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Abstract

On both sides of the Atlantic the regulation of gramsmission networks has
undergone major changes since the early 1990’sr&8ken the US the long-
standing regime of cost-plus regulation was complged by increasing pipe-
to-pipe competition, most European countries movedards incentive
regulation complemented by market integration. Wied\s the productivity
development of a panel of US interstate compansgsguData Envelopment
Analysis and Malmquist productivity indices. Resulare presented for
changes in productivity, as well as for severalvesgence tests. The results
indicate that taking productivity and convergenseparformance indicators,
regulation has been rather successful, in particdlaing a period where
overall demand was flat. However, we argue thateacbmarking-based
regulation might have brought about stronger cogetece. Lessons for
European regulators are twofold. First, the US ymial shows that
benchmarking of European transmission operatorddvoe possible if data
were available. Second, our results suggest timatheé long-run, market
integration and competition are alternatives todineent European model.

Keywords: Natural gas transmission; utility regidat total factor
productivity
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1 Introduction

Gas transmission networks are regulated ratheerdiftly in Europe and in the US.
Both, traditional US cost-of-service or rate-oftmet regulation and European incentive
regulation are based on the notion of natural molyopHowever, while the US
regulation is shifting its focus from cost to valbg complementing cost-of-service
regulation with institutions fostering competiticend market integration (O'Neill,
2005), the European regulators treat gas transmnisss incentive-regulated franchise

monopolies (Makholm, 2007).

However, unlike electricity or gas distribution, sgransmission networks are not
necessarily natural monopolies. The notion of redtanonopoly relates to efficient

service provision for a given market and not toehenomies of scale at the level of a
single pipeline. Kahn (1971) argues that althouggrd exist economies of scale in
relation to pipe diameter, markets for gas canyelsi served by several pipelines, be it
from different supply areas or not. O'Neill (200bakes a similar point when stressing
that natural gas pipelines are oligopolies rati@ntmonopolies; and non-traditional
approaches to regulation might provide superiaultes

Whereas O'Neill (2005) makes the case againsttitvadl cost-of-service regulation in
the US, a similar case could be made against tliepean model of benchmarking-
based incentive regulation for franchise monopdliés benchmarking approach, as
explored in Jamasb et al. (20§73an be a viable short to mid-term solution foe th
regulation of gas transmission in Europe. Howewiie characteristics of gas
transmission and the, as we argue below, rathetiyperformance of the US industry
under the new regulatory framework suggest thahe long-run a focus on market

integration and competition might provide additibbenefits.

! Clearly, there is not a single European approactegulation but most regulators seem to follow the
example of incentive regulation (RPI-X) as set gy British and Dutch regulators.

% This report prepared by the authors for the Cdwifdturopean Energy Regulators (CEER) benchmarks
several European gas transmission operators agaisasiple of US interstate transmission companies.
Unfortunately, we were not able to include any d@ta European operators in this work. The often

stunning differences in transparency between theattSEurope are discussed by Makholm (2007). The
US approach on transparency is discussed for icstay Olsen (2005).



Makholm (2007) details the institutional framewdilat the Federal Energy Regulatory
Commission (FERC), the US regulator for intersted@smission pipelines, put in place
to complement its traditional rate-of-return regiola with competition between
pipelines. Makholm argues that competition and m@aritegration greatly improved
the resilience of markets and therefore securitgugply in the US and that Europe

could achieve the same by similar means.

In this paper we look the productivity of US indysperformance to assess the overall
impact of various regulatory changes that took @laath before and during our sample
period. We measure efficiency, efficiency changechhical change, total factor
productivity change, and convergence for a sampleegulated US interstate gas
transmission pipelines using Data Envelopment AsiglyMalmquist indices, and
several convergence tests. In doing so, we taker@pEan regulatory perspective in the
sense that we analyze US data with benchmarkirnigees widely applied in Europe.

The productivity of US gas transmission pipelines bbeen explored in the literature
using firm-level data for earlier periods. Aivazigi®87) measures productivity growth
of the US gas transmission industry as well ascisstituent parts (for labour
productivity) including scale efficiency. The maiimding is that the contribution of
technical change is at least as large as the batioh of scale economies. There is also
a literature on the effect of regulatory change W transmission companies e.g.
Sickles and Streitwieser (1991), Sickles and Swe#ter (1998), and Granderson
(2000). Together these papers show that technifieleacy fell after well-head price
deregulation in 1978 due to increasing prices ailing consumption (Sickles and
Streitwieser, 1991) and that the regulatory chamggiiring third-party access in the
mid 1980's led to small reductions in average castl diverging performance
(Granderson, 2000).

Thus, we ask the following two sets of question#stF has average industry

productivity increased and has firm-level technieficiency converged?We know

® We would like to stress that our analysis apiegas transmission only. Both in the US and inoper
different energy networks are regulated in difféeneays and with varying levels of success.



from the literature that when the old organizatidrthe gas industry unravelled during
the 1980s productivity of interstate transmissigpefines fell. Given that our sample
(1996-2004) starts several years after the latash gor more competition in 1992
(FERC Order 636), we would expect to find increasffttiency and convergence in
contrast to earlier periods. Also, even though veenat able to include a control group,
we presume that original cost-of-service regulagoovides only weak incentives for
performance improvements. Our results, therefoes give an indication of how

successful overall regulatory change has beenntime@musly improving performance.

Second, what lessons can European regulators Ilkam the relative success
(according to our judgment) of the changing US fatguy regime for gas transmission?
In particular, we hope that our results can helpogean regulators to define a long-
term strategy for the regulation of gas transmissio Europe and contribute to the
dialogue between regulators across the Atldhtic.

This paper is organized as follows: section 2 githes background and in particular
describes the development of the US market andlatgu;, section 3 describes our
models and discusses variable selection; sectisdribes the data; section 5 presents

the results; section 6 discusses the results antibse concludes.

2 Background

The challenge for any regulator is to increasecigificy and reduce price, as stated by
the European Commission’s second Gas Directive d&feration Directive™.
Although the process of European gas market litzatadn and integration commenced
in the mid 1990’s, the Commission acknowledgestsnAicceleration Directive and a

“ Since 2000 a yearly US-European Roundtable oflagans takes place, where experiences are shared.
See for instance: http://www.ceer-
eu.org/portal/page/portal/l CEER_HOME/CEER_PUBLICANSCEER_DOCUMENTS/2007/EU-
US%20Roundtable_closing_statement_final.pdf.

® European Commission (2003).



recent Energy Sector Inqufryhat many obstacles remain. Also, in its Energgt@e
Inquiry the Commission recognizes that the US gagkat is more developed than the
European markets, although it does not discusditfezences in regulation. It might be
comforting however that the transition in the USnir a vertically integrated,
geographically fragmented, and heavily regulatetlstry to an increasingly integrated

and lightly regulated industry has been a long ¢dleial and error (Makholm, 2007).

Beginning with the deregulation of well-head priced978, the US natural gas market
and its regulation changed dramatically. Thoughettege many parallels with current
efforts in Europe to unbundle, allow third-partycess, and integrate regional markets
one difference is of particular importance here.e¥élas most European regulators wish
to move towards incentive regulation for the (untied) pipeline part of the value-
chain, the US regulator aims at promoting compmetitthrough a combination of
unbundling, flexible short-term rate setting, sggoproperty rights for holders of
contractual capacity, and controlling the abusemairket power. Additionally, and
unlike in Europe, the US market is to a large eixbaith economically and physically

integrated.

According to Kalt and Schuller (1987), already 98I about one-third of city gate
markets received services from multiple pipelihedoane et al. (2004) argue that
regulatory change led to an integrated US marketglss, a competitive wholesale
market, and competition among, often “virtual”, glipes® Transportation services
have been fully unbundled since 1992 (FERC Ordé&) @8ough utility services are
often integrated (vertically and horizontally) witkher utility and non-utility services in

the same firnt. Unlike Europe, the US has a common market for wils a single

® European Commission (2007).

" As cited by Ellig (1993).

