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Assessing water quality improvement schemes:
The multi-attribute technique of the UK’s environment agency
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The Environment Agency for England and Wales is required to take account of likely costs and benefits in carrying out its duties.
Given the complex nature of environmental problems, this task requires sensitivity to issues such as uncertainty, multiple objectives and
conflicting value systems. This paper describes a multi-attribute methodology used to carry out this duty in one area of the Agency’s work,
the regulation of the water industry. The method includes nine attributes measuring the benefits from water quality improvement schemes,
and one attribute measuring scheme costs. It is a workable method that clearly satisfies the requirements for the Environment Agency to
take account of the costs and benefits of its actions. Refinements are suggested to improve the individual attribute scores, the weights used

in prioritisation and the incorporation of costs.
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1. Background

The water industry in England & Wales is regulated by a
system of price controls. The economic regulator of the in-
dustry (OFWAT) reviews the controls every five years. Part
of that review process is determining the level of operating
and capital costs that the industry will face. In view of the
industry’s direct dependence on the environment, both as a
source of raw water, and as a destination for waste water and
sludge, environmental protection is a significant driver of
water industry costs. The Environment Agency is required
to judge a programme of expenditure on environmental im-
provements, as part of the review process.

Of itself, the environmental investment programme brings
the companies no financial benefit, as it does not increase
revenues or reduce costs. Therefore the costs of the invest-
ment have to be passed through to customers, via the price
control. The role of the Agency is to verify that the pro-
gramme is justified. Some of the expenditure is determined
by statutory considerations. For example, companies are
required to comply with legislation, such as the European
Bathing Waters Directive. The balance of the programme
is made up of projects driven by non-statutory social bene-
fits, such as enhanced recreation benefits to the general pub-
lic, or reduced stress on specific habitats. In those cases
the Agency is required to identify the relative benefits of
schemes. The role of OFWAT is to protect consumers and
as such they will evaluate the cost estimates of the com-
panies. While both OFWAT and the Agency are executive
regulators, both have networks of regionally based consul-
tative committees. These advise on issues of importance to
consumers, in the case of OFWAT, and the environment in
the case of the Agency. In a periodic review, the regulators
would consult both networks. The ultimate decision on the
programme is taken by the Secretary of State for Environ-

ment, Transport and the Regions (in England) and the Secre-
tary of State for Wales. Once the decision has been made to
proceed with a given project, the company’s environmental
licence for that activity will be amended, making it a licence
condition, with which the company must comply.

Choosing a method of analysis for the task of ranking
schemes by their relative merits raised a number of issues
for the Agency. Some of these were practical questions. The
scale was immense. Over 900 schemes had to be reviewed,
ranging in cost from a few thousand pounds to £70 million,
over a period of 9 months. This meant that the analysis could
not be exhaustive. Moreover the schemes tended to be lo-
cal in nature, requiring some substantial knowledge of lo-
cal conditions. Both these features meant that much of the
work had to be done by locally based staff, not technically
trained in sophisticated appraisal methods. There were also
theoretical questions raised. The benefits, and costs, of the
schemes affected different parties, and were measured in dif-
ferent units. Hence the analysis had to cope with questions
of equity of impact (both in terms of who pays for improve-
ments, and who benefits) and non-commensurability. The
Agency also has a duty to contribute to sustainable develop-
ment and so wished to look at the wider social issues and at
the longer-term impact of its actions.

Standard guidance in the UK suggests the use of cost-
benefit analysis for issues such as this, although the guid-
ance also makes reference to alternatives, such as cost-
effectiveness analysis (where targets are pre-determined)
and scoring and weighting (a simplified form of multi-
criteria analysis) [1]. For those schemes involving water
quantity (for example, restoring flows to rivers that ran low
in summer) there was an existing cost—benefit methodol-
ogy [3]. In any case such schemes were fewer in number.
For water quality schemes, there was also a cost-benefit
methodology available in a document called the FWR man-
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ual [5]. This was applied to a number of the larger schemes,
but it was thought impracticable to apply it to all schemes.
Hence the Agency opted to develop a multi-attribute ap-
proach.

