaaizcomplish this was relatively
limited. However, we were able to calculate refattost measures based on the ratio
of sewerage treatment costs to volumes of sewdragément, using two alternative
cost estimates available from company regulatotyrns. One of these alternative
estimates was based on total sewerage treatmedtidoal expenditure and direct

costs for all treatment works, while the other vi@sed on total sewage treatment

® The six water quality parameters, which form thee@tional Performance Index (OPI) are iron,
manganese, aluminium, turbidity, faecal colifornmsl drihalomethanes. The resulting drinking water
quality index suggests an increase in quality oBJdercent between 1991 and 2008 after aggregating
the data for all WaSCs.
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costs for large treatment works only. These esBmatggest that higher levels of
treatment are 1.68 to 2.40 times more costly thamagry treatment only. Given this

estimate range, we chose to weight the percenthgepulation receiving secondary
treatment of sewage or more twice as much as theepige receiving primary

treatment only. While admittedly, somewhat ad hee, emphasize there is some
empirical evidence to support these weights. Wee ribat it is straightforward to

demonstrate that the resulting weighted qualityeindgs nested between an index
based solely on the percentage of population rewgiat least primary sewage
treatment, which would underestimate gains in sew@sigatment quality, and one
based solely on the percentage of population rewgiat least secondary sewage

treatment, which would overestimate gains in sewsggment quality.

5. Results from productivity, price performance and profitability after
controlling for quality

The above spatial and relative profitability, protvity and price
performance measures were defined relative to &ise Brm in the sample. However,
if the base firm is defined as the firm with thglnést productivity in the sample, then
each firm’s productivity, prices and profits wilekrelative to this best practice or
benchmark firnf. In this section we first report geometric averageasures of unit-
specific profitability, productivity and price permance. Consequently, we
decompose theses changes into an average catamgmient and the performance

of the benchmark firm as illustrated in equation (8

Figure 2 illustrates the decomposition of unit-sfieeconomic profitability
change into quality adjusted unit-specific produtyi and price performance change
over the period 1991-2008. The results indicaté beween 1991 and 2008, average
economic profitability increased by 5.9%, which watiributed to a significant

improvement in TFP of 51.7% and a reduction in T&?RB80.2%. On average there

® We have not identified firms for confidentiallyasons. The same firm is consistently found to have
the highest spatial productivity estimates in &lass, and is therefore modelled as the benchmask mo
productive firm in each year of our study Moreqguwege note that his same firm was found to have the
highest spatial productivity estimates in each yafathe study regardless of whether we applied the
spatially consistent Fisher indices provided in thain text, similar spatially consistent Tornqvist
indices, or the multilateral translog index for VsSbased on the Torngvist index developed by Caves
et al (1982a). Furthermore, there is little subtbtandifference between the results regardlessto€hv
method is employed.
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was a stable and substantial increase in TFP ower tvhile TPP followed an upward
trend until 1994, which was interrupted in 1995t bvas again followed by a
substantial increase between 1999 and 2000. We thateduring the years 1991-
1995, average economic profitability increased tluéncreases in TPP which was
substantially greater than TFP growth. As docuntkirieprevious studies, Ofwat’s
tightening of price caps in the 1994 price reviescre@ased the growth in real output
prices and therefore resulted in a downward tremd bioth TPP and economic
profitability until 1998, while TFP continued to prove significantly. After 2000,
reduced output prices caused TPP to dramaticalyirde and its value remained
consistently below 1 after 2000. This indicatest thegulatory price changes
implemented after 2000 caused the price performafdeams to fall substantially
below its level in 1991. Moreover, average unitesfie TPP followed a downward
trend except for 2006, when output prices werewadbb to momentarily rise in the
first year of the 2006-10 regulatory period. Unsisipgly, given the dramatic fall in
price performance after 2000, average economicitpbility also substantially
declined, even if TFP continued to follow a steagbhward trend, which was only
momentarily interrupted in 2007. Thus, in the p2800 period, trends in temporal
economic profitability followed the trend of TPMdicating that changes in price

performance were a significant determinant of cleang economic profitability.
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199111992 1993(1994 1995|1996 | 1997|1998 | 19992000 2001 | 2002| 2003 | 2004 | 2005 2006|2007 | 2008
—+—Economic Profitability | 1.000/1.1021.1861.234 1.205(1.170/1.2171.206/1.2441.326 1.069/1.15011.082 1.050 1.0541.138 1.064 1.059
—=—Quality Adjusted TFP |1.000/1.0111.0461.0671.086(1.1191.1561.1971.236/1.254 1.370/1.401)1.4241.442.1.4931.5161.501 1.517
Quality Adjusted TPP |1.00011.090 1.1341.156/1.109/1.045/1.052 1.008/1.007) 1.056/0.780,0.821,0.760/0.7290.706/0.7500.709,0.698