® The observation that there is pipe-to-pipe contipetiobviously runs counter to the natural monopoly
argument. Here we do not argue the case for onagaatural monopoly as done for instance by Ellig
(1993), Aivazian (1987) or Hirschhausen et al. (08ut simply take the observation from the litarat
that there is nascent competition.

® Johnson et al. (1999) show that in 1997 most staée pipelines belong to about 14 parent companies
Of these 14 companies, 8 also own local distrilmutiompanies and 12 own energy marketing services.



federal regulator for all interstate commet®@&ariff setting is, though still dominated
by “original cost-of-service regulation” (O'Neill teal., 1996) increasingly
complemented by non-traditional tariff models (AINe&005). These fall into two
categories: flexible short-term rates that allow #fficient allocation of capacity and
incentive rates (e.g. indexed rates). Typicallyedi capacity is purchased long-term at
regulated or negotiated rates (Granderson, 2000)séd firm capacity is released in
the short-term in a secondary market, where praes allowed to rise above the
regulated rates and pipelines compete with releasmghcity in these markets.
Hirschhausen (2006, p. 12) summarizes US regulasdollows:

"Contrary to Europe, where pipeline companies havéigh degree of
market power, the pipeline business in the US mspaiitive in many of the
regions. Most destination markets are served byers¢évcompeting
pipelines. Thus, pipelines compete for shipperd, rates are negotiated in
a competitive environment. On the other hand, theneains a formal cost-

of-service regulation of interstate pipelines.”

Thus, whereas European regulators aim at incengigelation for monopolies, FERC
aims at complementing traditional rate-of-returgulation with competition through
encouraging (or mandating) the development of manséitutions. Although the means
differ, regulators on both sides of the Atlantiovédhe same objective — i.e. increasing
efficiency'! and passing on any resulting gains to consufidrsthe spirit of Shleifer
(1985) both approaches should provide similar itices for (static) efficiency
increased® As Figure 1 shows, regulatory change was accoredaby a large

expansion in consumption which might be a partmligation of the success of the

1% The picture is different for intrastate pipelinelere regulation differs across states and geyeeajs
behind federal regulation in terms of unbundlingr & broad overview of US gas regulation see the we
page of the Natural Gas Supply Association (httpuitr.naturalgas.org/regulation/market.asp).

1 Alger and Toman (1990) report on auction experim@ommissioned by FERC that investigated the
effect of increasing competition and different wagsimplement it. An important result was that the
introduction of small amounts of competition (iaglding alternative routes or more competitors @n th
same route) can lead to the much improved perfocmaha stylized network.

12 Even without competitive pressures the regulatagymight be sufficient to introduce incentives for
cost reduction as argued by Sickles and Streitwigd$98) and Schmidt (2000).

3 However, a competitive and integrated market migtatvide additional advantages that incentive-
regulated (and geographically non-integrated) ntaréle not supply. One example is resilience to k$ioc
as argued by Makholm (2007).



overall regulatory change. However, our sampleggeis characterized by fluctuating
and slightly downward trending consumption as \@slincreasing prices.

Besides differences in regulation between the Ubtha EU there are also differences
in industry structure. Table 1 provides an “ad hootnparison of the two industriés.

We observe that the total number of companies tiserasimilar; measured by the
physical characteristics US companies are larged #he US network has more
interconnection points. As to the last observatibishould be noted that Europe does

not fare worse on the relation of interconnectiomfs to the total length of pipelines.

US Gas Consumption and Prices
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Figure 1. US Gas Consumption and Prices

14 We assume 1bcf/d = 28.33 mcm/d. Because of tlierdift sources the various figures for Europe are
not necessarily for the same sample of pipelines.



Table 1: US-Europe Comparison of Industry Structure

us

Europe (EU-25)

85 inter-state

(Energy Information Agency, 2002)

Number of 40 national, 38 regional
companies (Energy Information Agency, 2002) (European Commission. 2005)
(our sample contains 39)
212.000 18.542
Length of Mean: 2494 Mean: 515
pipeline (Miles) | o pey.: 3775 St. Dev.: 608

(Makholm, 2007)

Capacity 133 bcf/d 57.3 bef/d (European Commission, 2007)
H 16
30815 79 (GTE website)
Interconnection . .
Hubs: 14 Hubs: 13 (however, almost all trading on

points only 6)

(Energy Information Agency, 2003)

(European Commission, 2007)

Another important point is the difference in sizenaeasured by the length of pipelines.
Though the US mean is several times larger therEtl®pean mean, the European
mean is twice the minimum of our sample as showhable 5 below. Finally, a major
difference between the US and Europe is the tayiftem, which is likely to affect
incentives independently of the actual regulatiowd anarket structure. Hunt (2008)
argues that the entry-exit tariff system in manydpgan countries is a major stumbling
block towards market integratidh. Obviously, any results from an international
benchmarking will also be driven by these diffea regulation, industry structure
and tariff setting.

!> Counted as the number of pipeline interconnectirsibs and market centres.
'8 GIE system map alittp://gie.waxinteractive3.com/download/gridmap/GT#_150.pdf
7 We would like to thank Jeff Makholm for pointinigi$ out.




3 Model and variable selection

3.1 Mod€

We know from the vast literature on productivitydagfficiency measurement that our
results are likely to be sensitive to the choicenoddel and variables. We model
efficiency for a given unit (here a pipeline compgim a given year as the distance to
an input-oriented, constant or variable returnsdale (CRS or VRS), convex, free-
disposable, non-parametric frontier. We use Dateelpment Analysis (DEA) for the
static efficiency scores (CRS and VRS) and a MalstdRroductivity Index (CRS§ for
productivity change (TFPC) and its decompositioto itechnical efficiency change
(TEC) and technical change (TC) as well as a furthecomposition of technical
efficiency change into pure technical efficiencyanbe (PTEC) and scale efficiency
change (SEC)? Here a SEC index greater than one indicates a rmwards a more
efficient scale. Thus scale efficiency change edlab the existing technology. The
technical details for the DEA and Malmquist indicas be found in Appendix A. Our
single input variable is total cost or revenue. fiitvariables are total length of pipe
and total horsepower rating and, for some moddds, @tal delivery volume. Table 2

summarizes our models.

18 Note that our Malmquist index is cumulative — ix@ use the first year in our sample, 1996, abése
year for all indices. For instance, the index f602 is based on the observations for 1996 and 2801.
alternative would be to use an incremental indeth whanging base years where the two periods are
adjacent. We opted for the cumulative index becagisen our relatively short time series, it prasda
smoother path. To confirm that our base year, 18960t affected by any event specific to that yes
also calculated cumulative indices based on 19%7 Liy dropping 1996). We found no systematic
differences between the results and kept 1996 abase year.

' The nonparametric results are obtained usingdfte/are package FEAR. See Wilson (2007).



Table2: Modelsand Variables

Model 1 Model 2 Model 3 Model 4
Technology input-orientation, constant or variable returns to scale, non-parametric frontier
Input Totex Revenue Totex Revenue
Delivery Delivery
Compressor Compressor Compressor Compressor
Outputs . . . .
capacity capacity capacity capacity

Network length

Network length

Network length

Network length

We use econometric analysis to test our three dateloutputs or cost drivers. The use
of econometrics to determine the relevance of béeg prior to employing non-
parametric techniques is common practice (seeni&iance Carrington et al., 2002). As
we find autocorrelation and heteroskedasticity @tendard assumptions on the error
structure are violated) in our panel we use thesibéa Generalized Least Squares
(FGLS) estimator. Following the critique by BeckdaKatz (1995) we also check our
FGLS results against the estimation with panelemead standard errors (PCSE). These
two estimators follow different strategies to owemne the violations of the standard
assumptions. Whereas the FGLS approach esserttiabyto model the error structure
the PCSE approach simply discounts the resultsdch possible violations. As the
results are very similar we only report the FGLSuits below. Also, we do not include
fixed-effects in our econometric model. Althoughfudl set of firm fixed-effects is
significant it renders all coefficients insignifidaat a 5% level (for the PCSE estimation
the qualitative results are the same at a 10%f&ignce level). We use likelihood ratio
tests to compare different models and test thafgignce of delivery volume as a cost-
driver?® Admittedly, we do not test alternative cost-driveut rather verify the

econometric significance of the variables at hand.

