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Abstract

During the last tew years, the introduction of mandatary
leakage targets for UK water companies has had the
positive effect of reducing levels of leakage, while
reguiring the comparnies to operate at an econamic leveal
of leakage. Unfortunately, the determination of company-
spacific economic levels of leakage have been a sourca
of disagreement between the water companies and the
Governmeant, with the Government view that water com-
paries are nol using the true long-term marginal costs
of water abstraction. and therefore are not sateguarding
the anvironment

This paper (a) reviews the madel which was used 1o
define the sconomic level of leakage, (b) argues the
case for resource management based an the impact ot
water abstractions on the socio-environmental quality of
a rezource rathar than the myopic focus on leakage
reductions, (¢} presents the concepts of effectiveness
and efficiency in relation 10 socic-environmental quality,
and (d| proposes a new methodology which allows the
determination of water abstraction rates while maintain-
ing a desired level of sacig-environmental guality

Key words Leakage; socio-economic geality; supply/demand
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Introduction

The drought of 1995-86 was one of the worst ever experisncec
in England and Wales, and became the catalyst for the subse-
quent drive to reduce levels of leakage in the UK. Inguiries inte
the water companes” handling of the drought had led 1o theii
perfarmance being scrutimised more closely in the areas ol
supply and conservation measures, The presence of higk
water l0sses in supply infrastructures across the UK suggesten
thal waler companies were not operating at ecanomic levels ol
lpakage. The Government's response was the intraduction al
mandatory leakage targets. and these have had the desired
effect of forcing positive change withn the UK water industry
{Table 1}.

Table 1. Actual and fargel leakage levels for water
companies in England ang Wales' ™4

Water compaiy 1996-97 | 1997-98 | 199809 | 1903-99
Actual | Actual Actual | Tarpat

( feakage | leakage | leakage | leakage

(Ml (ML (Mi/d) \MEid)
1 Anglan 236 215 m 205
2 Dwr Cymry KL 329 306 | 308
3 North \West G466 579 510 515
4 Northumbrian [ 182 | 184 171 | 17
5 Severn Trent 474 Kl 344 348
6 South West 129 1 92 95
7 Southern 113 &4 a5 45
B Thamas 1083 906 77 781
0 Wessex 129 10 e ! 103
10 Yorkshire 420 368 333 363
11 Bournamaouth and 28 26 26 24

West Hampsnilre

12 Bristol 5 54 h6 a7
13 Cambridga 16 14 13 15
14 Dea Valley 13 12 12 12
15 Essax and Sulfolk 85 &2 7B it
16 Foikestone and Dover | 1% q g 9
17 Hartlepool & b 5 5
18 Mid Kent 38 i o | a0
19 Korth Surray 7 24 w 24
20 Porsmautn an | 32 3 n
21 South East % — — 86
22 South Statordshire 50 a2 7 a0
23 Sutton and East Surrgy 27 7B 58 25
24 Tendring Hundred fi B 6. | 6
25 Three Vallevs 172 148 135 136
26 York 10 g 9 9

ft.B. For Bouth East Water: OFWAT doas not consider water-balance
figures to be robust, hence their omissicn

The mandatory leakage targets imposed by the Office of
Water Services (OFWAT) are based an company-specific eco-
nimig levels ol leakage, and water companies are obliged to
undertake robust analyses to determine these respective
levels. However, the actual target imposed by OFWAT might
differ from the level which is identified by a water company if
the raview process finds that the analysis is not sufficiently
robust. Companies exhibiting high leakage levels and stringent
water resource/supply provisions are expecied to achisve
greater leakage reductions, thereby improving their future
supply/demand balance'®,

For the 1999 periodic review, many of the water com-
panies established sufficientty robust methodologies. Never-
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theless. OFWAT still decreased the targets of some of the water
companies on the basis of the quality of the analyses used. and
how the targets proposed by the water companies compared
to the targets derved by OFWAT Mare importantly, where
calculations suggested that leakage lavels could increase. such
relaxations of leakage targets were discounted. The rejection of
any \ncrease in leakage levels followed fram the ministerial
guidance to the Director General of Water Services and fo the
Environment Agency on the issue of leakage. Specifically. the
Mirister viewed any increase in leakage levels as ‘whally
Inappropriate . . with all the unnecessary burdens that leakage
Imposes on the water environment™, This disagraement
points to a fundamental differance in how the socig-environ-
mental costs of leakage are defined and determined. These
tensions are primarily due to the fact that water COMpPanies
must operate al {or at least near) the economic level of leakage,
while regulatory bodies such as the Environment Agency must
Ensure the proper use of water resaurces. and protect and
enhance the environment

Economic Level of Leakage

Leakage and waler |osses throughout a water-supply system
represent a waste of resources, as measured by (1) the water
resaurces unnecessarily extracted from the environment. and
(1) the resources needed to treat and transport the volume of
water wasted. The economic costs associated with water
105565 can be grouped into the costs of lzakage and the costs
of leakage management. The cost of leq kage refers to the costs
of actually producing water of an acceptable guality, and ot
delvering 1hs water to consumers. As the level of leakage in
the supply system increases, these Ieakage costs increase due
to the need to provide excess Capacity o gnsure that water
gemands are still met, and the operational costs of treating and
transporting these water losses within the system Beductions
i leakage allow further capital investment to be deferred. as
welt as reducing current operational gxpenditure® On the
other hand. the costs of leakage management decrease with
increasing levels of leakage, Maintaiming low leakage levels
wlhin a supply system requires investment 1o rehabilitate or
replace ageing infrastructure. and 1o detsct and arrest leaks,
The result is the well-knowa u-shaped tatal cost curve depicted
in Fig. 1. High leakage levels are undesirable due to the high
investments needed to provide excess capacity within the
supply system. while low leakage levels are also uneconamical
due to the escalating costs of arresting ever-smaller leaks
within the system.