Figure 2 Decomposition of Average Unit Specific Profitability into Average Quality Adjusted
Unit Specific TFP and TPP
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Moreover, Figure 3 depicts the decomposition ofiquadjusted average TFP
change into quality unadjusted average TFP chandegaality change. High capital
investment programs to improve quality conditiomee privatization had a positive
impact on quality adjusted output growth and consetly, quality adjusted TFP
increased more than quality unadjusted TFP. Over winole regulatory period
average quality adjusted TFP improved by 51.7% redgeaverage quality unadjusted
TFP improved by only 22.9% implying that averagdinested quality change
amounted to 23.4%. Much of the measured qualityravgment occurred during the
years 1991-2002 and quality showed its highestl lef’émprovement in the years
1999 and 2002. Thus, by 2002, average quality ingaoby 22% resulting in an
increase in average quality adjusted TFP of 40.1% exceeded average quality
unadjusted TFP which improved by only 14.8%. AR&03, on average there were
small improvements in quality and thus, small clengn the quality adjusted TFP
growth rate, whereas in the last two years of dudys average quality followed a
slightly decline trend. Nevertheless productivityl sontinued to improve in this later
period, suggesting that firms were able to achipx@ductivity improvements by

reducing input usage.

1991119921993 |1994 1995|1996 1997 | 1998| 199920001 2001 | 2002 | 2003 | 2004| 2005 | 2006 2007 | 2008
——Quality Adjusted TFP |1.00011.011/1.046/1.067|1.086/1.119 1.156|1.1971.236|1.2541.3701.401/1.424 1.442/1.493)1.516/1.501/ 1.517
—a—Quality Unadjusted TFP|1.00011.006/1.02111.029|1.0391.072 1.100| 1.1261.140|1.120 1.1501.148/1.157/1.1681.209|1.220 1.215{1.229

Quality 1.00011.006|1.0251.037|1.045/1.04411.051|1.0631.084/1.120/1.191/1.220 1.231 1.2341.235/ 1.243 1.236| 1.234

Figure 3 Decomposition of Average Unit Specific Quality Adjusted TFP Changeinto Average
Unit-Specific TFP and Quality Change

Figure 4 displays the decomposition of quality athd average unit-specific

TPP change into quality unadjusted average TPPgehand quality change. Since
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output prices are adjusted for quality as we disedsin section 2, on average the
magnitude of change in quality adjusted TPP musted that of quality unadjusted
TPP. We would therefore emphasize that the qualifjysted TPP index must also
follow the general trend of the quality-unadjusiedex, but it also must demonstrate
a more significant decline in price performanceitadlows for the output enhancing
impact of quality improvements. During the lax ericap period 1991-1994, increases
in quality unadjusted TPP exceeded the qualitysadpi TPP implying that increases
in output prices were greater than the quality stéjgh output prices. This upward
trend was interrupted in 1995 followed by a dowrdvérend until 1998, whereas
during the years 1999-2000 average quality unagu$PP and quality adjusted TPP
started to increase again. The tightened 1999 pei¢ciew obliged the companies to
reduce their output prices and the magnitude oféldection in quality adjusted TPP
was significantly greater than the quality unadjdsTPP on average. Between the
years 2000 and 2001 there was a significant falivarage quality unadjusted TPP
and quality adjusted TPP by 0.930/1.184 = 0.783105% and 0.780/1.058 = 0.737
or 26.3% respectively. After 2001, there was a deaml trend for average quality
unadjusted and quality adjusted TPP except folydaes 2002 and 2006, where new
looser price caps were introduced. We note thadraf998, on average quality
adjusted TPP took a value lower than 1 implying #fter controlling for quality the
reduction in quality adjusted output prices wasatge than the quality unadjusted
output prices and therefore, relative to 1991, B9&average quality adjusted TPP
reduced by 30.2%, whereas average quality unadjustP declined by 13.9%,
implying that the impact of average quality in auttprices and therefore in average
TPP was approximately 19%. Thus, Figure 4 cleadggests that, while quality
improvements have contributed to the productiviggfprmance of the WaSCs, they