Once we have constructed the technical efficiermoyes and the productivity indices,

20 All regressions are performed in Stata. To testaiastocorrelation and heteroskedasticity we use the
xtserial andxttest3commands respectively. For the FGLS estimatiorusee thextgls command and for
the likelihood ratio test thietest command.



we analyze convergence among firms. Following Féral. (1994) and Alam and
Sickles (2000), we use two established convergeaneepts from the macroeconomic
growth literature often referred to Asonvergence and-convergence-convergence
is the notion that companies that start from a lobase grow faster (they catch up with
best practice), wher@ refers to the slope coefficiens-convergence assumes that
changes in the moments of the distribution oveetindicate convergence andtands
for the variance. We perform several convergenses.teirst, following Fare et al.
(1994) our measure of (pure) technical efficiendcyargge is used to measufe
convergence. We also graphically relate the lef/edahnical efficiency in the base year
(i.e. the DEA scores) to our Malmquist-based measidirtechnical efficiency change.
Second, following Alam and Sickles (2000) we regri®e average year to year growth
in the technical efficiency scores on the logaritbfithe technical efficiency scores in
the base year. Fof-convergence tests a negative relationship wouldicate
convergence. Last, we analyzeonvergence following Fare et al. (2006) and poadu
box plots for the static technical efficiency s&ra& narrowing of the distribution is an

indication of convergence.

Next we address our assumptions for the technologgome detail. First, a non-
parametric frontier was chosen because in a (fatetarn) regulated environment it is
not necessarily given that firms are cost-miningzim particular, the regression-based
Stochastic Frontier Analysis (SFA) requires theuaggtion that efficient firms (i.e. the
firms on the frontier) are cost-minimizing as thlestcfunction is derived from the profit
maximization problem (Button and Weyman-Jones, 199%rguably, increased
competition between pipelines and the efficien@eirtives inherent in the lag between
rate cases would allow for maximizing behaviourckBs and Streitwieser, 1991).
Second, as the Malmquist indices allow for différexturns to scale across periods the
CRS assumption for TFPC is not very strong. Theitilon here is that although returns
to scale are constant in any given period, retgarsvary across periods (Grosskopf,
1993). As to our choice of input-orientation weibed that in a regulated environment
it is likely that pipelines will face a derived dand®* Also, though non-parametric
approaches lower the risk of introducing specifaaerrors, they have been criticised.

% Sickles and Streitwieser (1991) also use inpwriation in their DEA model.

10



They presume to measure the true frontier whetessstnot necessarily the case. Thus,
they do not account for measurement as well as lgagmerror and therefore do not
allow the construction of confidence intervals gpdthesis testing. The seminal work
of Simar and Wilson (1998 and 206b3howed how to infer the statistical properties of
the non-parametric estimators and thereby overcmeroblem of sampling errét.
Following Simar and Wilson (1999) we add confidenogervals to our set of
Malmquist indices that measures the productivitangde for the entire sample period
(1996-2004). Also, we perform a nonparametric eutéinalysis which is a strategy to
address possible measurement effor&enerally, Sickles and Streitwieser (1991)
consider DEA (and SFA) a parsimonious way to madfetiency distortions under an
“extremely complicated and often contradictory datpry process”, as they describe

FERC regulation.

3.2 Variablesdection

Although gas transportation technology is not neaely complex from an engineering
perspective, variable selection from an economid esgulatory perspective is not
obvious as different choices produce different lts$t For this reason we contrast
several variable specifications. Generally, ourichaf variables is informed by the
actual US regulatory framework, the literature and discussions with regulators. We
use an input-oriented model that treats outputhas“tight-hand side” and cost or

revenue as input.

First, we turn to outputs or cost-drivers. Muchtué literature on gas transmission uses

22 See also Simar and Wilson (2008) for a good sumnoérstatistical inference for non-parametric
frontier models.

2 Coelli et al. (2005, p. 202) stresses that thetsicap technique does not address measurements error
specification errors but only sampling error. Asr alata is based on a sample and not the entire
population the bootstrap results are informativeshe

4 We search for possible outliers using the appraddlilson (1993) and Simar (2003) which are both
implemented in FEAR. Though these tests flag ptessibtliers we do not drop any observations for the
following reasons: there seem to be no obviousreithough we cannot exclude the possibility obesr

in the original data), the two approaches do neessarily flag the same observations, and the arder
approach Simar (2003) flags such a great numbebsdrvations that it would be impractical to dekdte

of them. In particular, the order-m approach thotlghging some 30% of our data@t 0.5 shows no
“elbow-effect” (the percentage of potential outliés constant in m).

5 Also, if the results were to be used to implemeriorm of incentive regulation it would have to be
taken into account that different models have diffé incentive properties.

11



production functions where the prime output is\tb&ime of gas delivered and capital
and labour are inputs. Callen (1978) uses an eegirge Cobb-Douglas function where

delivery is a function of compressor horsepower &and-pipe capacity and a scale
factor. Line-pipe capacity is measured in tonsteélas a function of length, diameter,
and an assumption of wall thickness. Aivazian (398id Sickles and Streitwieser
(1991) use delivery volumes weighted by transpastadces as output. Granderson
(2000) uses compressor fuel as proxy for outpuhs@action cost drivers identified by

the International Energy Agency (1994) are: lergtpipeline, maximum flow required

for a day of peak demand, the trade-off betweemeiar and compressor power rating,
and the terrain and right of way. We exclude abhgenous factors, as well as right of
way. As we have no measure of diameter we use hotakepower rating and length of
mains representing capacity or capital as outffulhe importance of horsepower is
that it allows increasing capacity on a given liAevazian and Callen (1981, p. 147)
state that, “[...] the line-pipe may take months eans to construct and is clearly the
most inflexible input. However, once the line-pipen the ground, horsepower capacity

may be added fairly continuously to the line toldwip capacity.”

Note that the exclusion of other capacity measureght affect comparability.
According to the International Energy Agency (1994¢ “peak problem” might be
solved differently in different countries and affelient times as well as by different
firms. Spare capacity, storage, and demand resp@amsall address the issue but might
be of different importance under different regutgtaegimes and for different
companies. We do not account for storage whoseegicause according to O'Neill
(2005) does not infer an advantage. Hence, a coynffeat uses storage more cost

effectively than others use horsepower and maitidwidisadvantaged.

When looking at the rationale for using delivery as output one has to distinguish
between total cost and revenue as input variablesa first approximation it is likely
that revenue is more closely related with deliveojumes than total cost (though we

find no statistical evidence for this). In cost retsdthe arguments for inclusion of

% As shown by International Energy Agency (1994, Rig there is a clear relationship between pigelin
diameter and compressor power for a given transfpduime per year.

12



delivery seem weak as most costs are fixed. Evest mperating and maintenance
(O&M) costs (except for compressor fuel and comgmesnaintenance) are fixed as
stated by the International Energy Agency (1994i8)2” When looking at the revenue
models the main reason for inclusion of deliverythsit tariffs include a volume
element. However, this element was drastically cedun 1992 to better reflect the cost
decomposition. Before 1992, FERC attempted to agstmarket power by forcing
companies to recoup their fixed cost via a volurharge. As argued by Alger and
Toman (1990), with the development of secondaryketarthis is no longer necessary
and tariffs increasingly reflect costs. Anothers@afor the inclusion of delivery is that
increased competition and therefore increasingherding business models imply
different approaches to increasing capacity antvelsl in ways that we do not account
for (e.g. better systems). Assuming that a compas®s better management or trading
to increase delivery with a given capacity, a matiat excludes delivery would not
account for this and less innovative companies wbel rewarded.

On a different note, including delivery causesahtécal problem related to our use of
Malmquist indices and the fact that delivery sh@awather high year-to-year variability.
Coelli et al. (2005, p. 306) and Nghiem and Co@002) explain why variables that
fluctuate on a year-to-year basis potentially cqueblems for efficiency measurement
results. First, as the frontier is calculated usiwg years only, DEA-based MPI are
influenced by stochastic factd?Second, a decrease in volume might be interpreted
technical regress. Although our cross-sectionrigelathen the one used by Nghiem and
Coelli (2002) we observe technical regress for somoelels when including delivery

volume.

