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1.Introduction®
The water and sewerage industry in England and sMadas privatized in 1989 and

before privatization there were 10 Regional Watetth@rities responsible for the water and
sewerage supply in England and Wales and 29 StatWater companies, which were already
privatized companies that were only responsibleti@ supply of water. After 1989, the 10
Regional Water Authorities were privatized and fedrthe Water and Sewerage Companies
(WaSCs) and the 29 Statutory Water Companies betdater Only Companies (WoCs). Today
there are 10 WaSCs whose duties include the sabplater in areas that are not supplied by the
WoCs, and the collection, treatment and disposaewierage in all areas. However, there are
now only 11 WoCs, after mergers and takeovers. Wa&Cs supply drinking water to 80% of
the population in England and Wales with WoCs syipglthe rest. There are three regulatory
bodies in the water and sewerage industry. Thec®ffif Water Services (Ofwat), which is the
economic regulator and sets the price limits faheeompany every five years, the Environment
Agency (EA), which is responsible for pollution ¢am, licensing and regulation of water
abstraction, and the Drinking Water Inspectoraté/([) which is responsible for controlling and
monitoring drinking water quality.

The method of regulation in the UK water and segersector is price cap regulation and
is designed to both give firms incentives to inseeprofits by reducing costs and eliminating the
potential to manipulate output prices. The price seheme has the form of RPK, where RPI
is the retail price index and K includes two comgauts; X which reflects the beliefs of the
regulator about potential improvements in produttiyreduction in costs) that the regulated
companies can achieve over a specific period andvRich reflects the allowed capital
expenditure for mandated quality investment prgjéatimprove water and sewerage quality and

environmental standards.

At privatization in 1989, price limits were set the Secretary of State for a period of ten
years and were, on average, RPI +5.2 per annuthdandustry, RPI+5 per annum for WaSCs
and RPI+6.1 per annum for WoCs. The K factor wasasa high level in order to make up for

years of underinvestment before privatization aadehsure that the shares of the public

! The authors would like to express his gratitudetf® support of the Economic and Social ScienceeReh
Council as well as the Office of Water Servicesw@t), and note that the usual disclaimer applies.
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companies would be attractive to potential investéfowever, as documented in past studies
(Saal and Parker, 2001) the first price caps wefatively lax allowing the firms to gain
extraordinary profits, and as a result Ofwat exsadiits right to reset price caps in 1994. Thus,
the average K factor after the 1994 reviews was+BBI for the industry, RPI+1.0 for the
WaSCs and RPI-0.4 for the WoCs, representing aiderable tightening of price caps. This
continued in the price review of 1999 with an ager& factor of RPI-2.1 for the industry, RPI-
2.0 for the WaSCs and RPI-2.8 for the WoCs. Inpthee review of 2004 the K factor increased
again to an average of 4.2% per annum, whereaf0@® Dfwat published its final price
determinations suggesting an average K factor d+#®B per annum for WaSCs ,and RPI+0.3
per annum for WoCs for the next five years. Thérggof X-factors includes the measurement
of industry-level annual productivity growth usihgstoric data and firm-level relative efficiency
using average-based and frontier-based methodsch{beak techniques)As there are
companies that are regulated under the same frarkewloe regulator can compare the
performance of each company against the performahtige others in the industry. Ofwat had
developed econometric and unit cost analysis tectesi to measure the relative efficiency of
WaSCs and WoCs after taking into account factasdhe outside a company’s control and may

influence differences between companies’ costs.

Empirical modelling techniques such as stochastimtier or econometric analysis
(Lynk, 1993, Saal and Parker, 2000 and 2006), ssgge analysis (Ashton, 2000a), data
envelopment analysis (Portela et al, 2009, Thandiss@000a and 2002) or index numbers (Saal
and Parker, 2001, Maziotis, Saal and ThanassoR(89 and 2012) were used assess
comparative efficiency and productivity measuremétdwever, none of the above studies
extended their methodologies for setting X-factor the UK water and sewerage regulated
companies. In contrast, studies have appearedeineitent years that used data envelopment
analysis (Coelli and Walding, 2006) or index numtemhniques (Lawrence and Diewert, 2006,
Bernstein et al, 2006) to measure productivity dhowand propose X-factors in regulated
industries such as the water supply industry intéalis, the electricity network in New Zealand
and telecommunication industry in Peru.



The purpose of this study is to allow the decompmsiof unit specific index based
number productivity growth in order to account fioe contribution of both productivity growth
achieved by benchmark firms, as well as the camiioh of productivity catch-up by less
productive firms. This is accomplished by followittge methodology previously developed by
Maziotis, Saal and Thanassoulis (2012) which exddahd approach of Saal and Parker (2001)
and Maziotis, Saal and Thanassoulis (2009). Thifgiemcy X-factors for the water and
sewerage companies in England and Wales can beggdpFirstly, we provide measures of
temporal (unit-specific) productivity across tiner £ach firm. Secondly, we allow productivity
comparisons across companies at any given yeatil@edal spatial comparisons) calculated by
using a multilateral Fisher index. Thirdly, by recding together the temporal and spatial
productivity measures into relative productivity asares, we provide a single index that
consistently measures productivity performance ghahetween both firms and over time.
Finally, the reconciliation of the spatial, temgdaaad relative productivity measures allows us to
decompose the unit-specific index based numberugtodty growth as a function of the
productivity growth achieved by benchmark firmsdathme catch-up to the benchmark firm

achieved by less productive firms.

Moreover, since the UK water and sewerage industrgharacterized by high capital
investment programs to improve drinking water gyatind environmental standards and past
research has demonstrated that quality improvemaatsignificantly impact temporal and
spatial productivity measures (see Saal & Parkeg®d12Maziotis, Saal and Thanassoulis, 2009),
we therefore test the impact of quality on our picitvity measures. The quality adjusted unit
specific productivity growth is decomposed into taaditional factors, quality catch-up by less
productive firms and quality growth achieved by thenchmark firm. Finally, based on the
spatial productivity results in the latest yeamour sample and the relative productivity change
measures, we calculate the potential (anticipgbealuctivity catch-up of laggard firms and an
estimate of how the top performing company improNggroductivity over time (frontier shift),
which is then used to propose X-factors for theewatnd sewerage sector over a particular
period (five years). We illustrate our analytica@cdmposition of productivity change with an
empirical application to the regulated English &delsh water and sewerage industry during the
period 1991-2008.



The paper unfolds as follows. Section 2 discuskesptential application of index
number techniques for measuring productivity pen@nce in a binary context. Section 3, then
considers the methodology necessary to empiriegdply this approach in a multilateral setting.
The following section provides a discussion of dataployed and the next section details the

empirical results. Section 6 finally concludes.

