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1. Introduction®

A firm’s economic performance is commonly measul®d its economic
profitability (). However, changes in profitability can be decomgadsé& changes in
productivity and price performance. Total factooguctivity (TFP) captures changes
in performance attributable to increased physigadpction of outputs relative to
inputs. In contrast, total price performance (TE&)tures the impact of changes in
output prices relative to input prices. Comparitgrges in TFP and TPP therefore
allows determination of whether profit change isimarily explained by
improvements in productivity or is simply attribbta to an increase in output prices
relative to input prices that has improved the Trprice mark up relative to actual

costs.

Maziotis, Saal and Thanassoulis (2009) developetbss sectional (spatial)
index number technique to allow for the measurenwnproductivity, regulatory
price performance, and profitability across firnisaay given time and showed the
subsequent comparison of how these cross sectiorakures have changed over
time. The authors concluded that during the ye@811000 price caps were “weak”
as prices were high enough for the firms to achesanomic profits despite their low
productivity levels. However, after 2001 prices dr@e “catch up promoting” as they
required less productive companies to eliminateadt some excess costs in order to
eliminate economic losses. Furthermore, anotheerphyp Fox et al (2003) provided
alternative index number profit decomposition blirtg into account the impact of
fixed input. The performance of all firms was comguhto the most profitable firm.
However, both papers did not measure how the pedoce of less
profitable/productive firms towards the best preetfirm changed over time (catch-
up) and changes in the performance of best prafititeover time (frontier shift).

Catch-up and frontier shift measures are of grigaifscance in regulatory analysis.

Therefore, in this paper, we measure economic tafofity and decompose it
into total factor productivity (TFP) and total peicperformance (TPP), thereby

extending a methodological framework originally gested by Hill (2004) to allow

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



for price indexes that span both multiple firmsaagiven time (multilateral spatial
indexes) and a single firm over multiple periodenmporal indexes). This
methodology overcomes the fact that multilaterahtispp indexes, which allow
consistent comparisons across multiple firms at giegn time, are not necessarily
consistent with temporal unit-specific indexes, ethallow consistent comparison of
a given firm across times. Our reconciliation opamte spatial and unit-specific
profitability, TFP, and TPP indexes into a singldax spanning both firms and time
has a significant benefit in application. This ecause it allows not only for indexes
of unit-specific profitability, TFP, and TPP changs in Saal & Parker (2001), Water
and Street (1998), Han and Hughes (1999) and 8al¢2003), but also allows
spatially consistent measurement of changes irethesformance measures relative

to other firms.

Our methodology is therefore particularly applieabto comparative
performance measurement under regulation, whersidenation of both temporal
and spatial differences in profitability, TFP, addPP are necessary for setting
appropriate regulated prices. Moreover, as altermahethodologies, such as DEA
and SFA, require a relatively large number of obstons to specify an efficient
frontier, our index number based approach has tinnefr potential advantage of
allowing meaningful comparative performance measerg even if the number of

available observations is extremely limited.

As we demonstrate below, our analysis illustrag&ral theoretically related
methods to measure and decompose financial perfmgracross companies and over
time. Firstly, we provide measures of temporal tspecific) profitability,
productivity and price performance across time dach firm. Secondly, we allow
profitability, productivity and price performanceraoparisons across companies at
any given year (multilateral spatial comparisonalcalated by using a multilateral
Fisher index. Thirdly, by reconciling together tteenporal and spatial profitability,
productivity and price performance into relativefgability, productivity and price
performance measures, we provide a single index twmasistently measures
performance change between both firms and over. tiimally, the reconciliation of
the spatial, temporal and relative profitabilityro@uctivity and price performance
measures allows us to decompose the unit-speaifiexi based number profitability

growth as a function of the profitability, prodivity, price performance growth



achieved by benchmark firms, and the catch-up ¢éobdnchmark firm achieved by
less productive firms. This not only extends therapch of Saal & Parker (2001),
Water and Street (1998), Han and Hughes (1999gri@al (2003) and Fox et al
(2003) by allowing a more comprehensive decomposidf a firm’s performance
changes, but is highly relevant in regulatory antheo applications, where
comparative performance measurement is approphee.illustrate our analytical
decomposition of profit change with an empiricaplégation to the regulated English
and Welsh water and sewerage industry during thegp&991-2008.

This paper unfolds as follows. Section 2 discusBegotential application of
index number techniques for measuring profitahiliggroductivity and price
performance in a binary context. Section 3, themsmters the methodology necessary
to empirically apply this approach in a multilalersetting, whereas section 4
discusses the data that were used in this study.fdllowing section provides an
application of this methodology followed by a dission of empirical results. The last

section offers some conclusions.

2. Profitability, Productivity and Price Performance: A Theoretical Illustration
With Bilateral Indices

Saal & Parker (2001) demonstrates an index nunyy@oach to decompose a
firm’s economic profitability change into TFP changnd TPP change. For any given
firm, this methodology allows identification of theelative contributions of
productivity and price performance to observedipafange and the paper illustrates
how changes in regulatory policy influenced bothe throductivity and price
performance of regulated water and sewerage compdkVaSCs) in England and
Wales (E&W). Nevertheless, while this methodologiepproach has the strong
advantage of allowing the decomposition of profitaege even if data is only
available for a single firm, it only allows compson of cross firm differences in the
rate of change of TFP, TPP and profitability. There, the lack of any link between
firms’ indices makes it impossible to measure ddfees in the level of TFP, TPP
and profitability across firms. The implication thiis limitation is highlighted if one
notes that Saal & Parker (2001) considers an inglgsibject to price cap regulation
in which prices are set using a comparative yaskistegime that measures firm
performance levels relative to other regulated dirtout it does not in fact provide a
methodology that allows for measurement of sucHopm@ance differences. This



paper therefore proposes an extension of Saal &ePaR001) that allows for
measurement of a firm’s TFP, TPP and profit perémmoe relative to its peers and

across time.

Before proceeding, we note that Grifell-Tatje & letiv(1999) demonstrate a
profit decomposition approach, dependent on frorgstimation techniques such as
DEA or SFA that decomposes a firm’s profitabilithamge while accounting for
efficiency catch up relative to the estimated frentechnology. However, while we
find no fault with this methodology per se, we ntw@® potential limitations. Firstly,
as this approach relies on frontier estimation eglnes to obtain measures of relative
performance, its application is limited by the riegment of having a sufficient
number of degrees of freedom to estimate a meanilffA or parametric frontier.
In contrast, the empirical index number methodolagypropose in Section 3 can be
applied to decompose profitability growth regardles the number of inputs and
outputs specified, even in cases where the numbeaybservations is extremely
limited. Secondly, while the approach of Grifelltfea& Lovell (1999) allows for the
impact of differences in relative performance oa pioduction side, it has not, to our
knowledge, yet been extended to allow for diffeendetween firms in price
performance. We feel such distinctions are impaytparticularly in the regulatory

context.

