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The art of noise: recent regulatory
developments in measuring efficiency
There is significant uncertainty, or ‘noise’, involved in estimating the potential for improving
efficiency. However, it is unclear whether the approaches taken by regulators fully take this into
account. Alan Horncastle, Managing Consultant at Oxera, examines this issue with particular
reference to the UK postal industry, and considers the implications for other regulated
industries including water and electricity

In a competitive market, firms face an incentive to
operate efficiently and pass on any enhancements in
efficiency to consumers in the form of lower prices (or an
improved price/quality or price/quantity trade-off). When
setting price controls, regulators aim to mimic this
incentive and outcome by basing the price control, in
part, on projected efficiency improvements through the
use of comparative efficiency analysis.

In undertaking this assessment, however, most
regulators tend to err on the side of conservative
efficiency estimates (ie, setting a cost efficiency target
that is 'easier' than what is considered achievable). This
is for two reasons.

- To make outperformance of the efficiency targets an
achievable outcome for regulated business, thereby
creating a positive inducement to beat the target. In
the water industry in England and Wales, the setting
of the initial cost efficiency target is said to provide the
'stick' to promote efficiency. The target being explicitly
set at an ‘easier’ level than the modelled efficiency
level, providing the potential for beating this target and
earning short-term excess returns, is referred to as
the 'carrot'.

- To account for the inherent uncertainties that exist
when estimating the potential for future efficiency
improvements.

These aspects of efficiency analysis are captured in
Figure 1. While the target cost level is lower than the
current cost level, providing the 'stick' to realise efficiency
improvements, it is higher than the modelled efficient

cost level, providing a carrot and taking account of
modelling uncertainty. 

However, the typical approach taken by UK regulators to
address modelling uncertainty (box (b) in Figure 1)
consists of a series of rather ad hoc adjustments. This
article looks at an alternative, econometric approach to
this issue. Stochastic frontier analysis (SFA) is an
econometric technique which explicitly attempts to
quantify the uncertainty, or noise,1 present in the
modelling. 

The analysis presented suggests that there is a risk that
the potentially more subjective approaches adopted by
regulators may not take sufficient account of modelling
uncertainty (ie, regulators may be overestimating the
potential for the regulated companies to catch up to best
practice). For example, it provides a preliminary
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Figure 1 Setting cost reduction targets

Elements of this article are based on Horncastle, A., Jevons, D., Dudley, P. and Thanassoulis, E. (2006), 'Efficiency Analysis of Delivery Offices
in the Postal Sector Using Stochastic Frontier and Data Envelopment Analyses', in M.A. Crew and P.R. Kleindorfer, Liberalization of the Postal
and Delivery Sector, Edward Elgar: Cheltenham, forthcoming.
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indication that Ofwat's 'carrots' may to some extent,
simply represent modelling uncertainty.2

A more significant risk is that, even with carrots and
adjustment for uncertainty, the uncertainty involved may
actually outweigh both adjustments by the regulator such
that the efficiency target may be unattainable. In such
circumstances, companies could underperform or may
be perceived to outperform but at the expense of hidden
long-term service problems.  

SFA: a case study
Dataset
This issue is assessed with particular reference to the
UK postal industry. Specifically, the results of the
application of SFA to data on Royal Mail's delivery offices
is examined.3 The analysis uses Royal Mail data for a
single year (2003/04) of delivery office labour costs and
includes a wide range of potential labour cost drivers.
(Delivery offices undertake the final sortation of mail and
the delivery of that mail to the final recipient.) The
dataset for delivery offices is relatively large for an
efficiency analysis study of a UK regulated industry—
after removing outliers, the number of delivery offices
that could be analysed was 1,108. The cost data relates
to total labour costs, which represent the overwhelming
proportion of costs in delivery offices, of over £1.8 billion.

Modelling approach
Comparative efficiency modelling involves an attempt to
explain the variation in costs across business units. This
is achieved by using econometric techniques to estimate
a cost function, whereby a business unit's costs are
described as a function of a number of explanatory
factors. Under conventional approaches (eg, corrected
ordinary least squares, COLS), the difference between
actual costs and those that can be explained by the cost
drivers is assumed to represent inefficiency.  