2. Relative Productivity Performance: A Theoretical Illustration With Bilateral Indices
In this section we first illustrate unit specifgpatial and relative indices of productivity

and their decomposition. We also employ these ewdito illustrate how firm specific
productivity change can be decomposed as a funofidghe productivity growth of a base firm

and productivity catch-up relative to that firm ovene.

2.1 Unit Specific Productivity Performance Indices
We first define the unit specific decompositionpobductivity following the approach of

Saal & Parker (2001) and originally illustratedWaters & Tretheway (1999). This approach
measures productivity performance between two perods, yeart and base yedrfor firmi .

It therefore only measures differences in the tampdimension for the given firm.

We can thus define and decompose a unit-specdiofdobral) index of productivity for

firm iat periodt relative to the base peribdTFR;®, as follows:

Yi,t Yit
X Y,ooyys
us _ it _ il _ it
TFP, ¢ = Y. = X, = XiL,Jts (1)
XII Xi,l

As TFPY® =Y%/X!® this index can be further decomposed as functidrthie unit-specific

output (¥;° =Y,,/Y;;) and input X;° =X,,/X;,) indices, whereY,, and Y,, denote the

aggregate output indices at period t and the basedd and X, and X;, denote the aggregate

input indices at period t and the base peljodspectively.



2.2 Spatial Productivity Performance Indices

We next consider the productivity performance fanfi relative to a base firmbat time
t, which we call a spatial index, thereby adopting terminology employed in the price index
literature (Hill, 2004). As a result of its defilmh, this index only directly measure differences i
productivity in the spatial dimension (between 8)jnat any given time. We can thus define and

decompose a spatial productivity index for any firmelative to the base firnbb at period t,

TFR;; as follows:

Yi,t Yi,t
X, Y Y,S
TEPS = 1t = bt o @)
! Yo Xis Xii
th Xb,t

As TFPS =Y /X5 this index can be further decomposed as functafnthe spatial output
(Y =Y,,/Y,,) and input X5 = X,,/X,,) indices, whereY,, and X,, denote the aggregate

output and input indices of the base fibmat period t, respectively.

By definition spatial indices estimate firiis performance relative to any potential base
firm b, and therefore should have potential applicationgegulatory settings on this basis alone.
Spatial performance indices can also be employedeasure catch up in relative performance.
Thus, if we have access to data for the base lyaad any other year t, we can define and

decompose an index of productivity catch up for &g i at time t relative to the base firm

b attime t,TFR{ , as follows:

Y-S

it
YUTRRS XS XS

X3

Thus, for firmi at time t, an index of productivity catch u'EEF{f can be expressed as a function

of an index of spatial total factor productivity fiirm i relative to the base firim from different



. . TFRY C N /XC this |
time periodsl and t, —~. As TFPR; :Yi,t/xm this index can be further decomposed as a

function of catch up indices for output§{ =Y;3 /Y7 ) and inputs K5 = X5 /X3).

2.3 Relative Productivity Performance Indices
We finally define the productivity performance famy firm i at any timet relative to a

base firmb at the base timk As by construction this index is measured redatiy a constant
base for allt and alli, it therefore captures differences in both thetiapand the temporal

dimensions for any given firm at any given time.e \8an thus define and decompose a relative

index of productivity change at time t for firmrelative to the base firmb at base yedr, TFF{T

, as follows:
Yi,t Yi,t
X. Y, YR
TFPR = 1t = bl = U 4
" Yo Xy Xi'i “)
xbI Xb,I

Thus, for firmi at time t, the relative productivity indeIFPi? can be expressed as a ratio of an

index of total factor productivity for any firmrelative to the base firrh at base yedr at any

TFP
time t, = 'L As TFRT =Y /X[ this index can be further decomposed as funciigrtse
b,l

relative output ;¥ =Y, /Y,, ) and input X} = X;,/X,, ) indices whereY,, and X,, denote

the aggregate output and input indices of the baseb at year, respectively.

Given the binary definition of FRY and its componentsY(, X) these relative
performance estimates are theoretically equivdlenhe separate binary performance estimates
provided by the unit-specific and spatial perforcmeasures. Thus, &P\° =TFRT /TFRT,

YU =Y R /YR, X2 = X5 /XT it is straightforward to demonstrate thaFPYs can be

estimated and fully decomposed as a function atike performance measure estimates:



" XR O OTFPR
Xi]
Similarly, asTFP =TFRS /TFRY, Y3 =YR/NR, X5 =XR/X5:
M
Yoy _ TFP%
TFF’ISt = b'}; = "; (6)
Xt TEPGL
X o

Estimates oﬂ'FPiff can then be constructed with the underlying retaproductivity indices,

and can in fact be constructed as the ratio okeifinm specific or spatial indices as defined in
(5) and (6). This also clearly demonstrates thatctitch up index is, at its core, simply a ratio of

firm specific productivity growth indices.

TFRY  TFR}
. TFR} TFR} TFP} TFRY®
TFFI)t = ~= L= = : (7)
* TFR} TFRY TFR; TFRY

TFbef TFFgff
Rearranging, (7) and decomposing the productivithek we can write:
TFPi,LtJS = TFPif X TFPbE’tS (8)

Thus, given the availability of relative performaniadices, the temporal productivity of a firm

i over time,TFPifiS can be decomposed as a function of the produgctigibwth of the base firm
b, TFPb‘,’tS and the productivity catch-up of the firimelative to the base firm between tiinand

t, TFPS

7, e.g. productivity performance of any firm candezomposed into a measure capturing
the productivity change of a reference firm, anel given firm’s productivity change relative to
that reference firm. IfT FPif >1, then firmi improved its productivity relative to the baserfir

8



from timel to t, whereas a value lower than 1 indicates tblative productivity of firmi has
declined relative to that of the base firm. Equaii8) therefore highlights the strong potential to
apply this index based approach to regulatoryregstivhere it is desirable to not only measure
firm performance, but also to judge that perfornearedative to a base firm, normally defined as
a “best practice” firm. Our next section therefaliscusses a methodological approach that
allows the actual application of the bilateral ogpis detail above in an empirical multilateral
setting.