Next, we turn to our input measures discussingl todat first. Unlike most of the
literature we use total cost as in, for instaneenasb and Pollitt (2003), Hess (2008),
and Edvardsen et al. (2006). The latter study as&&lmquist cost index including

?" The IEA estimates O&M costs for onshore pipelitede about 2% of investment cost. Maintenance
costs for compressor stations run at a relatived toad factor are estimated to be 3-6% of investin
costs.

%8 An alternative would be to estimate MPI using Skkere the frontier is based on the entire sample
and year-to-year fluctuations affect the technedficiency change component rather then the teehnic
change component as explained by Coelli et al.§2p0306).

13



input quantities and prices. Rouse and Swales (2@@&cribe how total expenditure is
used as input in DEA for the pricing of health $&#% in New Zealand. In their case,
output which is typically measured in number ofctisrges is cost-weighted to account
for the difficulty of different treatments. Thiduktrates the desirable property of total

cost as an input for proper economic weightingllohauts.

The choice of inputs changes the interpretatioowfresults as compared to standard
measures of technical efficiency. Following Maniadaand Thanassoulis (2004), our
measure might be referred to as “cost technicatieffcy” as it implicitly includes
allocative efficiency. As we do not have unit pacee cannot distinguish between
technical and allocative efficiency as done by Madakis and Thanassoulis (2004) who
constructed a new Malmquist index that allows Fer inclusion of price&’ Though one
might expect similar input prices across the UScégx for labour), the International
Energy Agency (1994, Fig. 1 Chapter 3) shows thiatbnstruction projects in 1990/91
costs differed for a given pipeline diameter. Saskhnd Streitwieser (1991) calculate
input prices from revenue and physical quantitielsis has the problem that higher
margins translate into higher input prices. In ipatar with recent increases in rate

flexibility it is likely that margins differ acrosrms.

The main advantage of a single monetary input nmreaBom a regulator’s point of
view is that correct physical measures are diffibmlobtain due to outsourcing, quality
differences, or non-reportin. Last, consumers and regulators are not interested
technical efficiency as such but the cost of theise. Hence we also use total revenue

as an alternative measure of input.

Although revenue is influenced by the regulatorgimee, we do not use a bottom-up
measure (like our Totex variable) as used by magulators. Our motivation for using
revenue as an alternative input measure is twofetdt, total cost, like physical inputs,

might be difficult to measure and thus revenue $amwve as a proxy especially where

? Traditionally prices could not be included in Majuist indices and one would have to resort to
parametric techniques. See e.g. Farsi and Filiggbn4).

0 Additionally FERC Form 2 does not report all plogdiquantities of interest as for instance, the inem
of employees.

14



regulatory accounting procedures are not well-distedd. Second, in regulatory
practice throughout Europe the rate-of-return tarsé&engthy procedures reminiscent of
US rate-cases and often seems to be set rath&aghp’' To some extent this defeats
the purpose of incentive regulation by introducangost-plus element as the German
monopoly commission also believes (Monopolkommissi®006, p. 64). The use of
revenue might address the critique of Europeanntnge regulation by Shuttleworth
(1999) who argues that regulators use an averdgeofareturn to reward efficient
performance. Thus, investors have no incentivatest in companies that are regulated
in this way. Benchmarking revenue (instead of sgth WACC ex-ante) would allow
for the trade-off between high efficiency and higdiurns to be reflected in actual
frontier performance. However, these desirable ufeat of revenue are not fully
reflected in our data as it is influenced by thesaf return as set by the regulator. Also
in practice, a “benchmarkable” revenue has to béneld somehow before the
benchmarking takes place.

We do not include non-discretionary variables im analysis but suggest considering
the following issues. First, the way the systemgecwith peaks can differ and might
not be at the discretion of management. Anothegemous variable is the age of the
network, particularly because we rely on historomk values as a measure of capital
expense. Though age might affect etatic efficiency measures it should have a lesser
impact on our measures ofiangeas these are relative to a particular point ingast
only (Edvardsen et al., 2006). Other non-discretrgrvariables include the end-use of
deliveries (heating vs. industrial) and layout iiktine vs. radial grid). Table 3
summarizes the variables and methods used by $gwaductivity and efficiency

studies of the US gas transmission industry.

%1 Joskow (1972) observes that (as in Europe) there@mplex rules on how the rate base is set leneth
is little guidance for the rates. Also unlike otlsemponents of total cost, cost of capital is ueotesd.
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Table 3: Summary of the Literature

Author Data Inputs Outputs Method
Callen (1978) 28 US inter-state gas | Horsepower Delivery volume Econometric
transmission production
companies in 1965 Weight of pipeline function
steel
Aivazian (1987) | 14 US inter-state gas | Horsepower Delivery volume Econometric
transmission multiplied by length of | production
companies in 1953- Weight of pipeline delivery function
1979 steel
Compressor fuel
Labour
Sickles and 14 US inter-state Horsepower Delivery volume DEA, SFA
Streitwieser pipeline companies in multiplied by length of
(1991) 1977-1985 Weight of pipeline delivery
steel
Compressor fuel
Labour
Ellig (1993) 50 Texan gas Sales (commercial, | O&M expense Econometric
transmission industrial, resale) cost function
companies in 1989
Third-party delivery
volume
Total throughput
Length of pipes
Gas purchasing
cost
Granderson 20 US inter-state Horsepower Compressor fuel SFA
(2000) pipeline companies in
1977-1987 Weight of pipeline
steel
Compressor fuel
Labour
Hess (2008) 47 US inter-state Operating expense | Total revenue SFA

pipeline companies in
1996-2005

Total transmission
assets (in $)
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4 Data and Measurement

The data used in this study is from the FederaldggnBegulatory Commission (FERC)
which requires all inter-state transmission comesa@bove a certain size to file yearly
regulatory reports containing financial and opagtdata (FERC Form 2). As far as
possible all data is confined to the transmissiarction. Though the FERC data is not
gathered for efficiency and productivity analysihie large number of studies

(previously referred to) that uses the data testifo its general adequacy.

Several missing values had to be estimated froracad}j periods as MPI does not
tolerate any missing values. Some observations evtter data did not appear to be
correct were excluded and several obvious errorse wrrected. The data was
corrected for inflation during the sample periodl wonetary values are in 2004 US
dollars® Revenue was adjusted such that no company hat-afreeturn lower then

6% in any year. This adjustment was to prevenfribrgier to be made up of firms with

sub-normal rates of return. Six percent was chtsée slightly higher than the US risk
free opportunity cost. The adjustment was necedsarfive observations. The detailed
definitions of the various variables and their measents are given in Table 4. Note
that we exclude the cost of fuel as most pipelinishold fixed percentages of the gas

actually delivered as compensation for compreaserifsagée>

%2 For asset values for instance, that means thatonet account for inflation from the date of puasé,
which would amount to current asset valuations fluh the date of reporting. For example, a firnghti
report a certain historic asset value in 2002, tviwas purchased in 1980. Our inflation adjustmey o
covers the period from 2002 to 2004 and not fror80L%0 2004. We used consumer price indices
published by the US Bureau of Labor Statistics.

% This assumption is based on private communicati¢imtwo companies whose data we include.
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Table4: Variable Description

Variable Name Description Measurement
Totex O&M (less fuel, including labour) + Deprecation | 2004 $
+ Cost of Capital (written-down value multiplied
by 6 percent)
Revenue Revenue from transportation of gas of others 2004 $
through transmission pipes.
Delivery Yearly total of gas transmitted for others Dth (decatherm)34
(excluding losses).
Mains Total length of pipes (mains) Miles
Horsepower Total horsepower rating at compressor stations | HP
Age Accumulated depreciation at mid-year / Annual | Years

depreciation

Load factor

Delivery/Capacity (max. past single-day
peak*365)

%

Rate of return

(Revenue — O&M — Dep.)/Average written-
down value

%

Summary statistics are given in Table 5. It is ewidthat the size of the companies
varies greatly. In terms of pipeline length theykst company is about sixty times larger
then the smallest company. This reflects the fheat the nature of the companies
differs. Whereas some connect several other pielin a particular region to benefit

from arbitrage, others deliver gas over long disganfrom the main production regions
in Canada and the Gulf of Mexico. For this readentivo largest hub operators were
excluded as their delivery to cost ratios are bytlie largest. The three variables age,
load factor, and ROR (before adjustment) are nauded in our analysis but help to

%1 therm is equal to 100000 British thermal uri3 ().
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describe the sample. For instance, the averages&jeyears which is three times our
sample lengt® As discussed below, this discrepancy can weakere s our results.