2. Cost-benefit analysis

The fundamental elements of economic appraisal as ap-
plied to issues such as the environment, are opportunity cost
and externalities [11]. An opportunity cost is a measure of
the value of a resource foregone when it is used for a specific
purpose. In a market situation, this cost can be measured by
the market price. That is because markets allocate resources
in an economically “efficient” manner. However certain re-
sources are outside the market. Such resources, including
many environmental resources such as clean water, are said
to be external to the market. There are no market prices to
measure their opportunity cost.

Hence cost—benefit analysis looks to monetary valuation
to provide estimates of the opportunity costs of externalities.
The process of valuation makes a number of assumptions,
derived from expected utility theory. Values are given, in
that people know, or can establish, the value they have for a
resource. They have some stability, in that while they may
change over time, they will not do so in a random manner.
The value of a resource to society is the linear sum of the
value of that resource to individuals in that society [9].

Uncertainty over valuation is usually addressed by sen-
sitivity analysis, identifying those parameters to which the
decision is sensitive, and determining how it would change
if the parameters changed.

A frequent criticism with CBA approaches is that they
can be expensive to produce and to tailor to specific projects.
In the case of the water periodic review, with over 900
projects, this was a crucial consideration. The FWR man-
ual used a technique called “Benefit Transfer” to overcome
this problem. Benefit transfer takes values for environmental
goods or services derived from one study, to apply to rele-
vantly similar goods or services in another case. This allows
analysis to proceed without a tailor-made study. However
this approach is itself open to criticism, as it can be very dif-
ficult to justify transfers in specific cases. This can arise for
a number of reasons, including doubts about the validity of
the original values (which may be based on a single study
conducted many years previously) or because the attributes
in question are not relevantly similar to the attributes in the
original study.

3. Multi-attribute value theory

Multi-attribute value theory (MAVT) is the special branch
of utility theory [12] that can be used when a decision needs
to be made with multiple objectives but no uncertainty. Its
axioms are set out in Keeney and Raiffa [8], and a popular
but rigorous description is given in Watson and Buede [13].
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MAVT can be used by a single decision-maker in any cir-
cumstances where the options for action are well defined,
as are the attributes, or factors, which discriminate amongst
them. In its most general form, it asserts that each option can
be given a score on each attribute and that a value function
can be constructed so that the option with the most preferred
set of scores has the highest value.

Applications to US child development research pro-
grams [2], the Mexican electricity system [10], and UK en-
ergy policy [7], amongst many others, show that the tech-
nique can be useful for public policy decision making in elu-
cidating issues and in helping identify the implications and
trade-offs involved in pursuing different options.

Applying MAVT in its most general form can be a very
taxing exercise. The comparisons needed to obtain the value
function can be no easier than completely enumerating the
set of options. Fortunately there are simplifications that can
lead to special forms of the value function that are easier to
work with. It is these simplified forms that are most often
used in practice.

By far the most common form is the linear additive value
function. In this form, a value function is constructed for
each attribute separately. The overall value of an option is
then the sum of its value on each attribute, multiplied by a
weight representing the importance of the attribute [13].

It is not certain that a linear additive value function will
be appropriate in every case. In fact, the theory behind
MAVT tells us that it will only be appropriate if the decision-
maker’s preference structure exhibits a particular character-
istic called mutual preference independence. A pair of at-
tributes is said to be preference independent of all the other
attributes if preferences between different combinations of
levels of these two attributes, with all other attributes being
held at constant values, do not depend on what those con-
stant values are. The whole set of attributes is said to show
mutual preference independence if all pairs of attributes are
preference independent of all the others [13, p. 26]. This is
similar to the requirement in cost-benefit analysis for the
goods or services in question to be mutually exclusive.

Mutual preference independence is something that can be
tested with a decision-maker in any particular case, although
in practice it is often just assumed to exist. If it is not satis-
fied, then more complicated value functions than the linear
additive one can be used. It is worth noticing in passing that
cost-benefit analysis, by its use of money as a common nu-
meraire, is constrained to use a linear additive value function
in all cases.