3. Productivity Computations I n Practice

3.1. Chained Unit-specific Productivity Over Time

In this section we calculate chained unit-spegficductivity growth following Saal and
Parker’'s approach (2001). We thus measure theserp@nce measures for any firm between
two time periods by using a temporal Fisher indember approach. Temporal Fisher output and

input indexes between two time periotlend t, where 1 is the base period in the case of

moutputs andhinputs for a firmi are respectivelyy;, and X, , :

M M N N
Serve Sene Swrxe e

1 1
Y=l x5 12 X =[5 x5 12 (9)
>R YR W] Y WX]
m=1 m=1 n=1 n=1

where Y™ and Y," denote the quantities for theth output for periods and 1 respectively,
whereasX," and X, present the quantities for tmth inputs for periods and1 respectively.
Moreover, B™ and B" 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, =—-

X_i,t (10)



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

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

Y,S"and X" between observations 1 and t which are given by:
Yo =IXY, 15 XY, e X XYy, X =XK1 XX 53 %X X g (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

Vi
TFPI,(I:H = CH (12)
it

3.2. Spatial Productivity Computations
In the previous section, we used a chained Fishdexi to measure productivity

performance of any firm between period 1 and petiobh this section, we derive a spatial
(bilateral) Fisher index to measure productivityfpenance across companies at any given year

(spatial comparisons). Spatial Fisher output ampdiirndexes between two firmsand j in the

case ofmoutputs anchinputs are respectively;, and X2 :

M M N N
Z ijYim Z Piinm ijn xin Zvvln xin

1
Y|SJ :[nﬁl « M=l ]E xi,sj :[ n;l x =1 ]

M N
2P 2R 2WIXT D WX
m=1 m=1 n=1 n=1

N

(13)

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.

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 ancliaasitput and input indexes. For

10



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
spatial Fisher productivity index is then consteacas a ratio of the Fisher output index relative

to Fisher input index:

YS
TFP® =L (14)
1] S
X
The above formula is a binary comparison that canapplied directly when we are only
interested in making comparisons between two fiffinsis, if we arbitrarily choose one firm as a

base firm and sgt=b, then each spatial measure, is a measure ofifirefative to the chosen
base firm and we can also simplify notation sucht thFR; =TFP®, Y} =Y°, X5 = X°.

Therefore, productivity relative to the base firp®ductivity can be expressed as:
Y-S
TFP,® = ? (15)

However, this simplification comes at no loss oh@mality as another spatial productivity

measure between any given firms can simply be e asTFRS =TFR®/TFP°. Similarly,

Y5 =Y /Y and X5 = X° /X7,

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

firmb attime t as:

TFPS = Yi

s (16)
it

3.3. Relative Productivity Change Over Time
In order to simultaneously measure and decompas@rbductivity growth of any firm
in the sample across time and relative to othemndjrin practice it is necessary to reconcile the

spatial productivity measures defined above witle thnderlying unit-specific chained

11



productivity of each firm. Thus, as demonstratedHiy (2004) we cannot, in practice, derive
multilateral measures of the productive changengffam i relative to the base firm, which can

satisfy both spatial and temporal consistency.

We have therefore chosen to pursue measures t¢iveefaoductivity change over time
that guarantee spatial consistency, as this appréscmost consistent in the regulatory
application we demonstrate below. Thus regulatorscomparative or yardstick regulatory
regimes typically employ cross section techniquesnieasure differences in productivity or
efficiency across firms (relative comparative pariance) and therefore use what are, in fact,
spatial performance measures to inform their degisvith regard to appropriate regulated
prices. Thus, as our applied relative performanceasures retain spatial consistency by
construction, the relative performance indices wviglld comparative performance measures that
are consistent with regulatory practice in any giwear. However, because our relative
measures will also allow intertemporal analysisossr firms, 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 approaci02) and therefore, firm i's relative

productivity change over timeTERY) is determined as the geometric average of iternative

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

spatial productivities of all thiefirms in the sample:

R I CH S TFPlf !
TR} =[] (FPE!XTRRY) <o an
AT R

Thus, when i = j,TFRY can be simply expressed as the product of the'sfimwn chained
productivity index and its spatial productivity nse@e in year 1:TFRT =TFR{'TFPS. In

contrast, for the alternativel estimates wheri,#z j. TFR} can also be expressed as a function

2 gpatially consistency implies that each year'stie# productivity measures do not depend on therogears in
the comparison and temporal consistency implieat #ach firm’s productivity estimates do not depemdthe
number of observations in the time series.

12



of any other firmj’s relative productivity index calculated a’fpfj :TFPﬁ”TFPfl, and the

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

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

it
these potential estimates, the definition TR, in (17) employs all available spatial and

chained productivity estimates to provide an arfpualiperior geometric average estimate of
TFPif.

In order to achieve our ultimate goal of decompgsinit specific productivity growth, as
demonstrated in (8) in the bilateral context, westriunally derive unit specific indices which are
consistent with the relative indices developed 17)( We therefore calculate a consistent

TFRY
) TFPT

measure of unit-specific productivity over time, iefh can be obtained EEPLLI’S

Similarly, consistent measures of unit-specific poit and input growth are respectively

Y :Yiz’? and X\° = X_'R‘ :
’ R ’ R

i1 i1

Given our modeling decision to maintain spatial ststency at the cost of temporal
consistency, and the subsequent employment of dwenetric average of the alternative
potential relative indicators as appropriate upkdfic 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 temgh indexes constructed from the multilateral
relative indices. Nevertheless, it can be readifthematically demonstrated that the geometric
average of thé chained unit specific temporal indices and thces#vdd from the relative indices
detailed in equation (17) are equal. Thus, for eplamf we take the geometric average across
]

1

I I T

all firms | in the sample, the{ (TFPiff” )} :{H(TFR’L:S)} . This implies that while our
=1 1=1

approach to deriving the relative indicators neagsto decompose unit-specific trends in firm

performance can result in minor deviations fromtdéraporal trends implied by the unit-specific

chained indices, we can nonetheless be fully cenfithat on average, the unit specific estimates
13



are consistent with the underlying chain-based megés of temporal change in firm
performance. We therefore, focus on these averatimates and their decomposition in our
results below.

3.4. Application

The importance of the derivation of productivity asares across firms and over time
using index numbers is twofold. Firstly, as altéirea methodologies, such as DEA and SFA,
require a relatively large number of observatioosspecify an efficient frontier, our index
number based approach has the further potenti@raage of allowing meaningful comparative
performance measurement even if the number of ablailobservations is extremely limited.
Secondly and more significantly, our methodologypéaaticularly applicable to comparative
performance measurement under regulation, whersidenation of both temporal and spatial
differences in TFP is necessary for setting appaigpregulated prices. The above spatial, unit-
specific and relative productivity change measunesr time provide information regarding the
productivity gains achieved by less productive firamd the productivity growth achieved by the
benchmark firm (backward-looking). However, thegudtal (anticipated) productivity catch-up
of laggard firms and the estimate of how the togguming company improved its productivity
over time (frontier shift) can be applied in saftithe X-factors in regulated industries under
price cap regulation (forward-looking).