Table5: Summary Statistics

Variable Mean Std. Dev. Min. Max
Obs.: 351, Years: 1996-2004, Firms: 39
Totex (m$.) 137 112 7.88 540
Revenue (m$.) 263 223 14.2 1100
Delivery (Dth.) 715 589 59 2840
Mains (miles) 4,645 4,117 269 16,666
Horsepower (HP) 395,553 399,938 5,200.00 1,600,000
Age (years) 27 31 4 508
Load factor (%) 0.67 0.19 0.25 1.15
ROR (%) 26 12 4 98

We use observations for a balanced panel of 39ipgseover 9 years. Button and
Weyman-Jones (1992) state that for DEA an appradt@degree of freedom” is the

number of observations less the number of variaislethe model. As we have four

variables (one input and three outputs) our degoéé®edom are within the suggested
limit of “about 35”.

Figure 2 gives the changes in the yearly samp&stddr the variables that are included
in the calculation of the MPI. We observe that ly volume fluctuates on a yearly
basis, whereas total length of pipelines staysi&ily constant and total horsepower is

continuously increasing. It is interesting that Mhtcapacity is added, total cost and

% The unrealistic measure for maximum age shoulddbe to measurement error or non-linear
depreciation practice. Only two observations foz age above 83 years. The outliers are charaaotebiye
above average values for accumulated depreciatidimalow average values for annual depreciation.
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revenue are falling (though they increase sligtdlyards the end of the sample period).
This might be explained by pipelines expecting dainto pick up, pipelines taking
advantage of arbitrage opportunities, or fallinmnes or other costs.

Changes in Inputs and Outputs (1996=100)

o
S| —e— Revenue ——®—- Totex — - — Delivery

....... U H P -
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o
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—
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—
o _
(o]
o _
[ee]

T T T T T
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Year
Figure 2: Changesin Inputs and Outputs (1996=100)
5 Results

First, Table 6 gives the results for our econoroetdst driver analysis. We started our
model selection with a full translog specificatibnt dropped the interaction terms
which are not individually significant (possibly @lto multi-collinearity). Also, the

model reported is the same as the full translograotg to a likelihood ratio test. As we
are particularly interested in the significancedefivery as a cost driver we performed
the relevant likelihood ratio test. But even thoulgh two coefficients for delivery are

individually insignificant, the test does not suggéhat we can drop them. Thus, the
evidence on delivery volume as a cost driver is emgtrely conclusive but there is a
strong indication that all costs are essentiabkedi (recall that compressor fuel is not
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included in our total cost measure). Though theltedor Model 1 and Model 2 are
similar, delivery has a slightly higher coefficidot the revenue model and the opposite
is true for the length of pipe. It is likely thas dariffs are not fully cost reflective,
revenue varies relatively more with delivery. Alseg added time trends whose
coefficients confirm that cost and revenue ararfglbver the sample period. Last, we
find that for Model 1 the implied economies of scate about 0.7 and 0.9 for Model 2

(at the respective means).
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Table6: Cost Driver Test Results

Model 1 Model 2

Dependent variable In(Totex) In(Revenue)

0.267 0.482
In(Delivery)

(0.810) (0.642)

-0.529** -0.508*
In(HP)

(0.201) (0.248)

1.558*** 0.842*
In(Mains)

(0.343) (0.342)

0.003 0.000
In(Delivery)"2

(0.020) (0.016)

0.032%** 0.031**
In(HP)"2

(0.009) (0.011)

-0.086*** -0.042
In(Mains)*2

(0.022) (0.022)

-0.016%*** -0.025***
Year

(0.003) (0.003)

39.607*** 56.250***
CONSTANT

(10.250) (8.105)
LL 327.72 279.64
AIC -639.43 -543.29
obs. 351

*p<0.05, ** p<0.01, ** p<0.001
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Average Malmquist Indices and Their Decomposition

Model 1 (Totex, including deliveries) Model 3 (Totex, excluding deliveries)
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Cumulative indices, base is 1996. Decomposition into Total Factor Productivity Change (TFPC), Pure Technical Efficiency Change (PTEC),
Technical Change (TC), and Scale Efficiency Change (SEC). Legend identical for both panels.

Figure 3: Average Malmquist Indices and their Decomposition

Now we turn to our main results — i.e. the Malmgpi®ductivity indices. Figure 3 and
Figure 4 show the cumulative (and averaged acio®s)f Malmquist indices (TFPC)

and their decomposition into technical change (Te technical efficiency change
(PTEC), and scale efficiency change (SEC). Whetbasleft panel in each figure

includes delivery, the right panel excludes delvas an output. Additionally, Table 11
and Table 12 in Appendix B give technical efficigrahange TEC (the combination of
PTEC and SEC) as well as the yearly technicaliefficy scores (TE) which are inputs
to the Malmquist indices. The last rows in bothl@algive the implied average yearly
growth rates by taking the index for the last yg&404) and dividing it by the number

of years elapsed since the base year.
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First, we look at the industry’s average perforngamecross time. There is a clear
upward trend for TFPC for all models. Also, the @eincrease in PTEC is positive.
Thus, firms are catching-up with best practice. ideer, a closer look at PTEC shows
an initial increase and a decrease towards thd@n@TEC and SEC. This reversal of
performance is most striking for the revenue moudisre the turning point is the year
2000 for both models.

Across most years and models TC is very low. Thbrteal regress for Model 1 might
be caused by the fluctuations in delivery as erpldiabove, even though the revenue
model that includes delivery has the strongest raw TC. There are other differences
across the models. Models excluding delivery shdwgher overall growth. This is not
surprising as the length of mains and horsepowselik@i delivery) are virtually non-
decreasing (see Figure 2). It is also interestingate that the “opposite” is true for the
static efficiency scores where the inclusion ofivaely always increases efficiency as

more variables allow more firms to be efficient.

Next, we turn to scale efficiency (change). The sdéres for VRS and CRS indicate
that in each year firms do not operate at the refistient scale. Moreover, SEC indices
indicate that whereas initially firms move towattigir most efficient scale this trend
reverses towards the end of the sample period., A&oinclusion of delivery seems to
add volatility to the SEC measure. As SEC is atm“tifference” between PTEC and

TEC it is interesting to observe that the gaprigdafor the Totex models.

Looking at the implied average yearly growth rmsPTEC (Appendix B), the Totex
models give a range of percentage growth ratesdegtvi.13% and 2.38%. When SEC
is included the range is 3.5% to 5%. The respectnges for the Revenue models are
0.75-1.5% and 1.75-4.3%.
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Average Malmquist Indices and Their Decomposition

Model 2 (Revenue, including deliveries) Model 4 (Revenue, excluding deliveries)
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Figure 4: Average Malmquist Indicesand Their Decomposition

Table 7 gives the TFPC measure and its decompodiioour last year 2004 for each
individual firm (Model 1). The purpose of this tahk twofold. First we show that in
spite of the upward industry trend firm-level penf@nce varies greatly. Second, we
provide bootstrap based significance levels ingigaivhether a particular index is
significantly different from 1, i.e. whether theigea significant change over the entire
period or not. It appears that both TFPC and SECsanificant for almost all firms
whereas technical change is mostly insignificarite Bignificance of the measure for
(pure) technical efficiency change on the otherdhaaries greatly across firms.
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Table 7: Malmquist Productivity Change (1996-2004) and its Decomposition