have also contributed negatively to their pricfgenance.
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1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
——Quality Adjusted TPP | 1.000 | 1.090 | 1.134 | 1.156 | 1.109 | 1.045 | 1.052 | 1.008 | 1.007 | 1.058 | 0.780 | 0.821 | 0.760 | 0.729 | 0.706 | 0.750 | 0.709 | 0.698
—s—Quality Unadjusted TPP| 1.000 | 1.096 | 1.162 | 1.199 | 1.160 | 1.091 | 1.106| 1.072| 1.091 | 1.184 | 0.930 | 1.002 | 0.936 | 0.899 | 0.872 | 0.933 | 0.876 | 0.861

1Quality 1.000 | 0.994 0.976 | 0.964 | 0.957 | 0.958 | 0.952 | 0.941 | 0.923 | 0.893 | 0.840 | 0.819 | 0.813 | 0.810 | 0.810 | 0.805 | 0.809 | 0.810

Figure 4 Decomposition of Average Units Specific Quality Adjusted TPP Change into Average
Unit-Specific TPP and Quality Change

The decomposition of quality adjusted average spéeific productivity
growth into the quality adjusted productivity gréwof the benchmark firm and
average quality adjusted productivity catch-up épidted in Figure 5. The figure
clearly illustrates that until 1994 there were dnuailno catch up gains in quality-
adjusted productivity by the average company sit€eoroductivity improved by
6.7%, while the benchmark company improved its pobigity by 7.1%. In contrast,
due to sharp increases in measure quality betw866 &nd 2002, average quality
adjusted TFP increased more rapidly than benchmaalkity adjusted TFP, thereby
allowing the average company to catch-up considigrabth catch up amounting to
19.5% of cumulative productivity growth for the aage firm by 2002. Even after
2002 the average company achieved still signifidamels of catch-up in quality
adjusted productivity until 2005, which must beribtited to input usage reductions.
Thus, relative to 1991 levels, by 2005, averagelityuadjusted productivity had
increased by 49.3% and exceeded that of benchnrank ivhich had improved by
21.2%, therefore indicating productivity catch-ugd @3.2%. Moreover, the
considerable increase in average profitabilitytreéato the benchmark firm must be
attributed to this catch up effect. Neverthelesgr&005, when the relatively looser
2004 price review came into effect, high levelprdductivity catch-up are no longer
indicative of general productivity improvements, aserage quality adjusted
productivity levels were largely static after 2008stead, they reflect a substantial

decline in the benchmark firm’s productivity aft2@06. Thus, our results may be
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interpreted as suggesting that after the 2004 mesgew, substantial productivity

improvements were no longer occurring.
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Figure 5 Decomposition of Average Unit-Specific Quality Adjusted TFP Changeinto Benchmark
TFP Change and Average Catch-Up to the Benchmark Firm

The decomposition of quality adjusted average spéeific TPP growth into
the quality adjusted TPP growth of the benchmark fand average quality adjusted
TPP catch-up to the benchmark firm over time isicted in Figure 6. Until 1994,
quality adjusted average TPP growth exceeded bemghiPP growth allowing an
average catch-up in price performance of 3.6%. fitletened 1994 price review
resulted in a substantial downward trend in quatyusted average and benchmark
TPP during the years 1996-1998, which was inteediph 1999. We note that after
1995 and until the end of the period of study, guadjusted benchmark TPP always
exceeded quality adjusted average TPP. Moreovereest 1995 and 2000 there was
also a steady erosion of average price performaataive to benchmark price
performance, as reflected in the catch up indem 990 to 0.942. This suggests a
considerable rebalancing of regulatory price deaosiin favour of the benchmark
firm, which was even more dramatically extendedhviltte implementation of the
1999 price review in 2001. Thus, despite a masedgriction in benchmark price
performance from 1.123 to 0.889 of 1991 levels letw2000 and 2001, average