If we identify as the base firnb the highest productivity firm, then each spatial

productivity measure is a measure of firfa productivity relative to the productivity of theest

S

Y
firm observed in the sample at any timeTEPif ='—‘ts and consequently, the productivity

it
catch-up of a firmi to the best firm, can be simply calculated as #ti® of relative productivity

index of a firmirelative to the best practice firin from different periods of timd, and t,

TFPS = TFPi’?
Ry

14



Also, based on spatial comparisons in a given yearcan provide an estimate of the

potential (anticipated) annual productivity impr(mmts(TFRF") of a firm i if it was required to

catch-up to the best firm over a periodloyears:

1
TFR” =1 | (18)
T\ TEe

Finally, the consistent rate of productivity growdhthe best firm in the sample based on the

relative productivity change measurgs bf’f, provides us with an estimate of how the top

performing company improved its productivity ovieng (frontier shift).

This section has specified a methodology to allbe émpirical application of unit-
specific, spatial and relative productivity indicasd their decomposition into unit-specific,
spatial and relative productivity performance imdicin a multilateral setting. We firstly,
calculated chained productivity indices for eachmfiover time. Then, we derived spatial
productivity indices across firms for each yeareittby reconciling together temporal chained
and spatial indices, we were able to derive retapvoductivity comparisons across firms and
over time that guarantee spatial consistency. M@eowe have demonstrated that these
estimates are not only spatially consistent, batadso, on average, consistent with alternative
unit-specific chained indices of temporal produtyiperformance change. Consequently, we are
able to consistently decompose unit specific pradiig change as a function of the productivity
growth of a base firm and productivity catch-upatiele to that firm over time, which can be
further decomposed as a function of the produgtigita base firm and productivity catch-up
relative to that firm over time. However, the pdieh(anticipated) productivity catch-up of
laggard firms and the estimate of how the top perfiog company improved its productivity
over time (frontier shift) can be applied in saftithe X-factors in regulated industries under
price cap regulation (forward-looking). In the dission of the results we report X-factors for
the water and sewerage companies based on thalspatasures of the latest period in our
sample and the consistent measures of unit-spgeiiductivity growth over time of the highest
productivity firm. We need to emphasize that welappe methodology described above for a

total cost modeling to set X-factors for the UK araand sewerage industry. Till the 2004 price

15



review Ofwat developed cross section econometmck it cost methods to setting X-factors
separately for operating expenditure (OPEX) anditabgxpenditure (CAPEX) model. Our
approach can also be employed by regulator andlategu companies when comparative

performance and regulated prices are assesse@iseparately for OPEX and CAPEX.

4. Data
Our model includes separate outputs for water awersage services, and the three

inputs, capital, labor and other inputs. The daieeced are for the period 1991-2008 for a
balanced panel of 10 Water and Sewerage compani@S(s). Water connected properties and
sewerage connected properties are the proxiesdtarand sewerage output and are drawn from

the companies’ regulatory returns to Ofwat, which @sed to construct the output indices.

Our physical capital stock measure is based oinftagion adjusted Modern Equivalent
Asset (MEA) estimates of the replacement cost gfsjglal assets contained in the companies’
regulatory accounts. However, as periodic revatmatiof these replacement cost values could
create arbitrary changes in our measure of physiapital, we cannot directly employ these
accounting based measures. Instead, we accepe#inieending 2006 MEA valuations as our
base value, and use net investment in real termpdate this series for earlier and later years.
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 resui®ag ending and year beginning estimates to
provide a more accurate estimate of the averageigaiycapital stock available to the companies

in a given year.

We subsequently employed a user-cost of capitptogeh, 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
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assumed to be the average annual yields of meditm-JK 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, cdpipreciation was the sum of current cost

depreciation and infrastructure renewals charge.

The average number of full-time equivalent (FTE)ptoyees 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-timeiwaant 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 ainstribution 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 quantiéasares, we are able to calculate indices of

unit-specific, spatial and relative input usagedssed above

As is well documented in past studies (see Saah&d? 2000, 2001, Saal, Parker and
Weyman-Jones, 2007, Maziotis, Saal and Thanass2@li8), the English and Welsh water and
sewerage companies have been obliged to carryasuiastcapital investment projects in order
to improve water and sewerage quality and environiatestandards. Saal and Parker (2001),
Maziotis, Saal and Thanassoulis (2009) demonsttatgdquality improvements do significantly
impact temporal and spatial productivity performaestimates. Thus, we feel it is important to
measure the impact of quality in our unit-specipatial and relative productivity measures,
thereby allowing for the cross sectional and iet@goral variation in the sewage and drinking
water quality. We therefore calculated quality-atipad measures of output for water and
sewerage services, as the product of water outpdtaadrinking water quality index and

sewerage output and a sewage treatment quality,imegpectively.

% While it would be particularly desirable to disaggate other input usage data further and in péati¢o allow for
separate energy and chemical usage inputs, thedaiable at company level from Ofwat’s regulatogturn does
not allow a further meaningful decomposition ofetimput usage.
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Following Saal and Parker (2001) the drinking wateality index is calculated as the
ratio of the average percentage of each WaSC’srwafmly zones that are fully compliant with
key water quality parameters, relative to the ayeraompliance percentage for England and
Wales in 1991. Water supply zones are areas ddsmjiby the water companies by reference to
a source of supply in which not more than 50,00@pfeereside. The data were drawn from the
DWI's annual reports for drinking water quality ftite calendar years ending 1991-200he
drinking water quality can be defined either basedthe sixteen water quality parameters or
nine water quality parameters identified as bempgadrtant for aesthetic, health reasons and cost
reasons or based on based on the six water qpaligmeters identified as being indicative of
how well treatment works and distribution systemes@perated and maintained. Due to changes
in some of the drinking water quality standards #rednew regulations, the DWI report for 2005
no longer included the two quality indices that pamed companies’ compliance for the sixteen
or nine water quality parameters with the averageBngland and Wales. So we decided to
report results for the drinking water quality basedthe six water quality parametetisat Ofwat
also employs in his assessment and reflect howtregitment works and distribution systems are
operated and maintained (Ofwat, 2006).

The sewage treatment quality index is defined a®ighted index of the percentage of
connected population for which sewage receives ayntreatment and the percentage of
population for which sewage receives at least sgmgrireatment. It also implicitly includes the
percentage of connected population for which sevisget treated with a zero weight. This data
choice reflects both the availability of consistelatta capturing quality trends for the entire
1991-2008 period, and does clearly capture subatantreases in sewage treatment levels,
particularly in the earlier part of the sample pdriThe sewage treatment data were taken from
Waterfacts for the first years 1990-91 to 1995-96 and the mamnes’ regulatory returns for the

* The DWI provides quality data based on calendarsyewhile all other information employed in thiaper is
based on fiscal years ending March'3We note this inconsistency in the data, but emsizte that the reported
years overlap each other for 9 months. Thus, the ged to year end estimates of quality changereddarom the
DWI data provide consistent estimates of qualitgrae by the water companies, at a fixed point Sthsoimto each
fiscal year.
® The six water quality parameters, which form theeftional Performance Index (OPI) are iron, maagan
aluminium, turbidity, faecal coliforms and trihalethanes. The resulting drinking water quality indexggests an
increase in quality of 10.3 percent between 199124108 after aggregating the data for all WaSCs.
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fiscal years 1996-97 to 2007-08. Moreover, we hemeaard refer to data based on the ending
year of the fiscal years.