In this section we first illustrate our index numised approach using an
example based on bilateral comparisons betweerobservations. We first illustrate
unit specific, spatial and relative indices of ewmmc profitability and their
decomposition. We also employ these binary indiceslustrate how unit specific
profitability change can be decomposed as a funatiothe profitability growth of a
base firm and profitability catch-up relative toathfirm over time. After this
illustration, Section 3 will tackle the thorniersige of applying these concepts in an

empirical multilateral setting.

2.1. Unit specific Profitability, Productivity and Price Perfor mance I ndices

We first define the unit specific decompositionprbfitability following the
approach of Saal & Parker (2001) as originallysiltated in Waters & Tretheway

(1999). This approach links profits, productivayd price performance between two



time periods, yeart and the base year for firm i. It therefore only measures
differences in the temporal dimension for the gifiem.

We define economic profits of firmat the base year IJ,,, as a ratio of
total revenuesR ; and total costs in year G, ,. Total revenues of a firnh at period
1,R,, are defined aR, =R, 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-spetéiporal) index

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

follows:
Re R Yo R
us US
ni”f:mzc"t W, X, TFR, TPP Yileh:Yit P, TFP’SXTPP’S 1)
S B R: P, TFP TPPI1 Xie W, US WUS
Cll VV,lxi;L Xi,l Wl

Thus, the unit-specific economic profitability incleﬂif’tS can be expressed as a
function of an index of unit-specific total factoroductivity in period t relative to the
base year 1,'I'FF3‘§S and an index of unit-specific total price perfomoa between
period t and 1,TPR°. As TFRPYS =Y /X% and TPRY® = PV /W$® these indices
can be further decomposed as functions of the gptific output ¥,;° =Y, /Y;,).

input  (X;° =X, /X;,), output price P;°=P,/P,) and input price

It
(V\/i,LtJS =W, /W, ) indices. This decomposition highlights that okeer changes in

unit-specific profitability over time can be expiad by changes in productivity,
changes in price performance, or changes in batth 8nit specific measures provide
useful information with regard to both changesnit gpecific performance as well as

its sources.

2.2. Spatial Profitability, Productivity, and Price Performance Indices

We next consider the relationship between profsductivity and price
performance for firmi relative to a base firmpat 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 firad&ny given time.

We define the economic profits of the base fipat time t,1,,, as a ratio of
its total revenuesR,, and total costsC,,, at time t. Thus, the total revenues of the
base firmb at period t are defined &, =R, xY,,, where R, andY,, present the

output price index and the aggregate output in@spectively of the base firm at

period t. Its total costs at yearQ, ,, are defined a€,, =W, x X, ,, whereW,, and
X, denotes the input price index and the aggregaet imdex respectively of the

base firm at year t. Similarly, we can define eauaiwoprofits of any firmi at periodt,

M,, as a ratio of its total revenueR,, and its total costsC,,. We can thus define

and decompose a spatial economic profitability xntte any firm i relative to the

base firmb at period t,7z;, as follows:

& R,t it Yi’t R,t
r, W X TFR, TPP, Y, P yS ps
nist —_ Wt Cl,t S L e IRV it __ bt x bt _ it st =TFFi>?XTPFi’f (2)
’ I_Ib,t & Pb,th,t TFE’M TPFt)),t Xi,t \Nl,t Xi,st \NI? , ,
Cb,t V\{),t Xb,t bet \/\/b .

Thus, at time t, a spatial economic profitabilitydéex, ﬂﬁ 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 TFPS =Y;/X5 and TPR; = P$/W; these indices can be

further decomposed as functions of the spatial wutfy;$ =Y, /Y, ), input

(X% =X /X,, ), output price B =P,/R,,) and input price W; =W /W,,)
indices. This decomposition of spatial profitalilitighlights that, at any given time,
observed differences in profitability between fircem be explained by differences in

productivity, differences in price performance ddferences in both.



By definition spatial indices estimate firis performance relative to any
potential base firnb, and therefore should have potential applicationsegulatory
settings on this basis alone. However, spatial oreasalso contain information on
relative performance across firms, which unit-sfiecindices do not. Spatial
performance indices can therefore also be emplégyedeasure catch up in relative
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 econoraofitahility catch up for any firm

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

Yo Ri
S S S S C C
o TFRE TPRE VSRS VS RY e qppe -
©omy TRRIOTRRI XS WR o X W | |
X3 W3

Thus, for firmiat time t, an index of economic profitability catalp, nﬁ can be

expressed as a function of an index of total faptoductivity catch up for firm

relative to the base firrb, TFFi’f and an index of total price performance catch up

relative to firmb, TPPS. As TFRS =YS/XS and TPPS = PS /WS these indices can

1
be further decomposed as functions of catch upc@sdior outputs X§ =Y /Y3),
inputs (X =X3/X%5), output prices B =P{/P3) 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. Thus, evidence of imgvelative profitability cannot be

taken as definitive evidence of improved produtyiyierformance.

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 tinfe
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 firtm 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, 717, as follows:

it

R, R, Yoo Py
n. c, W.,X, TFP, TPP, Y PR, Y? PR
niR: — it — it — (AR — it x it — bl x b1l — |,tR X'—;ZTFFI’T XTPFI)T (4)
’ M bl & Pb ,1Yb1 TFPb,l TPPb;L Xi t \NH Xi 1t it ' ’
Cb,l Wb,lxb,l Xbl 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 tfztctor 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
TFPY =Y5 /X[ and TPRY =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, TPRF, YT,

X\

[

PY andW?) these relative performance estimates are theaftiequivalent to

the separate binary performance estimates prouigetthe unit-specific and spatial

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

TPRYS =TPRI/TPRS, Y& =YI/NI, XU =X{/X3, RP=RI/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.
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Similarly, as 7, =m/m,, TFR}=TFPY/TFR, TPR;=TPPY/TPR},

YI? :Yi,?/Yb? ; Xi,St = Xi,t/xlf,{t ' F)I? = Pi,?/Pb',qt andV\/if =V\/i?/Wb'§ :
Y P§
Y RD_TERDTPRS
”Et Xi,Rt Wi,T TFPb,RI TPPb,Rt
Xoy W

(6)

it

Estimates ofz can then be constructed with the underlying regaprofitability

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

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

R R
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 tloéitpbility index we can write:

7 = i, <y = (TFRS < TFR? ) (TPRS xTPRY) (8)
Thus, given the availability of relative performanindices, 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

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.