Unit TFPC TEC TC PTEC SEC

1. 0.890*** 0.902 0.987 1.000 0.902*
2. 0.842*** 0.947 0.889 0.869 1.090*
3. 1.155%** 1.048 1.102 1.000 1.048*
4. 0.894*** 1.139 0.785 0.967 1.177*
5. 1.143%* 1.306 0.875 1.082 1.207*
6. 1.646*** 1.312** 1.255* 1.000 1.312*
7. 1.545%** 1.496*** 1.033 1.234** 1.212*
8. 0.963*** 1.083 0.889 0.868 1.247*
9. 1.178*** 1.454*+* 0.810 1.187 1.224*
10. 1.423*+* 1.143 1.245* 0.968 1.181*
11. 1.235%+* 1.554*+* 0.795 1.266** 1.228*
12. 1.182*%** 1.353* 0.873 1.000 1.353**
13. 1.765%* 1.702%** 1.037 1.070 1.591*
14. 1.335%** 1.340%** 0.996 1.191 1.125*
15. 1.015* 0.959 1.058 1.000 0.959*
16. 1.689*** 1.602*** 1.054 1.327%* 1.207*
17. 1.134*+* 1.463** 0.775 1.268* 1.154*
18. 1.027 1.170 0.878 1.012 1.156*
19. 1.037 0.878 1.181 1.000 0.878*
20. 0.933*** 0.818** 1.140 0.665*** 1.230*
21. 0.826*** 0.751** 1.099 0.600*** 1.253*
22. 0.974 0.868 1.122 0.740*** 1.174*
23. 0.999 1.434* 0.697* 1.499** 0.956*
24. 1.513** 1.681*** 0.900 1.074 1.564*
25. 0.853*** 1.281 0.666* 1.160 1.105*
26. 1.215%* 1.189 1.022 0.836 1.422*
27. 0.541*** 0.836 0.648* 1.000 0.836*
28. 0.993 1.146 0.866 0.994 1.153*
20. 0.823*** 1.011 0.814 1.000 1.011*
30. 1.939%+* 2.086*** 0.929 2.029*** 1.028*
31. 1.158*** 1.227 0.944 1.042 1.177*
32. 1.425%+* 1.225 1.163 1.000 1.225*
33. 0.763*** 0.830 0.920 1.032 0.804*
34. 0.736*** 0.799*** 0.921 0.918 0.871*
35. 1.117%* 1.030 1.084 0.869 1.185*
36. 0.924** 0.824* 1.121 0.737* 1.119*
37. 0.923* 1.043 0.884 1.285** 0.812***
38. 0.796*** 0.742*** 1.073 0.710*** 1.045*
39. 1.199%+* 1.292 0.929 0.959 1.348*

Decomposition into Technical Efficiency Change (TJECechnical Change (TC), Pure
Technical Efficiency Change (PTEC), and Scale kgfficy Change (SEC). Stars indicate that
estimates are significantly different from 1 atrsfigance levels 1% (*), 5% (**), and 10% (***).

To further investigate the relationships between models and various productivity
(change) measures we provide pair wise correlato@fficients in Table 8 and Table 9.
In particular, we are interested in the correlatimtween the Revenue and Totex
models where the results are highlighted alonglthgonals in the lower left of the two
tables. When focusing on these diagonals, we caermao observations. First, the
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correlation coefficient is higher for the level Td€ores as compared to the various
change measures. Second, the correlations arertfighthe models that exclude the
volume of delivery in Table 9. This may be due he fpresence of volume-related
charges affecting revenue more than total costs;Ttmnen delivery is excluded from
the model the remaining explanatory variables @mosver and length of mains) have

the same relative effect on Totex and Revenuenegadi higher correlations.

Table 8: Pearson Correlation Coefficients, Models Including Delivery

Model 1 (Totex) Model 2 (Revenue)
TE TFPC TEC TC TE (VRS) TFPC TEC TC
(VRS)
TE 1
(VRS)
TRPC -0.1292* 1
TEC -0.2917* 0.7283* 1
T 0.1993* 0.4032* -0.3110* 1
TE 0.9134* -0.1354* -0.3354* 0.2458* 1
(VRS) . . . .
TFPC -0.0705 0.5870* 0.3973* 0.2876* | 0.0374 1
TEC
-0.0709  0.4053* | 0.4363* -0.0078 | 0.0451 0.8512* 1
TC -0.0161 0.3783* -0.0209 0.5602* | -0.0246 0.3318* -0.1908* 1

*indicates significance at 5%
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Table 9: Pearson Correlation Coefficients, Models Excluding Delivery

Model 3 (Totex) Model 4 (Revenue)

TE TFPC TEC TC TE(VRS)  TFPC TEC TC
(VRS)

TE
(VRS)

TFPC -0.2435* 1

1

TEC -0.2850* 0.8860* 1

TC 0.0599 0.2601* -0.1966* 1

TE 0.8894*  -0.2268* -0.2892* 0.1187* |1
(VRS) . . . .

TFPC -0.1652* | 0.8043* 0.6831* 0.2381* | -0.0728 1

TEC -0.1936* 0.6823* | 0.7485* -0.1434* | -0.0788 0.8898* 1

TC 0.0614 0.2904*  -0.1029  0.8490* | 0.0451 0.2818* -0.1676* 1

*indicates significance at 5%

Next, we turn to the results for the convergensedad look ap-convergence first. The
increases in PTEC and TEC as shown in Figure 3Famate 4 are evidence for firms
catching up with best practice. Figure 5 illustsatieis by plotting the TE (VRS) scores
for all firms in the base year against TEC compaorifan Model 1). Second, in order to
examine the effect of the sample length on convergethe MPI calculations were
repeated for two shorter samples (moving the bgse The different runs are
represented by the differently shaped markers snes.| For each value on the x-axis
there are several values along the y-axis. Thesevaues for a given firm across the
years. For instance, for the full sample each ofasen on the x-axis has eight
observations along the y-axis as there are eigatsysll the end of the sample and
therefore eight TEC measures. The fitted lines deatec fit) show that the rate of
technical efficiencychangetends to be higher the lower tlewel of technical efficiency
in the base year. Also, this negative relationst@akens as the sample period becomes
shorter. Although we provide no formal test, thiatienship between the length of the
sample period and tH&convergence potentially has implications for teegth of the

regulatory period.
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Technical Efficiency Change vs. Technical Efficiency
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Figure5: Technical Efficiency Changevs. Technical Efficiency

Next, we present more formal evidencepasoconvergence. Following Alam and Sickles
(2000), we regress the average year-to-year growtte technical efficiency scores on
the logarithm of the technical efficiency scoresthe base year (i.e. 1996). Table 10
presents the results for the CRS and VRS versibrmiofour models. The negative

coefficients confirm that there is convergencehg €efficiency scores. However, the
slope coefficient is most significant for modelsittexclude delivery. Thus, both tests

indicate that there is sonfleconvergence.
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Table 10: Results of p-Convergence Test

Model 1 Model 1 | Model 2 | Model 2 | Model 3 | Model 3 | Model 4 | Model 4
(CRS) (VRS) (CRS) (VRS) (CRS) (VRS) (CRS) (VRS)

In(respective | -0.010 -0.020* -0.023** | -0.017 -0.026** | -0.041** | -0.024* -0.028***
DEA score in
1996) (0.008) (0.009) (0.008) (0.010) (0.009) (0.006) (0.011) (0.007)
CONSTANT | -0.003 0.003 -0.015* | -0.011 -0.009 -0.017* -0.020 -0.011

(0.005) (0.008) (0.005) (0.009) (0.008) (0.007) (0.010) (0.008)
Prob>F 1.53 4,99 9.36 2.72 8.86 50.52 4,55 16.57
R-squard 0.01 0.10 0.18 0.04 0.17 0.57 0.09 0.29
obs. 39

*p<0.05, ** p<0.01, ** p<0.001

Next, we turn to our results ferconvergence. Figure 6 gives the box plots forstiaéic

efficiency scores for the VRS models. For all medie variance decreases slightly

over the sample period. Looking both at the restitts -convergence and-

convergence two interpretations seem possiblet, Rhve catch-up effect might be so

weak that performance differentials are hardly oedu Alternatively, assuming thpt

convergence is relatively strong one might concltdg even though the average firm

catches up with best practice the worst perfornfiimgs do not.
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Box Plots by Year
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Figure 6: Box Plots by Y ear