It is clearly necessary to employ a weighted indethese measures as both the quality
and costs of higher treatment levels exceed thgsecated with non treatment or primary
treatment alone. We therefore endeavoured to aartsdrcost based weighting system, although
the necessary data to accomplish this was relgtiveited. However, we were able to calculate
relative cost measures based on the ratio of se&draatment costs to volumes of sewerage
treatment, using two alternative cost estimatedlaa from company regulatory returns. One
of these alternative estimates was based on tetarage treatment functional expenditure and
direct costs for all treatment works, while theestivas based on total sewage treatment costs for
large treatment works only. These estimates suggasthigher levels of treatment are 1.68 to
2.40 times more costly than primary treatment o®yen this estimate range, we chose to
weight the percentage of population receiving sdaontreatment of sewage or more twice as
much as the percentage receiving primary treatroelyt While admittedly, somewhat ad hoc,
we emphasize there is some empirical evidence ppast these weights. We note that it is
straightforward to demonstrate that the resultirggvted quality index is nested between an
index based solely on the percentage of populagoaiving at least primary sewage treatment,
which would underestimate gains in sewage treatmesatity, and one based solely on the
percentage of population receiving at least seagndsewage treatment, which would

overestimate gains in sewage treatment quality.

Once the quality adjusted water and sewerage @ugmet constructed, quality adjusted

indices are straightforward to produce, by simm@peaating the procedures identified above to

first produce spatially consistent quality adjustedput indices Yif'Q). We can also derive a

spatial implicit quality index (Qii) which measures the implied difference in qualélative to

® To highlight this, we note that while our weightedex implies an increase in sewage treatmeniitgjuzl 19.3%
for all England and Wales between 1991 and 2008n@ex based only on population receiving at lgashary
treatment would indicate a quality improvement 8f726 while one based only on the percentage of lntipn
receiving at least secondary treatment of sewageldvindicate a 25.4% quality improvement. Howeveuy
approach not only provides a mid range estimaterdet these two more extreme measures, but alser befects
the process of improving sewage treatment qudiy occurred through both treating previously uated sewage,
and increasing the level of sewage treatment.
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the base firm a® =Y;3°/Y;}. Therefore, quality adjusted spatial outputs an& T&n also be
respectively expressed ¥§° =Q5Y,;and TFR$? =QSTFPS. In an analogous manner, we can
derive measures of relative quality adjusted ouipdices over time,\(ii*'Q and relative implicit
quality index over time@ﬁ) which measures the implied difference in quadwer time relative

to the base firm at the base period@3 =Y,7° /Y. Therefore, measures of quality adjusted
relative outputs and TFP can also be respectivekpressed as Y;° =Q}Y}
andTFP,?°? = Q TFP,% . Also, we can produce measures of unit-specifalityuadjusted output

indices over timeY;;>? and implicit quality index over timeQ°) which measures the implied

difference in unit-specific quality over time a®7° =Y,;>?/Y°. Therefore, estimates of

temporal quality adjusted outputs and TFP over toaa also be respectively expressed as

Y59 =QYY° andTFPUSQ = QUSTFP, %S

Therefore, by adjusting TFP measures for quality ase able to offer an alternative
decomposition of unit-specific productivity growtiwhich, will more properly attribute quality
improvements to productivity improvement and allcavéurther decomposition of equation (8)
into the catch-up in quality regarding productivéghieved by less productivity firms and the

quality growth in productivity of the base firm amultilateral context.

Given the derivation of the spatial implicit outpguiality index Qf‘t) which measures

the implied difference in quality relative to thade firm, we are able to construct measures of

the catch-up in qualityQﬁ, as a ratio of the spatial implicit quality indéot any firm i to the

. Q3 . .
base firm between year 1 andQ;; =—: . Moreover, given the availability of3, Q> and

il
Qﬁ the catch up in quality can be expressed in al@imanner to what was demonstrated in

equation (7):
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Q: Qi

AC — Qli = QbF\jt = Qil,ql = QiL,JtS 19
Qo8 TR Toh T (19)
Q% Q&

Rearranging (19), we can express the unit-spegqif@lity index of any firm i over time as a
function of the catch-up in quality to the basenfiand the quality improvement of the base firm,

Us _ ACAUS
Qi,t _Qi,th,t'

Given our discussion of our approach to qualityustipent, the decomposition of unit
specific productivity change detailed in (8) cawnloe extended, in the multilateral context, as

follows:

RIS = (TFRUAQLS) = (TFRS oTFR®) = (TFREQS [TFRysQl) )

Thus, as in (8), in equation (8), the quality adgd unit-specific productivity
changeTFPiffs'Qcan be decomposed as a function of the quality jussatl unit-specific
productivity growth, TFPiffSand the unit-specific quality grOV\/thiLftS. This can be further
decomposed as a function of the quality adjustdadheap in productivity,TFPif'Q and the
quality adjusted productivity growth of the benchkndirm, TFR>°. Finally, it can be
decomposed as a function of the quality unadjuséch-up in productivit;ﬂ,’FRf , the catch-up
in quality regarding productivity,Qﬁ and the quality-unadjusted productivity and qualit

performance over time of the benchmark firfFR °and Q,;. If TFR{ >1, then firm i

improved its productivity relative to the base fifram year 1 to t, whereas a value lower than 1

indicates that productivity performance of fifimhas declined relative to that of the base firm. If

th >1, then the firm improved its quality regarding productivity relaito the base firm from

year 1 to year t, whereas a value lower than lcatds that relative quality regarding

productivity of firmi has declined relative to that of the base firm.
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5. Results From Productivity Computations
The above spatial and relative productivity measwrere defined relative to the base

firm in the sample. However, if the base firm idided as the firm with the highest productivity
in the sample, then each firm’s productivity wik belative to this best practice or benchmark
firm.” In this section we first report geometric averaggasures of unit-specific productivity in
Figure 1. Subsequently, we demonstrate the furtlemomposition that is facilitated by our
methodological approach by decomposing theses elsamgo an average catch-up component
and the performance of the benchmark firm. Moreover first illustrate this for a quality
unadjusted model in Figure 1, and then illustréie impact of quality on these measures in
Figures 2 to 5. Finally, we use Tables 1 and Zhtashow the spatial, unit-specific and relative
productive measures can be used to set X-factarsthi® regulated Water and Sewerage

Companies.