If nﬁ >1, then firmi improved its economic profitability relative toettbase firm

10



over time, Whereaisft <1 implies that relative profitability of firmi has declined

relative to that of the base firm. Moreover, as &jo demonstratesy,” can be

further decomposed to measure not only the relatow@ributions of unit specific
measures of price performance and productivity rtfigability, but also to measure

these unit specific changes relative to changeHR @and TPP for the base firm. Thus,

for example ifTFPif >1, then firmi improved its productivity relative to the base

firm from year 1 to t, whereas a value lower thaindicates that relative productivity
of firm i has declined relative to that of the base firmudimpn (8) therefore
highlights the strong potential to apply this indb&ased approach to regulatory
settings where it is desirable to not only measune performance, but also to judge
that performance relative to a base firm, normalfined as a “best practice” or
“benchmark” firm. The decomposition of the unit siie profitability change in
equation (8) can be visualized in figure 1. Tempe@nomic profitability change
can be expressed as a function of the profitabjitywth of the benchmark firm and
the profitability catch-up relative to the benchkndirm. Moreover, unit specific
economic profitability change can be further decosifion into a unit specific
productivity and price performance change. The faroan be expressed as a function
of a function of the productivity growth of the mark firm and the productivity
catch-up relative to the benchmark firm, whereas |iter can be expressed as a
function of the price performance growth of the ddenark growth and the price
performance catch-up relative to the benchmark .fi@our next section therefore
discusses a methodological approach that allowad¢hel application of the bilateral

concepts detailed above in an empirical multildtee#ting.

11
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Figure 1 Decomposition of Unit Specific Economic Profitability Change

12



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 calculate chained unit-specgiofitability, productivity and price
performance growth following Saal and Parker’s apph (2001). We thus measure these
performance measures for any firm between two per@ods by using a temporal Fisher index
number approach.

Temporal Fisher output and input indexes betwesntime periods andt, wherel is

the base period in the caserobutputs andhinputs for a firmi are respectivelyy,, and X, :

M M N N
Seve Sy Swrxy Swex;

1 1
Y. =0 x 17 X =[5 x I 12 9)
ZP:LmYlm ZRmYlm Zvvlnxln Z\/vtnxln
m=1 m=1 n=1 n=1

whereY," and Y," denote the quantities for theth output for periodd and1 respectively,
whereasX," and X, present the quantities for tmth inputs for periods and1 respectively.

Moreover, B™ and RB™ are the prices fomth output, whileW," and W," denote the input

prices. The Fisher output and input indexes ofra fi between two time period$,andt, can

also be expressed as the geometric means of Laspmye Paasche output and input indexes. A

temporal Fisher productivity indeX,FP, is then constructed as a ratio of Fisher outpdéxn

relative to Fisher input index, which takes theueal in the year 1 (base period):
i
TFR, = —— (10)
it

A temporal Fisher productivity index can be usedh@ unchained form denoted above or in a
chained form where weights are more closely mat¢bgzhir-wise comparisons of observations

(Diewert & Lawrence, 2006). The unit-specific outpnd input indices are thus chained indices,

Y{"and X' between observations 1 and t which are given by:

13



in,2,3x"'in,t—1,t Xic,:tH =1x Xi,lZ ><)<i,2,3><"'x)(i,t—l,t (11)

The unit-specific productivity of a firm over time can be similarly calculated as a chained

index, although it can be equivalently calculatechaatio of the chained unit-specific output and

input indices over timeY,{" and X" :

CH

Yi
TFR{" = ‘CH (12)
it

The set ofl xT unit-specific chained productivity, output and umpndices over time can then
be summarized in the following matrices:

TFRSY TR .......... TFEH | Y Y, Y]
o | TRPE TRREL . TR O e — ver
TFRY TFRY....occeee TR | Y Y Y|
XS X ,TH
OO P — i .
X X x|

Given these chained unit-specific indexes, we catged to derive related TPP and

Profitability indices as in Saal and Parker (2000).derive TPP index we firstly express unit-

specific turnover at period t relative to the bgsar 1 asR?’> =R ,/R,. The chained unit-
specific aggregate output price indeéR,f”) is then calculated aBS" = R /Y, . Similarly, we
express unit-specific nominal economic costs atiodet relative to the base year 1 as

CY =C,,/C,,. The chained unit-specific aggregate input prigek, (WS ) is then calculated
as WS =C%° /X" . Finally, a chained unit-specific TPP index for afiyn i over time,

(TPI:’ifH) can be obtained as:

14



Yo _ R
TPPI ?H C~US W CH (14)
it it
x _CH

Therefore, a chained unit-specific economic prbfitey index at period t relative to the base

year 1 , 71" is calculated as the product of a chained index wfit-specific total factor
productivity over time,TFRffH and a chained unit-specific index of total priezfprmance over

time, TPRS" .

2.3.2. Spatial Productivity, Price Performance and Profitability

In the previous section, we used a chained Fishdexi to measure profitability,
productivity and price performance of any firm beem period 1 and period t. In this section, we
derive a multilateral Fisher index to measure pabflity, productivity and price performance
across companies at any given year (multilaterakigpcomparisons). When the price and
guantities across different companies are compatasl,important that such comparisons are
undertaken for every pair of companies being camed (multilateral comparisons). However,
in order to achieve consistency between all thespaf comparisons we need to derive
multilateral indexes that fulfill the property ofansitivity. Internal consistency (transitivity)
implies that a direct comparison between two firgiges the same result when comparing

indirectly these two firms through a third firm.

Bilateral Fisher output and input indexes between firms i and jin the case of

moutputs anchinputs are respectively, ; and X, ;:

iwjn Xin ivvl n Xin

M M
ijinm zPiinm

1 1
Y =0 ]2 X, =[%2 E (15)
Z;ijvjm Z_‘IPiijm Z_;‘Wj“x A Z_;vvi“x A

where Y™ and Y" denote the quantities for theth output for firmsi and j respectively,

whereasX" and X[ present the quantities for theh inputs for firmsi and j respectively.