6 Discussion

6.1 Mode and Variable Choice

For our analysis of productivity (change) we chonea-parametric frontier models for
two reasons. First, these models provide intuitresults that are meaningful to
regulators and can be decomposed into various eksned total factor productivity

growth. Second, the necessary assumptions on Btrabour are less stringent than for
most parametric models. To address the “deternghistiture of our models we also
report bootstrap-based significance levels for sofmaur results. We report both DEA
technical efficiency scores and Malmquist produttiindices. Though most regulators

rely on static scores from cross-sections, it sfulsto contrast these with productivity
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changes?®

As to our variables, we opted for a single monetapyt (total cost or revenue) which
offers several advantages: only standard accoudfite is required; trade-offs between
the various inputs are accounted for; and they wdcéor outsourcing and quality
differences in inputs. Also, our use of revenuamslternative input has two desirable
features from a regulatory perspective: revenubagotal cost to consumers including
cost of capital; and aggregate revenue measureseaddly available. As we use a
monetary input measure but do not include pricad ¢aus do not distinguish between
technical and allocative efficiency), the incentm®perties of our efficiency measures
are different from those of standard technicalcefficy measures. Our measure would
have the incentive properties of a standard teahmfficiency measure if firms were
allocatively efficient and faced the same inputcgsi The results for Totex and
Revenue models are similar but there are differenthmnlike cost, revenue is more

likely to be driven by the particular tariff regimm@arket power, etc.

On the output side, we examined models which exclyas delivery volumes because
the literature on costs and our understanding off teetting indicate that both are
largely driven by capacity rather then volume. @tiorts to confirm this empirically

are not conclusive and the productivity resultsediiepending on whether delivery is
included as an output or not. We observe that thoing results produced by the
different models are often (highly) correlated therre important differences when

looking at for instance, time trends.

Again from a regulatory perspective the choice ofdel is important not only because
the model might mis-represent how firms operateitbparticular because once a model

is adopted firms will start to behave accordingly.

% |t is interesting that Ofwat the UK water regulaperforms its benchmark on a cross-section even
though it can use the panel data at its disposale@4/ and Lay (2006). At a presentation of the p#per
authors stated that a possible reason for theragedi use of a cross-section is that company maregem
does not consider itself responsible for the penforce of past management teams.
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6.2 USresults

For our sample of US gas transmission companiegverage, we observe modest and
statistically significant improvements in technicaéfficiency (and stronger
improvements in overall productivity). Moreover, wind some evidence of
convergence over time. However, we find that theserage results mask strong
differences at the firm level. Also, firms do ngtevate at the most efficient scale. But it

appears that the industry performs better tharibdfore.

Since the liberalization of the well-head pricenatural gas in the US and subsequent
regulatory change for the pipeline business, ségtudies (see Table 3) have measured
firm-level efficiency, and productivity and in pextlar the effect of regulatory change.
Some studies have found that efficiency declinedl @nvergence did not occur in the

first decade after well-head price deregulation.

Looking towards Europe our results might be com#chawvith the result of a recent
report by the German regulator (Bundesnetzage@@06) which found an average
yearly TFP growth of 2.19 percent for the entirer@an energy industry for the years
1977-1997 (using a Tornquist index). This is ratloer compared to our range of 2.9-
6.9 percent across all models. However, the diffemaethodologies used and the

different market environment at the time make aganson difficult.

Also, the initially strong growth of PTEC and SE@ftens or reverses for some models
around the year 2000. While we do not have a gaptheation for this, we note that a
merger wave in gas distribution and transmissiocuoed around the year 2000 as
shown by Moss (2005) which may have increased narkeer. This hypothesis is
supported by Hess (2008) who concludes that M&Avagtfor US gas transmission
pipelines has not lead to substantial improvemefficiency. Increased market power
would also explain the discrepancy between thespatithe Totex- and Revenue-based
technical efficiency changes.

When looking again at the firm level and decompgsiFEC into pure technical
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efficiency change and scale efficiency change wsenke that SEC change dominates
PTEC and that for the latter differences acrossdirare greater. An intuitive
explanation might be that the hurdle to improvelesctficiency is lower (e.g. by
installing additional compressor horsepower) tHanhurdle for genuine improvements

in technical efficiency.

Next, we observe some convergence in relative pegoce. Firms starting at a lower
efficiency level grow fasterpfconvergence) and the dispersion of static effigyen

scores ¢-convergence) declines somewhat over time. Theargewnce is not great and
a sample length equivalent to the investment cyatght produce stronger results. Also,
our results show averages and are therefore ltkefjoss over regional differences. We
know that pipeline competition is foremost a regiophenomenon and would expect
the same to be the case for efficiency trends angergence. Last, not accounting for

individual pipeline’s particularities is likely taffect our convergence results.

Thus, our results show that regulatory change enU® is followed and accompanied
by “cost productivity” and “revenue productivityinprovements. What changed is not
so much the actual rate-of-return regulation bathkhilding of competitive markets and
increased tariff flexibility (which can be obtaineden under an unchanged rate-of-
return regulation). Encouraging competition throudfie creation of the necessary
institutions might be more important in the longrrihan the prevailing form of tariff

regulation.

Though we have no counterfactual our results mightused to assess the relative
success of this particular regulatory regime. Fif$tP change and TEC seem higher
than one would expect for rate-of-return regulatatural monopolies. However, given
the very low minimum values for the static effiaignscores, the reduction in the
variance does not seem particularly strong. Thighinsuggest that even though firms
are catching-up on average this is not true fomtbest performers. This is not entirely
surprising as even though the regulatory regimensde increase average performance,
firms that are the least exposed to competitioa ¥@orst and continue to do so if local

competitive conditions do not change. Here fulgdfyed benchmarking-based incentive
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regulation might have brought about stronger cogemce because it explicitly targets

worst performers as well as mimicking competitiomoag all the firms.

6.3 Lessonsfor Europe

Many European countries have recently embarked oaute of regulatory change
heading towards incentive regulation. It might bertwvhile for these regulators to

consider the insights that US experience and dé&ta o

First, our work points towards issues related tad&hough FERC data collection is

driven by the needs of elaborate rate-cases, @smatirequirements on transparency and
rigour are an important point of reference. Howe\lERC recognizes that a move

away from rate-of-return regulation shifts the eangb from quantity to quality of data

collection (O'Neill et al., 1996).

Broadly speaking, our analysis points towards artsium and a long-run lesson for
European regulators. In the short-run, FERC dataviges the opportunity for
individual European regulators to benchmark naticoenpanies without a standardized
European data s&t.There is reason to believe (and other regulatave Ishowr¥ that

a sufficient degree of comparability can be obtdimgth FERC data. In the long-run,
European regulators should consider giving morehasig to market integration and
competition since these arguably lead to produgtivicrease and convergence, as in
the US.

We would like to make two general points. Firstc@the European regulators begin to
collaborate on gathering data in a systematic amiparable way there will be enough
data to produce robust results from European dat@eaHowever in the meantime,

comparing European companies to US companies npightide some guidance for

37 Obviously, international benchmarking requiresebalr analysis of the differences across firms and
strategies to address these. For some of thesssisse for instance Jamasb and Pollitt (2003).

% |n particular, regulators in New Zealand and Aalsirhave been keen users of US data to benchmark
their regulated companies. See e.g. IPART (1998yifie Economics Group (2004), and Carrington
(2002).
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regulators that often face difficult-to-verify atas from industry. An added advantage
of using US data is that a panel is available #tlatvs for more robust conclusions on
performance changes since single cross-sections likeéy to be affected by

measurement error.