The decomposition of average unit-specific proddtgtigrowth into quality unadjusted
productivity change of the benchmark firm and gyalnadjusted average productivity catch-up
relative to the benchmark firm is depicted in Fegdr Till 1995 it is concluded that there was
actually negative productivity catch-up as the pidvity improvements for the average
company amounted to 3.9%, while the benchmark compaproved its productivity by 5.7%.
This finding suggests that the lax price caps sqirigatization did not encourage average or
benchmark firms to achieve high productivity levetwever, this trend was interrupted after
1995 when both average and benchmark productivésfopmance significantly improved.
During the years 1996-2000 when price caps wers fightened, average companies had
stronger incentives to catch-up to benchmark, wihiéiebenchmark company was incentivized to
continue to improve its productivity. By 2000, aage cumulative productivity increased by
12% and this growth exceeded that of the benchnfiank, which achieved cumulative

" We have not identified firms for confidentiallyagons. The same firm is consistently found to Hheehighest
spatial productivity estimates for both quality djwsted and quality adjusted models in all yeansl is therefore
modelled as the benchmark most productive firmaoheyear of our study Moreover, we note that himes firm
was found to have the highest spatial productiesyimates in each year of the study regardlesshaftiver we
applied the spatially consistent Fisher indicesvigled in the main text, similar spatially consistarornqgvist
indices, or the multilateral translog index for WGsSbased on the Torngvist index developed by Catesl
(1982a). Furthermore, there is little substantivifertbnce between the results regardless of whigthod is
employed.
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improvement of 9.8%, thereby indicating total catghin productivity of 2% between 1991 and
2000.

Moreover, significant productivity gains for theemage firm relative to the benchmark
firm also continued after 2000. Thus, our resultggest that the implementation of even tighter
price caps in 1999 further encouraged less produdirms to improve their performance
relative to the benchmark, even though the bendknimm continued to improve its
performance. Thus, by 2004, the cumulative measfrpsoductivity change since 1991 indicate
that average company improved its productivity 8:8% catching up to the benchmark
productivity by 2.3%, while the benchmark firm imped its productivity by 14.2%. During the
last price review period, average productivity ghowagain substantially exceeded the
productivity growth of the benchmark firm, resugimn high levels of productivity catch-up
between 2005 and 2008, although this is largelyagx@d by substantial declines in benchmark
productivity after 2006. Overall, during the entid®91-2008 regulatory period, average
productivity improved by 22.9%, while benchmark gwotivity improved its productivity by
17% allowing an average productivity catch-up of.5¥hus, 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.

1991/1992|1993|1994/1995|1996/1997|1998|1999|2000/2001|2002|2003|2004|2005 |2006|2007|2008

—e— Unit-Specific {1.00G1.0061.021{1.0291.0391.0721.1001.1261.1401.12(1.1501.1481.1571.1681.2091.2201.2151.22¢
—=— Catch-Up 1.0000.9950.9970.9900.9821.0001.0521.0261.0251.02(1.0341.0271.0291.0231.0421.0101.0211.05C
Best 1.0001.0101.0241.0391.0571.0731.0461.0971.1121.09§1.1121.1181.1251.1421.1601.2081.1901.17C

Figure 1 Decomposition of Average Unit-Specific Quality Unadjusted TFP Change into Benchmark TFP
Change and Average Catch-Up to the Benchmark Firm
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As discussed in section 4, the inclusion of quatitgur productivity measures, allows us
to decompose unit-specific productivity as a fumetiof quality adjusted catch-up in TFP
achieved by less productive firms relative to tlemdhmark firm and the quality adjusted TFP
growth obtained by the benchmark firm. This decosipan illustrated at equation (8’) and is
visualised at Figures 2, 3 and 4.

We begin with Figure 2 which depicts the decompasiof quality adjusted average TFP
change into quality unadjusted average TFP chandeyaality change. High capital investment
programs to improve quality conditions since piization had a positive impact on quality
adjusted output growth and consequently, qualityisadd TFP increased more than quality
unadjusted TFP. Over the whole regulatory periograye quality adjusted TFP improved by
51.7%, whereas average quality unadjusted TFP weprby only 22.9% implying that average
estimated quality change amounted to 23.4%. Muchhef measured quality improvement
occurred during the years 1991-2002 and qualityveldaits highest level of improvement in the
years 1999 and 2002. Thus, by 2002, average quadfisoved by 22% resulting in an increase
in average quality adjusted TFP of 40.1% and exageverage quality unadjusted TFP which
improved by only 14.8%. After 2003, on average ¢hsere small improvements in quality and
thus, small changes in the quality adjusted TFRvtiroate, whereas in the last two years of our
study average quality followed a slightly declinenid. Nevertheless productivity still continued
to improve in this later period, suggesting thaimé were able to achieve productivity
improvements by reducing input usage.
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1991{1992 1993|1994 |1995|1996|1997 | 1998|1999 |2000| 2001|2002 | 2003|2004 | 2005 | 2006 | 2007 | 2008
—e— Quality Adjusted TFP  {1.0001.011/1.0461.067/1.0861.1191.156/1.197)1.236/1.2541.3701.401/1.4241.4421.493 1.5161.501/1.517
—s— Quality Unadjusted TFP |1.0001.006/1.021/1.029/1.0391.0721.100/1.126/1.140/1.1201.150 1.148)1.157/1.16§ 1.209/1.220 1.215/1.229

Quality 1.0001.006/1.0251.037/1.0451.0441.051/1.0631.084/1.120/1.191/1.2201.23111.2341.235/1.2431.236/1.234

Figure 2 Decomposition of Average Unit Specific Quality Adjusted TFP Changeinto Average Unit-Specific
TFP and Quality Change