15



Moreover, B™ and P™ are the prices fomth output, whileW" and W denote the input

prices. The Fisher output and input indexes measunei’s output and input as a proportion of

firm j and are the geometric means of Laspeyers ancth®aastput and input indexes. For
instance, Laspeyers output and input indexes uspanyj ’s prices to weight quantity changes,

whereas Paasche output and input indexes usei’rprices to weight quantity changes. The
bilateral Fisher productivity index is then consted as a ratio of the Fisher output index
relative to Fisher input index:
TFR :Y'—' (16)

: X,
The above formula is a binary comparison that canapplied directly when we are only
interested in making comparisons between two firtdewever, when we are interested in
making meaningful comparisons between more thanfiwes, the multilateral nature of spatial
comparisons creates some difficulties, which afieen the fact that more than two firms are
compared at the same time. Firstly, the numbepofgarisons may be quite large depending on
the number of companies that we have in our sasgptée calculation of productivity index can
be quite difficult. Secondly, we need consisteninparisons between all firms such that the

relative comparisons between any two firms areister® with other comparisons (transitivity).

Following standard practice, the process of catmgaa transitive Fisher outputv(;)

and input (X;;) indices begin by calculating all the possible dpjn comparisons,

i,j=1..., wherel is the total number of companies, and resulteénfollowing | x| matrices

of binary comparisons:

Yoo YooY, Xpg Xy oowrn Xy,
Yy YooYy, Xp1 Xpperon Xy, an
Yoo Y, | RSP - X, |

These binary Fisher indices can be converted inttiilateral consistent transitive indices by
applying the EKS method developed by Elteto-Kov&964) and Szulc (1964) to derive
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transitive Fisher indices (see Caves, Christensehliewert (1982a), Diewert and Lawrence
(2006) and Ball et al (2001) for a discussion onitiateral transitive indices). We therefore
derive transitive Fisher output and input indicethg the EKS method, which is equivalent to

taking the geometric mean of thgossible direct and indirect (through any poss#fleirm k)

binary Fisher comparisons of firm&ndj. The resulting Fisher output and input indic‘éﬁ, and

X”.S therefore fulfill the transitivity property:

YijS = l(l_l[Ym XYy ]Tl XijS = lj[xik X Xy Tl (18)

Adopting the terminology of the price index litareg (Hill, 2004) we refer to these multilateral
output and input indices as spatial indices, ag firevide spatially consistent measures across
all firms.

The spatial total factor productivity Fisher index a firm i relative to firmj, TFPii,
can then be constructed as the ratio of the sp@ishler output index relative to spatial Fisher
input index:

S

S Yij
TFP,S = —- 19)
X

S
ij

However, one can also derive fully equivalent tiares Fisher productivity indices using the
EKS method by directly taking the geometric meailbf possible direct and indirect (through

any possible 8 firm K) binary Fisher productivity comparisons of firinsnd;:
! 1
TR =[] [rFP, xTFR,|i (20)

The resulting index fulfills the transitivity progg since it is derived using the EKS method, so

any direct comparison between two firmisand jis the same with an indirect comparison

between these two firms with a third firkt

TFRS =TFRL xTFRS 0O, | (21)
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While we can generate tHex| possible transitive spatial output, input and picitvity
indexes between all firms, transitivity also implidat all meaningful information with regard to
relative productivity is available in a subset aoflyo| of these indices. Thus, if we arbitrarily
choose one firm as a base firm andjseb, then each spatial measure, is a measure ofifirm
relative to the chosen base firm and we can alsmpldy notation such that
TFRS =TFP®,Y: =Y,°, X, = X°. Therefore, productivity relative to the basemfs

productivity can be expressed as:

S

Y.
TFPiS = 1 (22)
X

S
i

However, this simplification comes at no loss ohgmality as another spatial productivity
measure between any given firms can simply be ttnl asTFRS = TFR°/TFP°. Similarly,
Y,SJ :YiS/YJ.Sand Xfi = XiS/XjS.

If spatial comparisons are available for each aine periods indexed by, and we

assume the same base firm in all years, we canaltfe spatial productivity of firmrelative to

firm b attime t as:

YS

s _ it
TFPY = v
it

(23)

Thesd xT measures then form the elements of a completef sgtatial comparisons indicating
the productivity, output and input of firm relative to the base firm at time t, and can be

succinctly illustrated in matrices similar to thdse unit-specific chain indices depicted in (13).
We now turn our discussion to the constructionhef spatial total price performance index,
(TPPif). Firstly, we express turnover of a fimelative to the base firm &85 =R, /R,,. The
spatially consistent aggregate output price inde If) is then calculated as
RS = RS /Y3 .Similarly, we express nominal economic costs dfra f relative to the base firm

as Cft =C,,/C,,. The spatially consistent aggregate input priceemt(i/\/if) is then calculated
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asW$ =CS5/X5. Finally, a spatially consistent TPP index of dimyn i relative to the base

firm at any given time t(TPPif) can be obtained as:

Ri
Y, PR}
TPPS = —%-=—= 24
it Clst VVI? ( )
X-S

Therefore, a spatial economic profitability indexiene t, nﬁ is calculated as the product of an
index of spatial total factor productivity forriri relative to the base firin, TFPif and a spatial

index of total price performance between firnand the base firnb, TPPif. Finally, we also

compute matrices of xT measures that include the spatial TPP, outputimmat prices and

economic profitability comparisons across compaatemy given year.

2.3.3. Relative Productivity, Price Performance and Pr ofitability Change Over Time

In order to simultaneously measure and decompespriffitability growth of any firm in
the sample across time and relative to other finmsyractice it is necessary to reconcile the
spatial profitability measures defined above withe tunderlying unit-specific chained
profitability of each firm. This is because whilection 2 has theoretically demonstrated that
relative productivity measures can be expressed danction of unit-specific and spatial
productivity measures, this is not as straightfodua a multilateral empirical application. Thus,
as demonstrated by Hill (2004) we cannot, in pcactiderive multilateral measures of the
productive change of any firmrelative to the base firm, which can satisfy begatial and

temporal consistency.

We have therefore chosen to pursue measures ¢iveefmoductivity change over time
that guarantee spatial consistency, as this appresicmost consistent in the regulatory
application we demonstrate below. Thus regulatarsaomparative or yard stick regulatory

regimes typically employ cross section techniquesnieasure differences in productivity or

2 Spatially consistency implies that each yearatie¢ productivity measures do not depend on therotears in
the comparison and temporal consistency implieg eéhch firm’s productivity estimates do not dependhe
number of observations in the time series
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efficiency across firms (relative comparative parfance) and therefore use what are, in fact,
spatial performance measures to inform their dewiswvith regard to appropriate regulated
prices. Thus, as our applied relative performanceagures retain spatial consistency by
construction, the relative performance indices wigld comparative performance measures that
are consistent with regulatory practice in any giwear. However, because our relative
measures will also allow intertemporal analysisossrfirms, they have the advantage of
allowing a more detailed analysis of firm perforro@archange over time, which is not possible

with a spatial index alone. .