4. A multi-attribute technique for water quality
improvements

The multi attribute based methodology used by the En-
vironment Agency in assessing the benefits of surface water
quality improvements as part of the third Periodic Review
was a linear additive form of MAVT (with mutual prefer-
ence independence assumed), with the ten attributes shown
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Table 1
The ten attributes of water quality im-
provement schemes.

Informal recreation

Coarse angling

Salmonid angling

In-stream recreation

Agriculture

Industrial abstractions

Drinking water supply abstractions
Amenity value

Nature conservation

Scheme costs

in table 1 [4]. Nine of the attributes measure benefits that
are expected as a result of the scheme, while the tenth is the
cost of the scheme. These attributes were chosen to cover the
whole range of water quality concerns while being as consis-
tent as possible with an earlier FWR assessment method [5].

The methodology was used to assist in screening, rank-
ing, prioritising and justifying proposed schemes for sub-
mission as part of the discretionary expenditure. Initially it
was intended merely to rank schemes on environmental cri-
teria alone, for use in a cost—effectiveness framework. For
any given budget constraint (set in the periodic review) this
would give a ranked list of projects for each company, with
projects proceeding until the budget constraint was used up.
However it was decided to add the tenth attribute, scheme
costs, to enable a comparison between costs and benefits.

The value functions for some of the attributes were quite
complex. For instance, for informal recreation the value
function included scores for the length of the river, the qual-
ity of access, the potential for visitors, the improvement in
water quality, and the improvement in aesthetic quality.

Detailed guidance was given describing how each of
these scores could vary between 1 and 5 (for instance, for
quality of access, a score of 1 was given if less than 10% of
the river length was accessible, a score of 3 if between 10
and 30% was accessible, and a score of 5 if more than 30%
was accessible). The 1 to 5 scoring system was adopted to
avoid overly complex and time consuming scoring require-
ments that might have resulted from using the more common
0 to 100 scale. The scores were combined together using the
formula:

(Length x access x visitor potential) x (improvement in

water quality + improvement in aesthetics) = benefit.

The maximum potential benefit score for a scheme on this
attribute is (5 x 5 x 5) x (5§ +5) = 1250. So the benefit
score for each scheme on this attribute was normalized by
dividing by 1250 and multiplying by 100. The basic idea is
that on each attribute the best possible scheme could get a
score of 100, and the worst a score of zero.

To be consistent with the underlying theory, an interme-
diate scheme with a score of 50 on this attribute must be
exactly half as preferred as the best possible scheme — in
the sense that if there were a choice between carrying out
two schemes with a score of 50 or one scheme with a score

of 100, the decision-maker would be indifferent as to which
was chosen.

For scheme costs, the same basic idea applied, but re-
versed, so that the scheme with the highest cost was given a
score of —100 and a scheme with no cost would have scored
Zero.

Experts in the Environment Agency regional offices pro-
vided scores for each of the 900 schemes on each of the com-
ponents that made up the nine benefit attributes. Costs were
derived from the Water Companies’ costs estimates, as sub-
mitted to OFWAT.

To provide an aggregated assessment of each scheme,
weights were required to reflect the relative importance of
the attributes. It was appreciated from the start that different
stakeholders would be likely to have different views about
this. So several sets of weights were collected during re-
gional focus groups, using a combined ranking and swing
weighting procedure [13, p. 201]. No attempt was made to
force a consensus amongst the participants.

A more informal procedure was also used to collect ap-
proximate importance weights from the Agency’s Regional
Environmental Protection Advisory Committee (REPAC)
members.

The weights were used in two ways:

The first approach was to aggregate across all impact cat-
egories, including costs, to develop an overall measure of
net worth. The most expensive scheme (which had a cost
of £70 million) was given a costs score of —100, and each
focus group participant was asked to provide a swing weight
for the attribute “scheme costs” which took this information
into account. Any scheme with a cost of £c¢ million was
given a score of —100 x ¢/70. The results provide an indi-
cation of whether or not a scheme is worthwhile if there is
no budget constraint.

The second approach was to aggregate only the nine en-
vironmental benefit scores, excluding scheme costs. This
measure of net environmental benefit could then be divided
by a measure of scheme costs to prioritise schemes on the
basis of benefits per unit of expenditure.