The key advantage of SFA is that it is an econometric
approach that separates estimates of inefficiency from
estimates of noise. However, it also has a number of

disadvantages in that it requires additional assumptions
to be made, a large dataset, and (as with all econometric
approaches) the use of the correct functional form. Of
these disadvantages, the need for a large number of
observations is often considered to be the main
stumbling block in the application of the approach in the
UK regulated sectors. However, such a position can be
relatively easily rectified by using either sub-company
data—such as that used in Royal Mail's case in the
results presented below, and as also used by Ofwat in
the modelling of sewerage services (and currently being
considered for water services)—or panel data, whereby
cross-sectional data is collated for a number of years, as
is currently used in the modelling by Ofcom (the UK
communications regulator) of BT and the US local
exchange carriers.  

The box above provides further technical details of the
approach.

What is the appropriate cost
function?
As with other econometric methods, the application of
SFA requires an assumption of a particular functional
form for the cost function. The box below provides
further technical details.

Stochastic frontier analysis

For the SFA analysis, the standard cost function can be
defined as:

C = f(w,Y,Z)exp(u+v)

where C is the cost; Y is the set of output variables; Z is
the set of contextual factors reflecting the environment of
each delivery office; and w is the vector of input prices. 

The model estimates the parameters for w, Y and Z.
f(w,Y,Z)exp(v) is the estimated efficient cost after noise
(exp(v)) is taken into account. Exp(u) reflects the level of
inefficiency of a delivery office. v is typically assumed to

be normally distributed about zero and may therefore take
positive or negative values, while u is typically assumed to
follow distributional assumptions that take only positive
values.

To separate noise from inefficiency in the model, typically
one of a number of possible distributional assumptions on
u is made. 

SFA enables the testing of whether the split between noise
(v) and inefficiency (u) is statistically supported for each of
the distributions.

The cost function

The functional form represents the assumed relationship
between the costs and the cost drivers. The simplest form
is a linear model, although the variables are often logged
first to create a log linear model. The analysis used here
is based on the Cobb-Douglas and translog functional
forms. 

Cobb-Douglas model:

Log(C) = αα0+ααYlog(Y)+ ααZlog(Z) + ααwlog(w)

Translog model:

Log(C) = αα0 + ααYlog(Y) + ααZlog(Z) + ααwlog(w) + 1/2 
[ααYY(log(Y))2 + ααZZ(log(Z))2 + ααww(log(w))2] + ααYZ
log(Y) log(Z) + ααYw log(Y) log(w) + ααZw log(Z) log(w)
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The first thing to note is that, in general, the more flexible
functional form, the translog model, is not used by other
UK regulators (due in part to a lack of data). However,
the Cobb-Douglas function is rather restrictive, primarily
because it limits economies of scale to be of one kind
only—economies, diseconomies or constant—
irrespective of scale size of the unit (eg, delivery office).
The more flexible cost function, the translog, allows for a
more accurate approximation of the unknown frontier
function, permitting varying returns to scale with scale
size and mix of output values. In other words, at certain
sizes of unit—in this case delivery offices—it may be the
case that there are economies of scale present and that
unit costs would decrease as size increases. However, at
a different (probably higher) size of delivery office, it may
be the case that there are diseconomies of scale. This
possibility could be captured if a translog functional form
is used, but not if a Cobb-Douglas form was assumed.   

It is possible to test whether the translog or the Cobb-
Douglas provides a better fit of the data. In this example,
statistical tests showed that the translog model was
preferable. 

Modelling results
The statistical tests indicated that the difference between
a unit’s performance and the frontier could (and should)
be decomposed into an inefficiency component and a
noise component—ie, it was possible to distinguish noise
from genuine inefficiency.4 In contrast, using COLS would
have attributed all of the gap to inefficiency and
estimated inefficiencies of over 30%. Depending on the
assumption for the distribution of the inefficiency
component, using SFA, the estimated inefficiency in the
Royal Mail case was:

– between 9% and 13% of observed labour costs, using
the Cobb-Douglas model; 

– between 8% and 11% of observed labour costs, using
the translog model.