price performance fell even further, as the decbhaverage quality adjusted TPP
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from 1.058 to 0.780 resulted in the catch up intihng from 0.942 to 0.878. It is
therefore appropriate to interpret these resultssalsstantial positive evidence
demonstrating that both the 1994 and 1999 pricéewey resulted in considerable
movement to a regulatory price cap system condistéth a yardstick regulation
regime. We would moreover offer the suggestiont tties better alignment of
regulated prices with the principles of yardstickgulation is likely to have
contributed significantly to both the catch-up imuatity adjusted productivity
illustrated in Figure 5.

Further, considering the post 2001 period, revaateady downward trend in
quality adjusted average and benchmark TPP excepthé years 2002 and 2006.
This overall finding supports a steady deterioratia price performance, which
suggests that in practice, price caps have becoere teghter since 2001. While , the
catch up index reached a low of 0.843 in 2003lesimoderately increased to 0.877
in 2008, its trend in the post 2001 period largalggests that the relatively superior
price performance of the benchmark firm was maidiin the 2004 price review.
Our results therefore suggest that when qualitgken into account in TPP measures,
the broad convergence after 2000 between averade banchmark firm price
performance which was observed in the quality wmstdgd TPP results in Figure 6.6
is no longer present. Stated differently, when ifp& taken into account, an average
firm saw its price performance decline relativeahe benchmark by 12.3% between
1991 and 2008 as benchmark quality adjusted benghmBP declined by only
20.4% while average TPP showed a higher reducti@i.@%.
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199111992|1993|1994 1995|1996 |1997{1998|1999|2000|2001|2002 | 2003|2004|2005|2006 2007|2008

—e— Unit-Specific |1.0001.0901.1341.1561.1091.0451.0521.0081.007)1.058/0.7800.821,0.7600.7290.7060.7500.7090.698
—s—Catch-Up  |1.000/1.0561.0281.036/0.9900.9580.9360.9670.9810.9420.8780.8580.8430.8440.8520.851,0.8520.877
Best 1.0001.0321.1031.1161.1211.091/1.1241.0431.0271.123/0.8890.956/0.9020.8630.8280.8820.8320.796

Figure 6 Decomposition of Average Unit-Specific Quality Adjusted TPP Changeinto Benchmark
TPP Change and Average Catch-Up to the Benchmark Firm

Finally, Figure 7 shows the decomposition of averamit-specific quality
change into average quality catch-up relative ® llenchmark firm and the quality
change of the benchmark firm, as illustrated in tthied line of equation (8’). Until
1997, there were small or no gains in average tyuediative to benchmark quality
but after 1998 and most of the period of study agerquality growth significantly
exceeded benchmark quality growth, with particyldilgh levels of quality catch-up
during between 1998 and 2002. By 2005, averagatygualproved by 23.5% while
benchmark quality increased by 4.1% allowing averggality to catch-up to the
benchmark by 18.6%. After 2005, average qualitytiooe to increase at a lower rate,
however, it showed a significant decline in 200d an 2008 which affected the
quality adjusted TFP growth rates, whereas bendkpaality followed a stable slow
upward trend. We need to emphasize that the sroalitg growth of the benchmark
firm did not imply that the benchmark did not asl@esignificant quality levels. In
contrast, our results suggest that at privatizatibe quality standards of the
benchmark firm had already been at a high level lmspn@005 on average the less
productive firms had significantly improved theinality relative to the benchmark
and had finally reached the higher levels of qualitthe benchmark firm. Given the
considerable cost of these quality improvemenggiré 7 illustrates the importance of
controlling for quality changes if we wish to prolyegauge relative productivity,

price, profitability, and catch up performance.
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Figure 7 Decomposition of Average Unit-Specific Quality Change into Average Quality Change
Catch-Up and Benchmark Quality Change