Given these arguments, we follow Hill's approacB02). Therefore, firm i's relative

productivity change over time&gRY) is determined as the geometric average of titernative

potential estimates of relative productivity, asided by employing the chained time trends and

spatial productivities of all thefirms in the sample:

TER® =| 1| (TP xTERS) LAl (25)
»' = X =) X :
it D jit jl TFF)J?t

Thus, when i = j,TFRY can be simply expressed as the product of the'sfimwn chained
productivity index and its spatial productivity nseie in year 1:TFPLT :TFRffHTFRE. In
contrast, for the alternativel estimates wheri,#z j. TFRY can also be expressed as a function

of any other firmj’s relative productivity index calculated &P7 =TFPT'TFPS, and the

spatial productivity of firm i relative to firm jwhich given the definition of our spatial

- TFP? , .
productivity measures, can be expresseel—as%. Thus, rather than relying on a single one of

jit
these potential estimates, the definitiorT&R" in (25) employs all available spatial and chained

productivity estimates to provide an arguably siguegeometric average estimate 9FP;. We

can similarly derive measures of the relative otigmd input indices over timey,; andX .
The resulting measures of the relative productivatytput and input change of any firm over

time can be depicted in matrices similar to thos@ B) and (24).
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Following our approach in (4) these relative measuare indices of any firmmeasured
relative to the base firm in the base year. Consitm of consistent price, and TPP indices can

therefore be accomplished by firstly expressingauer of firmi relative to the base firm at the
base year 1 aR"; =R, /R,;. The relative aggregate output price index oveetifﬁ}f) is then
calculated aPt = R} /Y. Similarly, we express nominal economic costs fifra i relative to
the base firm at the base year 1G5 =C,, /C,, . The relative aggregate input price index over
time, (W?) is then calculated a#/% =CR /X[ Finally, a relative TPP index of any firm

relative to the base firm at the base yea(rTIPPif) can be obtained as:

Ri
YR PR
TPPY = == 26
it Clli \/VI? ( )
X

As a result, a relative economic profitability irxde'ri'i can be calculated as the product of an

index of relative total factor productivity forrfin i relative to the base firrh at base year 1,

TFPi”i< and a relative index of total price performanegneen firmi and the base firrh at the

base year 1TPPY.

In order to achieve our ultimate goal of decompgasinit specific profit growth in the
multilateral context, as demonstrated in (8) in tilateral context, we must finally derive unit
specific indices which are consistent with the treéaindices developed in (25) and (26). We

therefore calculate a consistent measure of ueitiip productivity over time, which can be

R

TFP
obtained asTFPiYLfS = ";. Similarly, consistent measures of unit-specifidput and input

il

_ YR X _
growth are respectlvelyﬁffsz'zg and Xi‘f:_‘;. In an analogous manner, consistent

i1 i1
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measures of unit-specific TPP output price, inputepand economic profitability indexes are

TPPR PR WR
oo PO =S W =—Cand 72 = TFRYSTPRY® .

PP ) ’ Wi’Rl

respectively,TPP\® =

Given our modeling decision to maintain spatial istency at the cost of temporal
consistency, and the subsequent employment of dwenetric average of the alternative
potential relative indicators as appropriate upidfic relative productivity, output and input
indices, we must note that the unit-specific chaitemporal indexes will, by construction, not
be perfectly consistent with the unit specific temgd indexes constructed from the multilateral
relative indices. Nevertheless, it can be reaaigthematically demonstrated that the geometric
average of thé chained unit specific temporal indices and thas@vdd from the relative indices
detailed in equations (25) and (26) are equal. Thos example, if we take the geometric

i

average across all firms | in the sample, th%ﬂ (TFR?“)} :[lj(TFPift’s)} , and

=l

1 1

| 1 | 1
[” (TPPiffH )} :{rll (TPPiffs)} . This implies that while our approach to derivithg relative

1= 1=
indicators necessary to decompose unit-specifiedgen firm performance can result in minor
deviations from the temporal trends implied by tineit-specific chained indices, we can
nonetheless be fully confident that on averageuttiespecific estimates are consistent with the
underlying chain-based estimates of temporal chamdem performance. We therefore, focus

on these average estimates and their decompositmur results below.

This section has specified a methodology to allbe émpirical application of unit-
specific, spatial and relative economic profitdiilindices and their decomposition into unit-
specific, spatial and relative productivity andcpriperformance indices in a multilateral setting.
We firstly, calculated chained productivity, priperformance and profitability indices for each
firm over time. Then, we derived spatial produdgiyprice performance and profitability indices
across firms for each year. Then by reconcilingtbgr temporal chained and spatial indices, we
were able to derive relative productivity, pricefpemance and profitability comparisons across
firms and over time that guarantee spatial conststeMoreover, we have demonstrated that

these estimates are not only spatially consisteat, are also, on average, consistent with
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alternative unit-specific chained indices of tengbqrerformance change. Thus, this section has
demonstrated an appropriate methodology to allovdézompositions of profitability indices in
a multilateral setting, thereby extending the apphoillustrated in equations (1), (2) and (3) in
the binary context. Consequently, we are able tasistently decompose unit specific
profitability change as a function of the profitétlyi growth of a base firm and profitability
catch-up relative to that firm over time, which dam further decomposed as a function of the
productivity and price performance of a base fimd aroductivity and price performance catch-
up relative to that firm over time, in a multilaaéisetting, as illustrated in equation (8) in the
binary context. Finally, our index number methodyl@oes not allow us to as readily take into
account differences in operating characteristies thay affect relative measures of productivity
or price performance. Nevertheless, given that ifatafity is not influenced by these
characteristics, and if differences in operatingareloteristics are relatively small, the
methodology should be robust enough to accuratdigracterize trends in regulatory

performance over time.

4. Data

Our model includes separate outputs for water awlersage services, and the three
inputs, capital, labor and other inputs. The dateeced are for the period 1991-2008 for a
balanced panel of 10 Water and Sewerage companaS(s). Water connected properties and
sewerage connected properties are the proxiesdtarand sewerage output and are drawn from
the companies’ regulatory returns to Ofwat, whioh ased to construct the output indices. These
binary output indices then formed the basis of troting fully spatially consistent output
indices with the EKS method. Finally, spatially s@tent aggregate output price indices were
constructed as the ratio of relative aggregateottegnin nominal terms to this spatial aggregate

output index, as discussed above.