When carrying out the first approach, the weights from
the focus groups were used to generate three lists of
schemes:

List A: Schemes with a positive net worth no matter whose
weights were adopted;

List B: Schemes with a positive net worth using some par-
ticipants’ weights, but a negative net worth using

others;

List C: Schemes with a negative net worth no matter whose

weights were adopted.

Within each of these lists, the second approach was used
to prioritise the schemes. A single set of weights had to be
used for this, and those developed through consultation with
the REPACs were chosen.

Within the second approach, the scheme costs were also
not expressed in monetary terms, but as a roughly geometric
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Table 2
Scores for scheme costs used in
the prioritisation.

Scheme cost (£) Score
<20k 10
<50k 20
<125k 30
<300k 40
<750k 50
<1.8m 60
<4.5m 70
<1lm 80
<27m 90
<70m 100

score as shown in table 2. The adoption of the 1-5 scoring
system for benefits placed a limit on the maximum benefit
that any scheme could achieve. Scheme costs in monetary
terms are not limited in the same manner, so the geometric
cost score was adopted to avoid penalising large schemes
relative to small ones.

The three ranked lists were then combined to provide a
long list of schemes that was given a final review, with some
limited re-ordering to include any local factors not included
in the attributes, and then submitted to the Secretary of State
for consideration.

5. Lessons from the case study

The MAVT technique used by the Environment Agency
clearly satisfied the requirements for it to take account of the
costs and benefits of its actions. As constructed, it enable
the Agency to identify both costs and benefits, and to make
a basic estimate of the relative trade-offs.

The use of carefully elicited swing weights from focus
groups marked a clear step forward from the reliance on ex-
perts, or on more vaguely defined importance weights, as
criticised by Helm [6]. The application of a range of weights,
rather than a single aggregated set, did ensure that a range of
stakeholder concerns were taken seriously into account.

Having said this, the technique as finally applied by the
Environment Agency differed in several ways from a “text-
book” MAVT application. The Agency’s need to deal with
the evaluation of a wide range of projects, within a limited
timescale, meant in effect that it was constrained to develop
and pilot a technique simultaneously. This means that the de-
tails of the technique did not reflect either the state of the art,
nor all the core tenets of MAVT. Even at the time of devel-
opment, it was evident that assumptions were being made in
order to deliver the basics, which meant that the final product
is still in need of considerable refinement.

5.1. Individual attribute scores

It is not possible to be confident that the value functions
conform to one of the basic axioms of the theory: that equal
increments in the scores represent equal increases in per-
ceived worth.

At the start of the project, the Agency was particularly
keen to maintain a link with previous work in this field, the
FWR manual. In order to maintain this link it had to make
the value functions in the MAVT approach reflect the un-
derlying functions in the FWR manual. This has led to very
complex forms for the value functions, making it particularly
difficult to check them against this axiom.

For instance, with the informal recreation attribute dis-
cussed above, a maximum score of 100 would be obtained
by a scheme:

e affecting more than 30 km of river,
e with more than 30% of its length accessible,

e with a population of more than 50,000 within 3 km of the
river and few alternative recreational sites,

e giving an improvement in water quality of more than 1
class, and

e animprovement in aesthetic quality from grade 4 to grade
3 or better.

A score of 50 could be obtained by a scheme affecting
the same stretch of river, but only improving the water qual-
ity from the bottom of a class to the top of the same class,
and improving the aesthetic quality from grade 3 to grade
2 or better. Or it could be obtained by a scheme giving the
same improvement in water quality and aesthetics, but only
affecting between 15 and 30 km of river with between 10 and
30% of its length accessible and the same visitor potential.

It is actually very hard to say whether the two schemes
with a score of 50 do indeed have the same informal recre-
ation benefit as each other. Or whether the scheme with a
score of 100 gives double that informal recreation benefit.
Yet this is what is required for the axioms of the technique
to be obeyed.

Further research may be needed to evaluate this, and to
see if the earlier, cost—benefit, work suffers from the same
problem. Without this research, one cannot judge whether
this led to over- or under-estimates of value.