There is a finite number of gas transmission congsaworldwide. In the long-run,

even if sufficient European data were availablégrimational benchmarks still have an
important role to play. It is possible that US c@mies embody best international
practice. Also, there is no reason to believe finais under incentive regulation should
fare worse than under rate-of-return regulatiom(glemented by competition or not).
To exclude the US regulatory and management pedioce from any European

benchmark could amount to forfeiting consumer sigpl

7 Conclusion

This paper investigates the performance of a sawipldS interstate gas transmission
pipelines from a benchmarking perspective. We assies performance of the US
industry and therefore also of the regulator udnogtier productivity and efficiency

measures that are widely applied in Europe todago,Awe show that European
regulators can learn both from the data analysseadlsas recent US regulatory reform.
The lessons we draw from the latter are exploraborthe sense that we extrapolate
from past US performance to future European perdmor. Nevertheless we believe

that this study helps regulators on both sides@fAtlantic to learn from each other.
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Appendices

Appendix A: DEA and Malmquist Techniques

One way to account for changes in productivityoi€dmbine single and mixed-period
distance functions into an index as pioneered bye€at al. (1982) and Fare et al.
(1989). Next, we present the methodology formadljofving Grosskopf (1993).

At each time period = 1,..T there ar&k = 1,...K firms (i.e. decision units) that use a
single input %' = (X)) to produce n outputs{= (Yu,...,Yn). For each time period a
production technology is constructed using DEAdwiing Farrell (1957) and Charnes
et al. (1978). For a given periddhe constant returns to scale (CRS) frontier teldgy

is given by:

Jey)y g ;gz $ ks %

=1
n=1..N,z =2 0,k=1,.K

where the upper boundary of this set representdéise practice frontier. Relative to

this frontier technolog$ one may define an input distance function for canyk:
D, (x""t, yk"‘) :{9 ; (ka"t, y“) O S}

Following Fére et al. (1989) and given two timeipés (and thus two technologies),
four input distance functions can be calculated.oTe¥ these functions evaluate a
period’s observations against its respective refagechnology and two evaluate its
observations against the technology of the otheogeThe MPI is the geometric mean

of these four distance functions
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1/2

Dlt (Xk‘,t+1, yk',t+1) qt+1( Xk e 1, >)<‘I+ 1)
Dlt (Xk',t' yk',t) Dt+l( Xk',t’ ykt)

M, (k' t,t+1)=

As mentioned above, an important feature of thee Féiral. (1989) version of the

Malmquist index is that it can be decomposed, ngnméb

D|t+1 ( Xk',t+1' yk Tt 1)

Technical Effici Ch THG
echnical Efficiency Chande TH D}(xk"‘,yk“)

and

Dlt (Xk',t+1, yk',t+1) qt ( Xk',t’ }}<t) vz
D|t+l(Xk',t+l' yk‘,t+l) Dt+1( Xt ykl)

Technical Change TI=

and thus
M, (k' t,t+1) = TFPC= TECO TC

A further decomposition of technical efficiency olge into pure technical efficiency

change (PTEC) and scale efficiency change (SEC)pn@sosed by Fare et al. (1994),
where the PTEC is calculated relative to a variabtarns to scale technology and the
scale component “captures changes in the devid@ween the variable-returns and

the constant-returns-to-scale technology” (p. Where scale efficiency change is

Do (X% )/ Diad ¥y )

Scale Efficiency Change SHE
- Y d & DItCRS(Xk"t’ ykl't)/ DtIVRS( X th)

The VRS addition to the subscript now marks a $etistance functions relative to a
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variable returns to scale frontier; and pure teciirefficiency change is

t+1 k' t+1 k't+1
IVRS ( Xy )

Divrs (Xk"t ; ykl't)

Pure Technical Efficiency Chanfe PTIEE

and hence,
TEC= PTEQJ SE(

This approach was criticized and another decompasguggested by Ray and Desli
(1997) which has certain shortcomings itself. Fashart discussion see Coelli et al.
(2005, p. 292).

Noting that the input distance function is the peocal of the Farrell (1957) input-
oriented measure of technical efficiency we caleuthe distance function for period
as

[D,t (x""t, Yl CRg]_l =miné s.

K
z Zkt y:,t > yn,
k=1
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Further details and the equivalent formulae for mhiged-period constant returns to

scale distance functions are given in Grosskop®8).9

The Malmquist index and its decomposition are thated in Figure Al (for CRS only).
The two lines from the origin give the technologifrantiers in the two periods. For

both periods their respective observations lie senat below the frontier.

(xt+1,yt+1)
yt+1 _____________________________ foemnmnnneee T ‘
(x4y")
A S S w .
0 a b c xt=d x%l=e f

Figure Al: Illustration of a Malmquist Decomposition

Technical efficiency change is given as

TEC= X ®
Oe Od

and technical change as
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O 0 1\2
TC= _C_a
of Ob

and hence total factor productivity change as

oc[oboal”
TFPC= < | 22
0d| Oe Of
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Appendix B: Yearly Average Scores

Table 11: Average Malmquist Indices and their Decomposition (all relative to 1996)

Model 1 (Totex, incl. delivery) Model 3 (Totex, excl. delivery)
Year TE TE TFPC TEC TC PTEC SCT TE TE TFPC TEC TC PTEC SCT
(VRS) (CRS) (VRS) (CRS)

1996 | 0.69 0.52 1 1 1 1 1 0.59 0.45 1 1 1 1 1
1997 | 0.71 0.58 1.07 1.13 0.95 1.04 1.09 0.58 0.49 1.14 1.12 1.02 0.99 1.15
1998 | 0.69 0.61 1.09 1.22 0.91 1.01 121 0.60 0.50 1.21 1.18 1.03 1.04 1.19
1999 | 0.71 0.65 1.12 1.33 0.86 1.07 1.25 0.60 0.50 1.22 1.17 1.05 1.05 1.21
2000 | 0.74 0.63 1.17 1.30 0.91 1.12 1.17 0.59 0.49 1.25 1.20 1.06 1.05 1.25
2001 | 0.73 0.61 1.17 1.24 0.95 111 1.13 0.59 0.51 1.30 1.26 1.05 1.07 1.27
2002 | 0.73 0.63 1.25 1.33 0.96 1.13 1.19 0.60 0.52 1.44 1.32 111 1.09 1.34
2003 | 0.73 0.64 1.20 1.32 0.91 111 1.20 0.65 0.54 1.42 1.40 1.02 1.19 1.29
2004 | 0.73 0.63 1.23 1.28 0.96 1.09 1.18 0.65 0.53 1.47 1.40 1.06 1.19 1.25
growth

rate

p.a. - - 2.9 35 -0.5 1.13 2.3 - - 5.9 5 0.8 2.38 3.2

(%)
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Table 12: Average Malmquist Indices and their Decomposition (all relativeto 1996)

Model 2 (Revenue, incl. delivery)

Model 4 (Revenue, excl. delivery)

Year TE TE TFPC TEC TC PTEC scT TE TE TFPC TEC TC PTEC scT
(VRS) | (CRS) (VRS) | (CRS)

1996 | 0.66 0.52 1 1 1 1 1 0.60 0.44 1 1 1 1 1
1997 | 067 0.54 1.10 1.04 1.05 1.03 1.01 0.61 0.48 1.18 1.11 1.06 1.04 1.07
1998 | 0.69 0.59 1.18 1.18 1.01 1.08 1.09 0.66 0.55 1.27 1.34 0.96 1.18 1.16
1999 | 0.70 0.60 1.20 1.20 1.00 1.09 1.10 0.66 0.54 1.29 1.32 0.99 1.16 1.17
2000 | 0.73 0.65 1.26 1.32 0.95 1.17 1.14 0.67 0.57 1.33 1.38 0.97 1.21 1.22
2001 | 0.71 0.60 1.26 1.21 1.05 1.14 1.07 0.64 0.54 1.37 1.32 1.06 1.17 1.23
2002 | 071 0.61 1.31 1.25 1.05 1.15 1.11 0.63 0.55 1.46 1.38 1.07 1.15 1.32
2003 | 0.67 0.57 1.36 1.16 1.17 1.08 1.08 0.62 0.54 1.52 1.36 1.12 1.13 1.34
2004 | 0.67 0.57 1.36 1.14 1.20 1.06 1.08 0.62 0.53 1.55 1.35 1.16 1.12 1.31
growth - - 45 1.75 2.5 0.75 1 6.9 4.3 2 15 3.88

rate

p.a.

(%)
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