Our physical capital stock measure is based omnftation adjusted Modern Equivalent
Asset (MEA) estimates of the replacement cost gfsjgal assets contained in the companies’
regulatory accounts. However, as periodic revabmatiof these replacement cost values could
create arbitrary changes in our measure of physiapital, we cannot directly employ these
accounting based measures. Instead, we accepe#neending 2006 MEA valuations as our

base value, and use net investment in real termpdate this series for earlier and later years.
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Real net investment is therefore taken as the stidisposals, additions, investments and
depreciation, as deflated by the Construction QuRrice Index (COPI). Following Saal and

Parker’'s (2001) approach, we averaged the resuytag ending and year beginning estimates to
provide a more accurate estimate of the averagsigdiycapital stock available to the companies

in a given year.

We subsequently employed a user-cost of capitptoggh, to calculate total capital
costs as the sum of the opportunity cost of invks#pital and capital depreciation relative to the
MEA asset values, and construct the price of playsiapital as the user cost of capital divided
by the above MEA based measure of physical cagitalks. The opportunity cost of capital is
defined as the product of the weighted average cbsapital (WACC) before tax and the
companies’ average Regulatory Capital Value (RCM)e RCV is the financial measure of
capital stock accepted by Ofwat for regulatory pggs. The WACC calculation is broadly
consistent with Ofwat’'s regulatory assumptions asdestimated with the risk free return
assumed to be the average annual yields of meditm-UK inflation indexed gilts. The risk
premium for company equity and corporate debt wesumed to be 2% following Ofwat’s
approach at past price reviews. We also allowedliiberences in company gearing ratios and
effective corporate tax rates, which were calcalate the sum of aggregate current and deferred
tax divided by the aggregate current cost proffoteetaxation. Finally, following the approach
in Ofwat’s regulatory current cost accounts, cdpigpreciation was the sum of current cost

depreciation and infrastructure renewals charge.

The average number of full-time equivalent (FTE)péoyees is available from the
companies’ statutory accounts. Firm specific lalygices were calculated as the ratio of total
labour costs to the average number of full-timeivaant employees. Other costs in nominal
terms were defined as the difference between dpgrabsts and total labour cost&iven the
absence of data allowing a more refined break bother costs, we employ the UK price index
for materials and fuel purchased in purificatiord alistribution of water, as the price index for
other costs, and simply deflate nominal other cbgtshis measure to obtain a proxy for real

usage of other inputs. Given these input quantiy price measures, we are able to calculate

3 While it would be particularly desirable to disaggate other input usage data further and in paati¢o allow for
separate energy and chemical usage inputs, theadailable at company level from Ofwat’s regulatoeyurn does
not allow a further meaningful decomposition ofatimput usage.
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indices of unit-specific, spatial and relative ihpusage discussed above. As total nominal
economic costs are obtained as the sum of totatatagwsts, labour costs and other costs in
nominal terms, division of this sum by the unit-cfie, spatial and relative input index, allows
the construction of unit-specific, spatial and tigka input price indices. Finally, economic

profits are calculated as the difference betweamotter and calculated economic costs.

5. Results From Productivity, Price Performance and Profitability Computations

The above spatial and relative profitability, protiuty and price performance measures
were defined relative to the base firm in the samplowever, if the base firm is defined as the
firm with the highest productivity in the sampleeh each firm’s productivity, prices and profits
will be relative to this best practice or benchmfamk. In this section we first report geometric
average measures of unit-specific profitabilitypghrctivity and price performance in figure 2.
Subsequently, we demonstrate the further decompodifiat is facilitated by our methodological
approach by decomposing theses changes into arageveratch-up component and the

performance of the benchmark firm.

Figure 2 illustrates the decomposition of unit-spe@conomic profitability change into
unit-specific productivity and price performanceacbe over the period 1991-2008, thereby
replicating the work of other authors including Saad Parker (2001), which provided measures
of unit-specific economic profitability, producttyi and price performance for WaSCs over
1985-1999 using a Tornqvist index. The resultscatt that between 1991 and 2008, average
economic profitability increased by 5.9%, which wafibuted to an improvement in TFP of
22.9% and a reduction in TPP of 13.9%. On averhgeetwas a stable increase in TFP over
time, while TPP followed an upward trend until 199%hich was interrupted in 1995, but was
again followed by a substantial increase betwedd® Ehd 2000. We note that during the years
1991-1994, average economic profitability increaskte to increases in TPP which was

substantially greater than TFP growth. As docuntemerevious studies, Ofwat’s tightening of

* We have not identified firms for confidentiallyagons. The same firm is consistently found to theehighest
spatial productivity estimates in all years, anthierefore modelled as the benchmark most prodaiditin in each

year of our study Moreover, we note that his simewas found to have the highest spatial proditgtiestimates
in each year of the study regardless of whetheapmied the spatially consistent Fisher indicesvigled in the

main text, similar spatially consistent Tornqgvistlices, or the multilateral translog index for WaSgased on the
Torngvist index developed by Caves et al (1982ajthiermore, there is little substantive differetegween the
results regardless of which method is employed.
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price caps in the 1994 price review decreased theth in real output prices and therefore
resulted in a downward trend for both TPP and esoagrofitability until 1998, while TFP
continued to rise steadily. Our finding therefoomfirms Saal and Parker’'s (2001) study, which
found that during 1991-1999, positive changes imnemic profitability were mainly attributed
to changes in TPP rather in TFP. However, figuex2nds their study by including results for

unit-specific profitability, productivity and prigeerformance changes until 2008.

H 4.,,|—-—l——l/i-‘7'‘/.’d.§4\L
10 fn

1991119921993 1994 1995|1996 1997|1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
—e—Economic Profitability |1.000/1.10211.186/1.234/1.2051.170| 1.217|1.206/1.244|1.326/1.069| 1.150|1.082| 1,050/ 1.054| 1.138, 1,064/ 1.059
—a—TFP 1.000/1.006|1.021{1.029/1.039/1.072/1.100|1.126/1.140|1.120|1.150|1.148)1.157|1.168|1.209|1.220|1.215/1.229

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

Figure 2 Decomposition of Average Unit Specific Profitability into Average Unit Specific TFP and TPP

These extended results demonstrate that after 2800¢ced output prices caused TPP to
dramatically decline, and its value remained cdasity below 1 after 2000. This indicates that
regulatory price changes implemented after 2000sex the price performance of firms to fall
substantially below its level in 1991. Moreovereege unit-specific TPP followed a downward
trend except for 2006, when output prices werewadbhbto momentarily rise in the first year of
the 2006-10 regulatory period. Unsurprisingly, givke dramatic fall in price performance after
2000, average economic profitability also subs#diytideclined, even though TFP continued to
follow a steady upward trend, which was only moraght interrupted in 2007. Thus, in the post
2000 period, trends in temporal economic profitgbitontinued to follow the trend of TPP,
indicating that changes in price performance caito be the main determinant of changes in
economic profitability.
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Nevertheless, while TPP fell below 1991 levelsra®@00 average economic profitability
did not, thereby implying that on average profiliépiin the industry remained moderately
higher than in the immediate aftermath of privat@a This is because of the significant and
continuing gains in TFP between 1991 and 2000rti@e than offset the dramatic tightening of
regulated output prices in 2001. Thus, the immediaipact of the 1999 price review in 2001 is
consistent with an interpretation emphasizing ®fatat chose to pass considerable accumulated
past productivity improvements to consumers, themgbrsening profitability, but still left the
industry more profitable than in 1991. Moreoverg tsteady decline in average price
performance, gains in TFP and relatively stableneoac profitability that have characterized
the 2001-2008 period, suggests that Ofwat is nowerfaxused on passing productivity benefits

to consumers, and maintaining stable profitabtlign in the earlier regulatory periods.