Comparisons with approaches
undertaken in other sectors
Estimation of the efficiency frontier for delivery offices in
2003/04 using SFA leads to the identification of a
significant attribution of the variation in costs to noise,

and not just inefficiency, and confirmation that it is an
approach that is preferred statistically to any form of
adjusted COLS.

As discussed above, rather than use an econometric
technique such as SFA to account for this issue, other
UK regulators (eg, Ofwat and Ofgem, the GB energy
regulator) have tended to continue to use COLS, taking
a variety of more subjective, or ad hoc, approaches to
deal with the problem of noise.

In this context, the SFA results presented above provide
a 'litmus test' of the validity of these ad hoc adjustments.
Table 1 indicates the extent to which the inefficiency
estimates derived for Royal Mail using SFA would have
differed had COLS been used along with these ad hoc
adjustments. Here the contrast is with the entirety of the
regulators’ adjustments, regardless of whether they
relate to a carrot or an explicit adjustment for noise. 

The table indicates how, compared with the estimated
inefficiency from the SFA, additional inefficiency would
be estimated under the approaches taken by Ofgem and
Ofwat. 

– Not using the translog functional form would add
another 1% to the estimated inefficiency. That is, in
the case of Royal Mail's dataset, using the Cobb-
Douglas model results in incorrectly attributing at least
1% of costs to inefficiency when, in fact, they are due
to using the incorrect functional form specification. 

– Using Ofwat's ad hoc adjustments (both for noise and
the supposed 'carrot') to the COLS results would
suggest that Royal Mail was 3% more inefficient than
the SFA analysis suggests.5

– Using Ofgem’s ad hoc adjustments from the 1999
distribution price control review (DPCR3) would add
up to 14% to the estimated inefficiency. (At DPCR3,
Ofgem used a 75% catch-up assumption to the
frontier.)

– Using Ofgem’s approach from DPCR4 (2004) would
add up to 5% to Royal Mail's estimated inefficiency.
(At DPCR4, Ofgem used the upper-quartile company
as the benchmark.)

Table 1 Royal Mail inefficiency estimates: differences between SFA and Ofgem/Ofwat regulatory approaches to 
dealing with noise (%)

Issue Ofwat approach Ofgem DPCR3 approach Ofgem DPCR4 approach

Functional form 1 1 1

Noise Up to 3 Up to 14 Up to 5

Note: The comparisons do not account for the use of special factors by the regulators (which are significant in the case of Ofwat's approach).
Source: Oxera analysis.



The art of noise: regulatory developments in measuring efficiency

Oxera Agenda 4 October 2006

While these results do not necessarily indicate that
Ofwat and Ofgem are overestimating the potential for the
regulated companies to catch up to best practice (given
that the analysis has not been undertaken on the water
or electricity datasets), they do indicate that there could
be a significant potential to do so. They also indicate that
the 'carrots', as defined by Ofwat, may, to a large
degree, simply represent modelling uncertainty.

Going forward, it is important that the regulators and
companies examine this issue. Indeed, a review of the
approach to comparative efficiency is currently being
undertaken within the water industry, and the use of SFA
may be one of the approaches examined.

Alan Horncastle

1 In this context, noise takes the form of data measurement errors and the omission of important explanatory factors of the variations in costs.
With regard to the latter element, Ofwat (the water industry regulator in England and Wales) attempts to account for the omission of important
explanatory factors through the use of special factors (such as high wages in the south-east of England), which companies submit to the
regulator in an attempt to explain some of the modelled inefficiency.
2 The analysis does not show that this is the case since the modelling has been undertaken for the postal sector only.
3 SFA was one of several approaches examined during the review of Royal Mail's price control for 2006–10.
4 In the event that SFA cannot distinguish noise from inefficiency, it reduces to ordinary least squares (OLS) regression, which attributes all
deviations between observed and estimated costs to noise. See Kumbhakar, S.C. and Knox Lovell, C.A. (2000), Stochastic Frontier Analysis,
Cambridge University Press.
5 The comparison is between SFA and Ofwat's 10% adjustment to the residuals to account for noise, not using the frontier company as the
benchmark if it is small, but instead moving down the rankings until the group of companies at or near the frontier account for more than around
3% of turnover, and using a 60% catch-up target. It does not account for Ofwat's use of special factors.
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