5.2. Weights used in prioritisation

The use of REPAC weights in the final prioritisation stage
was justified by the Agency as respecting the consultation
mechanisms defined for it by statute, as opposed to the more
informal, if more rigorous, forms of consultation with the fo-
cus groups. However, the method of elicitation used with the
REPAC:s did not follow the same rigorous procedures used
with the focus groups, and was not as clearly documented.
This makes it difficult to test whether the weights obtained
are consistent with those that would have been obtained with
the rather rigorous procedures needed to obtain the swing
weights as required by the theory.

Again it is difficult to judge the implications of this. On
the one hand, the outcome may be no worse than using cost—
benefit values derived from a benefits transfer model. How-
ever equally, it would be preferable to have the assurance of
the rigour of the focus group process.



C. Hope, R. Palmer / Multi-attribute technique for assessing water quality 223

5.3. Incorporation of costs

In creating the three lists of schemes, the scheme costs
were included in a straightforward and theoretically defen-
sible way: the disbenefit of scheme cost was assumed to be
linear with the cost incurred. This would seem to be a rea-
sonable assumption for public works schemes of such a rela-
tively small size compared to the overall investment budgets
of either the water companies or the government.

The information contained in the lists of schemes was
potentially very powerful. The schemes on list A provided
benefits in excess of their costs, for every set of weights pro-
vided by a focus group member. If list A were too long to
be approved all at once, it would seem that this should have
given a clear indication for increasing the budget for such
discretionary schemes as soon as possible.

However, with the budget for the schemes already agreed,
it was necessary to find some way of prioritising so that a
shorter list of schemes could be sent for immediate approval.
Again, the overall procedure of ordering the schemes by net
environmental benefit per unit cost was a sensible way of
allocating a scarce budget.

But the detail of dividing not by the actual cost, but by a
score based in a very non-linear way upon the cost, is ques-
tionable. For it to be correct, the scores shown in table 2
above must satisfy the usual MAVT requirement that equal
increments imply equal changes in worth. In other words,
it must be just as bad to go from a scheme costing nothing
to one costing between £300k and £750k, as it is to go from
a scheme costing between £300k and £750k to one costing
between £27 million and £70 million. It is only necessary to
observe that the latter scheme costs at least 36 times as much
as the former to see how unlikely it is for this to be true.

The justification given for adopting this procedure was
that the scoring method limits the maximum value of ben-
efits that any scheme can achieve, so large schemes are pe-
nalised relative to smaller schemes. In order to overcome
this, it is necessary to penalise small schemes when it comes
to the consideration of costs.

Ideally this would be corrected by changing the benefit
scores. If the technique was not giving adequate recognition
of the benefits of large schemes, then it is not complying
with the underlying theory, and the benefit scores should be
extended to allow the large schemes to get full credit for the
improvements they bring. The solution adopted was clearly
a second best option, driven in part by time pressure, and
by the belief that, as a similar adjustment would be needed
for all benefits, the final outcome would be mathematically
the same. This ad hoc adjustment is rather like saying that
because you know your car’s accelerator is faulty, you are
always going to drive with the brake on. A better remedy
might be to fix the accelerator! Clearly future applications
need to take account of scheme size, or of distribution of
schemes, more explicitly.

In practice, the final decisions did not hinge on the rel-
ative benefits, as to a large extent, the proposals made by

the Agency were accepted in full at aggregate level by the
Secretary of State.

6. Next steps

The MAVT approach proved to be workable in practice,
but requires substantial development for future use. These
developments should address a number of areas:

e The theoretical issues highlighted above, in particular
simplifying the value functions, and ensuring that they
comply with the underlying theory.

e The difficulties with scheme size & distribution of ben-
efits must be addressed explicitly, and the way in which
schemes are scored must be changed to do this.

e Include other disbenefits (e.g., noise, energy use by plant,
etc.) as well as the costs of the scheme. This is easy to
do in principle with a multi-attribute approach.

e Establish a link with sustainable development as the over-
all objective.

e Emphasise net worth including costs rather than cost—
effectiveness, reflecting a move towards first-best rather
than second-best assessment.

e Collect more representative sets of weights, either by us-
ing specially constituted focus groups, or by a revised
process of using the REPACs, possibly combining them
with a wider cross-section of the population.

e Cross-check the results with the results of the most recent
contingent valuation exercises.
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