The decomposition of quality adjusted average sppgeific productivity growth into the
quality adjusted productivity growth of the benchikndirm and average quality adjusted
productivity catch-up is depicted in Figure 3. Tigare clearly illustrates that until 1994 there
were small or no catch up gains in quality-adjugisatiuctivity by the average company since
its productivity improved by 6.7%, while the bendmk company improved its productivity by
7.1%. In contrast, due to sharp increases in meaguality between 1996 and 2002, average
quality adjusted TFP increased more rapidly thancbmark quality adjusted TFP, thereby
allowing the average company to catch-up considigrabth catch up amounting to 19.5% of
cumulative productivity growth for the average filoy 2002. Even after 2002 the average
company achieved still significant levels of catghin quality adjusted productivity until 2005,
which must be attributed to input usage reductidraus, relative to 1991 levels, by 2005,
average quality adjusted productivity had incredsgd9.3% and exceeded that of benchmark
firm, which had improved by 21.2%, therefore indilcg productivity catch-up of 23.2%.
Nevertheless, after 2005, when the relatively 1002004 price review came into effect, high
levels of productivity catch-up are no longer iradige of general productivity improvements, as
average quality adjusted productivity levels wergély static after 2005. Instead, they reflect a

substantial decline in the benchmark firm’s produtst after 2006. Thus, our results may be
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interpreted as suggesting that after the 2004 peciew, substantial productivity improvements

were no longer occurring.
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1991|1992 1199311994 1995|1996 |1997|1998 {1999 /20002001 |2002|2003 [2004 | 2005 |2006|2007 |2008
—e— Unit-Specific |1.0001.011/1.0461.067/1.0861.119/1.1561.197/1.2361.2541.3701.40111.424/1.4421.4931.5161.501/1.517
—=—Catch-Up  |1.0001.0061.0000.996/1.0071.013)1.0631.041/1.061,1.0881.1791.1951.2081.2021.232/1.1991.199/1.233
Best 1.0001.005/1.0461.071/1.0791.104(1.0881.150/1.1641.1531.162(1.1721.179/1.1991.21111.2651.252/1.230

Figure 3 Decomposition of Average Unit-Specific Quality Adjusted TFP Changeinto Benchmark TFP
Change and Average Catch-Up to the Benchmark Firm

Finally, Figure 4 shows the decomposition of averagit-specific quality change into
average quality catch-up relative to the benchrfiarkand the quality change of the benchmark
firm, as illustrated at equation (8’). Until 199%here were small or no gains in average quality
relative to benchmark quality but after 1998 andstmaf the period of study average quality
growth significantly exceeded benchmark qualitgvgh, with particularly high levels of quality
catch-up during between 1998 and 2002. By 2005cageequality improved by 23.5% while
benchmark quality increased by 4.1% allowing averqgality to catch-up to the benchmark by
18.6%. After 2005, average quality continue to @ase at a lower rate, however, it showed a
significant decline in 2007 and in 2008 which aféetthe quality adjusted TFP growth rates as
we discussed in Figure 2, whereas benchmark gualitywed a stable slow upward trend. We
need to emphasize that the small quality growtlthef benchmark firm did not imply that the
benchmark did not achieve significant quality leveih contrast, our results suggest that at

privatization the quality standards of the benchniim had already been at a high level and by
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2005 on average the less productive firms had fagnily improved their quality relative to the

benchmark and had finally reached the higher leaktpiality of the benchmark firm.
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199119921993 [ 1994 [ 1995 1996] 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004] 2005 | 2006] 2007 | 2008
—e— Unit-Specific |1.000/1.006|1.025|1.037|1.045|1.044|1.051]1.063|1.084]1.120[1.191|1.220]1.231[1.234]1.235[1.243|1.2361.234
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Best 1.000]0.995|1.021/1.031/1.033|1.040|1.039|1.043|1.042|1.047|1.042|1.045| 1.046|1.048| 1.042|1.044| 1.049| 1.048

Figure 4 Decomposition of Average Unit-Specific Quality Change into Average Quality Change Catch-Up
and Benchmark Quality Change

Since we can compute the level of catch-up achidweeach company to the most
productive firm and the productivity growth of theest firm based on our spatial and unit-
specific productive measures over time (frontigftshwe can propose X-factors for the water
and sewerage companies over a five year period. iShilustrated by the following example at
Table 1, which depicts the quality-unadjusted sppairoductivity results for WaSCs in 2008.
Let’s assume that we want to set an X-factor fogllm using the results of its productivity
relative to the most productive company in 2008jclvhis assumed to be the most productive
firm in the sample. The potential (anticipated)darctivity improvement of Anglian to catch-up
to Severn Trent over time is 1/0.889=1.125 or 12.2%suming that Anglian should achieve
50% catch-up for total costs over a b5-year periathen it should catch-up
[1+ (1125-1)/2] = 10620r 6.2% over a 5-year period. That means that Angthould catch-up

1 1

to the best firm (L0625 = 1012 or 1.2% per year. If we assume (@170 = 1009= 0.9%
continuing improvement factor based on the relagx@ductivity change of Severn Trent over
time, then the required productivity growth or theé-factor for Anglian can be
X =1012x 1009= 1021 or 2.16% per year. In analogous manner, an X-fdotothe average

company could potentially be 2.64%.
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Spatial TFP Potential

quality productivity Catch-up Continuing Required
unadjusted growth through 50% catch-up Improvement  Productivity
Companies (2008) catch-up for total costs (%) per year Factor Growth X-factor
Anglian 0.889 1.125 1.062 1.012 1.009 1.022 2.16%
Northumbrian 0.91 1.099 1.049 1.01 1.009 1.019 %.91
United Utilities 0.707 1.414 1.207 1.038 1.009 804 4.80%
Southern 0.84 1.191 1.095 1.018 1.009 1.028 2.78%
Severn Trent 1 1 1 1 1.009 1.009 0.93%
South West 0.728 1.374 1.187 1.035 1.009 1.045 %4.45
Thames 0.893 1.12 1.06 1.012 1.009 1.021 2.12%
Welsh 0.741 1.35 1.175 1.033 1.009 1.042 4.23%
Wesse» 0.76¢ 1.2 1.1¢ 1.02¢ 1.00¢ 1.03¢ 3.79%
Yorkshire 0.8¢ 1.12¢ 1.06: 1.01¢ 1.00¢ 1.021 2.15%
Average 0.832 1.202 1.103 1.02 1.009 1.029 2.64%

Table 1 - Setting X-factors Quality Unadjusted

In an analogous manner, after controlling for dyalve can propose X-factors for
WaSCs based on the quality adjusted spatial prodhyctmeasures and the unit-specific
productivity growth of the best company. Thus, theality adjusted potential (anticipated)
productivity improvement of Anglian to catch-up$evern Trent over time is 1/0.890=1.124 or
12.4%. Assuming that Anglian should achieve 50%tcafp for total costs over a 5-year period,
then it should catch-ufl+ (1124-1)/2] = 10620r 6.2% over a 5-year period. That means that

1

Anglian should catch-up to the best firfl062)5 = 1012 or 1.2% per year. If we assume a

1

(1.1230% = 1012= 1.2% continuing improvement factor based on the qualijusted relative
productivity change of Severn Trent over time, tiies required productivity growth or the X-
factor for Anglian after taking into account quglitin our analysis can be