Our discussion of figure 2 has clearly illustratd®d decomposition of unit-specific
economic profitability change into unit-specificopluctivity and price performance change and
also demonstrates that this approach can captarsighificant shift in regulatory practice after
2000. However, given that Ofwat operates a systepamistick regulation which is designed to
encourage catch up to benchmark firm performanoe, methodology developed above, is
particularly relevant. Thus, we should expect thatperformance improvement of laggard firms
should exceed that of benchmark firms. This is bseahe price caps set for benchmark firms
should only require them to continue improving theerformance through technical change,
while price caps for non benchmark firms will algmuire them to catch up to the benchmark
firm. Thus, the multilateral models develop aboam de used to illustrate the contribution of

benchmark performance and average catch-up toga/éiren performance.

Looking at figure 3, we note that the lax price £3@pt at privatization as documented is
past studies, allowed average economic profitgbilit increase significantly until 1994 by
23.4% and that this exceeded benchmark economittagiitity growth which increased by
19.6%, therefore allowing an average catch-up tachemark profitability of 3.1%. The
tightening of price caps from 1994 resulted in avadward trend for average and benchmark
economic profitability. Thus, during the years 19®98, the average firm did not improve its
economic profitability relative to the benchmarkt libis was once again interrupted during

1998-2000, when average economic profitability éased more than benchmark profitability,
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allowing average catch-up of 2.4%. The substantauction in output prices due to the
tightened 1999 price review resulted in a significaeduction in average and benchmark
economic profitability for the subsequent yearsaltshowed an upward trend only in 2002 and
in 2006. We note that benchmark firm realized digant decline in its economic profitability in
2001, and despite an improvement in 2002, furtleetides meant that its profitability in 2005
was only 0.04% of its level in 1991. Moreover, des@an uptick of benchmark profitability to
1.115 in 2006, by 2008 benchmark profitability wady 97.9% of its 1991 level. In contrast,
while average economic profitability was also cdesably lower after 2000, it has never
declined below average 1991 levels. As a resudirae firm showed high levels of catch-up in
profitability relative to the benchmark after 20Mowever, this is mainly explained by the
relative decline in the economic profitability dfet benchmark firm. Thus, over the 1991 to 2008
period the average company caught-up to benchnwrkoenic profitability by 8.1%, but this

was mainly attributable to a decline in benchmaKifability of 2.1%.
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199111992 1993|1994 1995|1996 | 1997|1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
—&— Unit-Specific 1.000/1.102/1.186/1.234/1.205/1.170|1.217/1.206|1.244(1.326|1.069(1.150/1.082|1.050(1.054|1.138|1.064|1.059
—a—Catch-Up 1.000/1.063/1.028/1.031/0.996/0.97010.995/1.006(1.040(1.024|1.035/1.026/1.018|1.015/1.0501.020(1.022|1.081
Best 1.000/1.037/1.154/1.196/1.209/1.205|1.223/1.199(1.196/1.295(1.034/1.121/1.063|1.035/1.004|1.115|1.042(0.979

Figure 3 Decomposition of Average Unit-Specific Profitability into Average Profitability Catch-Up and
Profitability of the Benchmark Firm

The decomposition of average unit-specific prodistigrowth into productivity change
of the benchmark firm and average productivity kaip relative to the benchmark firm is
depicted in figure 4. Until 1995 there were actyallegative productivity catch-up as the
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productivity improvements for the average compampuanted to 3.9%, while the benchmark
company improved its productivity by 4.4%. Thisding suggests that the lax price caps set at
privatization encourage neither average or benckirans to achieve high productivity levels.
This trend was interrupted after 1995 when bothray® and benchmark productivity
performance significantly improved. We note thatimy the years 1996-2000 when price caps
were first tightened, average companies should Heack stronger incentives to catch-up to
benchmark, while the benchmark company should his@® been incentivized to continue to
improve its productivity. By 2000, average cumwlatproductivity increased by 12% and this
growth exceeded that of the benchmark firm, whadhieved cumulative improvement of
10.2%, thereby indicating total catch-up in produtt of 1.1% between 1991 and 2000.
Moreover, significant productivity gains for theemage firm relative to the benchmark firm also
continued after 2000. Thus, our results suggestieamplementation of even tighter price caps
in 1999 further encouraged less productive firmsmprove their performance relative to the
benchmark, even though the benchmark firm continwesinprove its performance. Thus, by
2004, the cumulative measures of productivity cleasigce 1991 indicate that average company
improved its productivity by 16.8% catching up ke tbenchmark productivity by 2.1%, while
the benchmark firm improved its productivity by 3%. During the last price review period,
average productivity growth again substantially eeded the productivity growth of the
benchmark firm, resulting in high levels of produity catch-up between 2005 and 2008,
although this is largely explained by substantetlohes in benchmark productivity after 2006.
Thus, in sum over the entire 1991-2008 regulatasioonl, average productivity improved by
22.9%, while benchmark productivity improved it®guctivity by 16.6% allowing an average
productivity catch-up of 4.7%. Moreover, our resuduggest that all of this catch-up can be
attributed to the post 1995 period, after Ofwastfiightened price caps, and most of it can be

attributed to the post 2000 period, following tlver® more stringent 1999 price review.
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19911992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
—+—Unit-Specific | 1.000| 1.006| 1.021| 1.029|1.039 1.0721.100| 1.126 | 1140 1.120| 1.150 | 1.148| 1.157| 1.168| 1.209 | 1.220| 1.215| 1.229
—s—Catch-Up |1.000{0.995/0.997|0.991|0.995/1.009 | 1.045| 1.014 1014/ 1.011|1.031| 1.024| 1.026| 1.021/ 1.039 | 1.008| 1.018 | 1.047