6. Summary and Conclusions

This paper analyzed the impact of regulation onfifi@ncial performance of
WaSCs in England and Wales over the period 199820 linked together the
spatial and temporal indices in order to derivénesies of relative productivity, price
performance and profitability measures over timac& substantial improvements in
quality have affected the productivity and pricefpenance of the water industry,
unit-specific profitability change was also expegbsis a function of the unit-specific
guality adjusted productivity and quality-adjusfatte performance change. This was
further decomposed as a function of the qualitystéid catch-up in productivity, and
the quality adjusted productivity growth of the bemark firm, and the quality
adjusted catch-up in price performance, and théityuadjusted price performance
growth of the benchmark firm. The inclusion of dtyaln our analysis allowed us to
eventually decompose unit-specific economic prbfitiy change as a function of the
quality unadjusted catch-up in productivity, thécbaup in quality, and the quality-
unadjusted productivity and quality performancerotime of the benchmark firm,
and the quality unadjusted catch-up in price pemtorce, the catch-up in quality
regarding price performance, and the price perfoceaand quality growth of the

benchmark firm, in a binary and multilateral coritex
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The results indicated that while quality improvensenave contributed to the
productivity performance of the WaSCs, they hage abntributed negatively to their
price performance. The quality adjusted TFP resoliécated that although average
productivity slightly exceeded benchmark produdyiwintil 1995, the rate of quality
adjusted productivity growth for the average anddbenark firms was significantly
greater than the quality unadjusted TFP indicative quality improvements did lead
to higher productivity growths. After 1997 and Wr#002, average quality adjusted
TFP increased more rapidly than benchmark quatliysted TFP, therefore allowing
average company to catch-up to benchmark qualijlyseetl productivity. Even after
2002 the average company achieved still signifidamels of catch-up in quality
adjusted productivity until 2005, which must beribtited to input usage reductions.
Nevertheless, after 2005, when the relatively lod2@04 price review came into
effect, high levels of productivity catch-up weme longer indicative of general
productivity improvements, as average quality adjdisproductivity levels were
largely static after 2005. Instead, they reflec@exlibstantial decline in the benchmark
firm’s productivity after 2006. Thus, our result@ynbe interpreted as suggesting that
after the 2004 price review, substantial produttivimprovements were no longer

occurring.

Furthermore, focusing on the results for the aweragd benchmark quality
growth, it is concluded that until 1997 there weraall gains in average quality
relative to benchmark quality but after 1998 averggality substantially exceeded
benchmark quality showing high levels of catch-uping the years 2000-2005. By
2005 the less productive firms on average impraigdificantly their quality relative

to the benchmark which already had high levelsuality since privatization.

Moreover, the quality adjusted TPP results suggestat until 1994, average
TPP exceeded benchmark TPP but after 1998, theseavséeady erosion of average
price performance relative to benchmark price pertmce suggesting that there was
a considerable rebalancing of regulatory price glens in favour of the benchmark
firm, which was even more dramatically extendedhviltte implementation of the
1999 price review in 2001. The dramatic fall intbalverage and benchmark quality
adjusted TPP suggested that that both the 19941888 price reviews resulted in
considerable movement to a regulatory price capesyxonsistent with a yardstick

regulation regime. We would moreover offer the sgjign that this better alignment

35



of regulated prices with the principles of yardstiegulation is likely to have
contributed significantly to both the catch-up wmatity adjusted productivity and the
catch up in economic profitability. Further, coresitig the post 2001 period revealed
a steady downward trend in quality adjusted avemgkbenchmark TPP except for
the years 2002 and 2006. This overall finding suigaba steady deterioration in price
performance, which suggested that in practice epcaps have become even tighter
since 2001. Also after 2001 average quality adgu3teP fell more than benchmark
qguality adjusted TPP suggesting that the broad emance after 2000 between
average and benchmark firm price performance wkiek observed in the quality

unadjusted TPP results was no longer present.

Overall, our index number based approach providedaekward-looking
approach regarding the impact of price cap reguiadn the profitability, productivity
and price performance of less productive and beackiirms even if the number of
available observations was extremely limited. Weorgjly believe that our
methodology can be of great aid for regulatorsettirsg X-factors under price cap
regulation for regulated firms (forward-looking).inBe X-factor requires the
measurement of efficiency change (catch-up) anctifo shift (technical change), our
approach provides evidence for catch-up (efficignay productivity by less
productive firms based on the consistent spatiadyctivity measures across
companies at any given year and also provides egeléor the productivity growth
of the benchmark firm (technical change).
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