X =1012x 1012= 1024 or 2.43% per year. Finally, we can conclude thaai@ity-adjusted X-
factor for the average company could potentiallyB#6%.
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Potential

Spatial TFP  productivity 50% catch

quality growth Continuing  Required
adjusted through -up for total Catch-up Improvement Productivity
Companies (2008) catch-up costs (%) per year Factor Growth X-factor
Anglian 0.890 1.124 1.062 1.012 1.012 1.024 2.43%
Northumbriar 0.881 1.13¢ 1.067 1.01¢ 1.01Z 1.02¢ 2.53%
United Utilities 0.69: 1.44; 1.221 1.041 1.01: 1.05: 5.33%
Souther| 0.77i 1.281 1.14¢ 1.027 1.01Z 1.04( 3.96%
Severn Trent 1.000 1.000 1.000 1.000 1.012 1.012 219%.
South West 0.683 1.464 1.232 1.043 1.012 1.055 96.52
Thames 0.878 1.139 1.069 1.014 1.012 1.026 2.58%
Welst 0.731 1.36¢ 1.18¢ 1.03¢ 1.01Z 1.047 4.69%
Wessex 0.745 1.342 1.171 1.032 1.012 1.045 4.46%
Yorkshire 0.85¢ 1.171 1.08¢ 1.01% 1.01: 1.02¢ 2.88%
Average 0.80: 1.23¢ 1.12] 1.027 1.01Z 1.03¢ 3.26%

6. Conclusions
The purpose of this paper was to propose a methggadbd propose X-factors for the UK

water and sewerage companies when the number efv@b®ns is limited. In order to achieve
this we first decompose unit specific productivgrpwth as a function of the productivity growth
achieved by benchmark firms and the productiviticltaip by less productive firms. Based on
this decomposition X-factors for the UK water amaverage industry are proposed. We firstly
specified a methodology to allow the empirical agailon of unit-specific, spatial and relative
productivity indices and their decomposition intattspecific, spatial and relative productivity
performance indices in a multilateral setting, bgtly calculating chained productivity indices
for each firm over time. Then, we derived spati@ductivity indices across firms for each year
and by reconciling together temporal chained aradigipindices, we were able to derive relative
productivity comparisons across firms and over tithat guarantee spatial consistency. By
including also quality in our productivity measurethe quality adjusted unit specific
productivity growth was further decomposed into @dulitional factors, the quality catch-up by
less productive firms and the quality growth acke\wy the benchmark firm. Finally, the
potential (anticipated) productivity catch-up ofidmrd firms and the consistent measure of how
the top performing company improved its producgivalver time (frontier shift) were further

applied for setting X-factors in water and seweregmpanies (forward-looking).
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The results indicated that by 2002 quality improeets have contributed to the
productivity performance of the WaSCs. The quadjusted TFP results indicated that although
average productivity slightly exceeded benchmardpctivity until 1995, the rate of quality
adjusted productivity growth for the average anddbenark firms was significantly higher than
the quality unadjusted TFP indicating that qualityprovements did lead to higher productivity
growths. During the years 1997-2002, average quatljusted TFP increased more rapidly than
benchmark quality adjusted TFP, therefore allovamgrage company to catch-up to benchmark
quality adjusted productivity. Even after 2002 tineerage company achieved still significant
levels of catch-up in quality adjusted productiviigtil 2005, which must be attributed to input
usage reductions. Nevertheless, after 2005 whemelhévely looser 2004 price review came
into effect, high levels of productivity catch-wre no longer indicative of general productivity
improvements, as average quality adjusted productigvels were largely static after 2005.
Instead, they reflected a substantial decline & lhenchmark firm’s productivity after 2006.
Thus, our results may be interpreted as suggestiaigafter the 2004 price review substantial

productivity improvements were no longer occurring.

Furthermore, focusing on the results for the aver@gd benchmark quality growth, it is
concluded that until 1997 there were small gainaverage quality relative to benchmark quality
but after 1998 average quality substantially exeddaenchmark quality showing high levels of
catch-up during the years 2000-2005. By 2005 tke fgoductive firms on average improved
significantly their quality relative to the benchrkavhich already had high levels of quality
since privatization. Moreover, based on the qualitadjusted and quality adjusted spatial and
relative productivity change measures we were tibjgopose the X-factors for WaSCs over a
five year period. The quality unadjusted resultplies that on average the water and sewerage
companies need to improve their productivity tovgaitte benchmark firm (reduce their costs in
real terms) by 2.64% over a period of five yeanse Thost productive firm needs to continue
improving its productivity by 0.93% over time (teobal change), whereas the worst productive
firm needs to catch-up by 4.80% to the frontiemfiover a period of five years. Finally, the
guality adjusted results indicate that on averdge water and sewerage companies need to
improve their productivity towards the benchmarnknfiby 3.26% over a five year period. The

most productive firm needs to continue improvepitsductivity by 1.21% over time (technical
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change), whereas the worst productive firm needsatoh-up by 5.52% to the benchmark firm

over a five year period.

The importance of our methodology is twofold. Hyrstas alternative methodologies,
such as DEA and SFA, require a relatively large Inemnof observations to specify an efficient
frontier, our index number based approach has tinthdr potential advantage of allowing
meaningful comparative performance measurement ié¥ba number of available observations
is extremely limited. Secondly and more signifiegndbur methodology is particularly applicable
to comparative performance measurement under tegulawhere consideration of both
temporal and spatial differences in TFP is necgdsarsetting appropriate regulated prices. The
spatial, unit-specific and relative productivityarige measures over time provide information
regarding the productivity gains achieved by lessdpctive firms and the productivity growth
achieved by the benchmark firm (backward-lookingflore importantly, the potential
(anticipated) productivity catch-up of laggard farand the estimate of how the top performing
company improved its productivity over time (teatalichange) can be applied in setting the X-
factors in regulated industries under price capleggpn (forward-looking). For the purposes of
this study, we derived productivity measures acroiges and over time based on a total
economic cost model, however, our panel index nuglogy can be applied separately for only
operating expenditure (OPEX) and only capital exigtene (CAPEX) models (e.g. Ofwat till the
2004 price review developed several models on sisgpOPEX and CAPEX comparative

efficiency analysis in the water and sewerage itrgus England and Wales).

Taken as a whole, we strongly believe that our @ggr should be of great interest to
researchers who are interested in developing catipar performance measurement under
regulation when sample sizes are extremely limiteloere consideration of both temporal and
spatial differences in TFP is important for sett@gpropriate regulated prices. We therefore
underline that our panel index methodology couldhier be applied by regulators to determine
appropriate X-factors for regulated firms, as itt ranly provides evidence for potential
productivity catch-up, but also provides evidenmeffirther potential productivity improvements

by benchmark firms (forward-looking).
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