Best 1.000/1.010/1.024|1.039| 1.044| 1.062| 1.047| 1.103| 1.118| 1.102| 1.116 | 1.122|1.128 | 1.145/ 1.163| 1.211|1.193| 1.173

Figure 4 Decomposition of Average Unit-Specific TFP Change into Benchmark TFP Change and Average
Catch-Up to the Benchmark Firm

The decomposition of average unit-specific econopnice performance change into the
price performance change of the benchmark firm awdrage price performance catch-up
relative to that firm over time is displayed aturg 5. The results indicated that until 1994 when
price caps were relatively lax, both average andchenark price performance significantly
increased by 19.9% and 15.1% respectively. AverHgB growth exceeded benchmark TPP
growth allowing an average catch-up in price penfance of 4.1%. The tighter 1994 price
review, led to a substantial downward trend in agerand benchmark TPP until 1998. We note
that during the years 1996-1998 benchmark TPP ¢yaxteeded average TPP growth and
therefore there were not any price performanceheagcgains on average. After 1998, average
TPP increased more than benchmark TPP but by 200@& was a broad convergence in average
and benchmark TPP as the respectively demonstcatedlative increases of 18.4% and 17.5%
since 1991. However, the dramatic impact of the91pfce review obliged the companies to
reduce their output prices significantly and a800 there was a significant decline in average
and benchmark TPP, except for the year 2006 wHatively looser price caps were introduced.
We notice that during the years 2001-2004, ther littée or no difference between average and
benchmark TPP, while during the years 2005-2008agee TPP exceeded benchmark TPP
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showing the highest levels of price performanceleaip in 2006 and in 2008. By 2008, average
TPP had been reduced by 13.9% relative to 1991slewsile benchmark TPP had been reduced
even more by 16.5%, thereby allowing an averageheap in price performance of 3.2%. Thus,
figure 5 clearly illustrates that in the post 1998e review period, the price performance of all

firms is substantially lower than in the first 18ays after privatisation.
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—e— Unit-Specific |1.000|1.096{1.162|1.199|1.160|1.091 1.106|1.072/1.091|1.1840.930/1.002|0.936 | 0.899|0.872|0.9330.876|0.861
—s—Catch-Up  |1.000/1.068/1.031|1.041/1.002|0.962 0.952|0.992|1.026 | 1.014|1.003|1.002|0.992|0.994/1.010|1.013 | 1.0041.032

Best 1.000{1.027|1.127|1.151|1.158|1.134|1.168|1.087/1.070|1.175|0.926| 1.000 |0.943 |0.904| 0.863{0.921|0.873|0.835

Figure 5 Decomposition of Average Unit-Specific TPP Change into Benchmark TPP Change and Average
Catch-Up to the Benchmark Firm

6. Summary and Conclusions

This paper analyzed the impact of regulation onfithencial performance of WaSCs in
England and Wales over the period 1991-2008. Wdayag a panel index number technique to
decompose profits into total factor productivitydgprice performance, and demonstrated several
different but theoretically related methods to linkkoductivity, price performance and
profitability. Thus, we not only estimated and depmsed unit-specific (temporal) profitability
of each firm over time, but also illustrated a raferal spatial Fisher index, that allowed
multilateral spatial measures between all the pafirsompanies included in the analysis at any
given year (multilateral spatial comparisons). We dinked together the spatial and temporal
results in order to derive estimates of relativedpictivity, price performance and profitability
measures over time. This allowed us to expressautiespecific profitability of any firm as a

function of the profitability growth of the benchrkdirm and actual catch-up to the benchmark
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firm. Further decomposition included other produityi and price performance components as

well.

The results indicated that during the years 199082@n average there was a stable
increase in TFP, while TPP followed an upward trantll 1994, due to the lax price caps set at
privatization, but was interrupted in 1995 due he tightened 1994/95 price review and was
followed by a substantial increase in 1999 and 2@G@er 2000, average TPP and economic
profitability followed the same trend, whereas ager TFP increased steadily. Average TPP and
profitability significantly declined due to the hitened 1999/00 price review and followed a
downward trend except for the years 2002 and 2006s, after 2001, the steady decline in
average price performance, gains in TFP and relgtistable economic profitability suggested
that Ofwat was more focused on passing productivégefits to consumers, and maintaining

stable profitability than in the earlier regulatggriods.

Focusing on economic profitability results it isnctuded that average economic
profitability exceeded benchmark economic profiigbiduring the years 1991-1994 and 1998-
2008, showing high levels of catch-up relative eméhmark economic profitability after 2001,
which was mainly attributed to the relative declime the economic profitability of the
benchmark firm. With respect to the productivityrfpemance of the less productive and
benchmark firms, it is concluded that until 199%@ge and benchmark firms did not have
strong incentives to achieve high productivity lev&his was interrupted after 1995, when price
caps became tightened providing evidence thatgesductive firms had stronger incentives to
catch-up to benchmark, while the benchmark compaayg also incentivized to continue to
improve its productivity. Significant productivitgains for the average firm relative to the
benchmark also continued after 2000. Thus, ourtesuggested that when Ofwat’s tight price
reviews in 1995 and especially in 1999/00 incemt@ivithe companies to improve their
productivity performance. Also, looking at the aage and benchmark price performance we
concluded by 2000 there had been a convergenceerage and benchmark TPP. During the
years 2001-2004, there was little or no differebeéween average and benchmark TPP and
during the years 2005-2008 average TPP exceedethinank TPP showing the highest levels of
price performance catch-up in 2006 and in 2008. @8ults suggested that in the post 1999
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price review period, the price performance of mthg was substantially lower than in the first 10

years after privatisation.

Overall, our index number based approach providédckward-looking approach with
respect to the impact of price cap regulation oa grofitability, productivity and price
performance of less productive and benchmark firihsallowed us to calculate unit-specific
profitability, TFP and TPP change and provide gigticonsistent measurement of changes in
these performance measures relative to other faves if the number of available observations
was extremely limited. Another research paper wehplore the impact of operating
characteristics such as drinking water and seweragément quality, on profitability, TFP and
TPP measures. Moreover, we strongly believe thathtethodology can be further used to aid
regulators in setting X-factors under price capulaigon for regulated firms (forward-looking).
Since X-factor requires the measurement of effyenhange (catch-up) and frontier shift
(technical change), our approach provides evidéoiceatch-up (efficiency) in productivity by
less productive firms based on the consistent apatoductivity measures across companies at
any given year and also provides evidence for tioelyxctivity growth of the benchmark firm

(technical change).
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