The economic level of leakage can be defined as the
leakage level where the total costs (i.e. leakage costs plus costs
of leakage management — depicted by the dashed lines in
Fig. 1) are minimised, This aptimal leakage level, L, is defined
as the level of leakage where the marginal cost of leakage is
eual to the marginal cost of leakage management. Ideally, this
calculation should reflect the regional tactors under which the
water-supply systam must operate®  Furthermare, there is
wide-spread recagrition within the UK water industry that
water abstractions (and hence water leakage) incur socio-
environmental costs. which must be incorporated in the
calculatian of the economic level of leakage. The introduction
of socio-environmental costs causes a shift in the economic
level of leakage (depicted by the solid lines in Fig. 1) to a new
and lower optimal level of leakage, Le*.

A significant ditficubty with the identificatian of the SQCID-
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Fig. 1 Defining economic level of leakage

emvironmental level of leakage, Le*, is that the socio-enviran-
mental costs of leakage are difficult to guantify, & number of
techniques have been developed to quantify these cosis'’!, but
each remains an imperfect surrogate of the value of the water
resources beng wasted It the water resources are scarce
refative to the demand for these resources. it is possible fo
dssign an econamic value to the water Insses carrespanding to
the price which other users would be willing to pay for the
water, However, when the value of the water 850UrCEs is
derved from non-manetary and non-use benefits [(such as
enhanced social and environmental qualities), the develop-
ment of suitable madels to quantity these benefits becomes
much mare ditficult and remains open to criticism, This has led
1o disagreements between OFWAT and the water utilities )
anpropriate leakage targets due to the sensitivity of these
targets to the enviranmental and societal cost figures used,

Quality of Water Enviranment

The perceived need ta reduce leakage levels is based {toa large
extent] on the philosophy that water FEOresents a resource
which s ¢ntical for maintaining the integrity of the natural
environment, and must be managed to safeguard the interests
af society, both now and in the future. Losses within waler-
Supply systems must therefore be minimised in order to
pratect these socic-enviranmental benefits. The semting of
leakage largets is then seen as a necessary mechanism to
dchieve such waste minimisation. However reduction af
leakage is not the goal in itsell it is anly a mechanism 19
achieve a desired level of socin-enviranmental quality (SEQ)
and  long-term sustainability.  This would suggest that
methadologies which are aimed at protecting the environment
ant the interests of socety should start fram an exarmination
of the socio-environmental status and quality of the waler
resource itself, rather than leakage,

In order to develop the argument against leakage targets,
it might be useful 1o start with an idealised scenario whare a
single ulility supplies water to 3 single urban centre using the
avatlablz water resource from a nearby river. Water supplies
are conveyed via an old distnbution system exhibiting high
levels of leakage. However, the total water ab straction from the
river only represents a small fraction of the total flow — even at
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times of low flow, In these circumstances, a socio-environ-
mental impact assessment of this abstraction regime would
rzvedl that the SEQ of the river (defined in a holistic SENSe) is
not adversely affected by the abstraction The natural environ-
mant 15 resilient enough and absarbs the slight change in the
nver discharges without loss of habitat ar environmantal
wallty Similarly, the level of abstraction does not affect the
societal benefits derived from the river The SEQ of the watar
esource (the river) remains unaffected by the hugh levels of
leakage. O even areater imporiance is the fact that reductions
i these leakage levels will not generate improvements in the
\atural environment. On he other hand. the implementation of
dctive leakage management stralegies, aimed al driving down
ire high losses in the supply system, might have a significant
negative impact on the wider environment The resource
iequirements might. in fact exert greater pressure on 1he
erviranment and resuit in unsustainable management prac-
hizes

It 1s acknowledged that the above scenarig is highly
idealised, and that few water-abstraction schemes exhbit such
nsignificant socio-environmental Impacts, The mare likaly
siluation |s that the SEQ of a water resaurce will decrease with
mcreasing levels of abstraction. The actual rate af cegradalion
wnll be site specific, but might be expected to follow a reldation-
sMp similar to curve PO in Fig, 2. 1t must be noted that the SEQ
of the resource Is not simply a function of watar abstractions
but that many cther tactors can influence hoth the parceived
4 the actual quality of a water ecosystemn. Thergfore, the SEQ
0l a water resource can he anvwhere below curve PQ 1or a
given level af abstraction, Curve PO can then be interpreted a5
4 technological frontier where the level of SEQ (at a given
abstraction rate) corresponds to the highest level achievable
with the current technology (defined as hath physical and
managenal technologies), Al water users of the resource
should then strive to ensure that their agtivities yield such "hest
Practice’. therey maintaining their position an ar pear the
‘schnalogical frontier However, even when the water LSers
EXRICISE SUCh Dest practices, it may be NECESSAry to reduce
“ater abstractions to ensure that the desired level of SEQ is
maintained for the water resource. Water losses then become
obvious targets for water-efliciency programmes.

AN impartant point which must be rased COncerning
Fio. 2 s that the leyal of abstraction. L reprasents the 1otal
vater cansumed by all users of the water resource. It wouid ba
nawe 1o suggest that water wastage is exclusive o water-
sUDply companies. or that leakage levels in water-tistribution
systems incur disproportionate SEQ degradations compared
o other water users. For example, agricultural irrigation
sthemes typically have refatively poor convevance and field
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Fig. 2. Relationship between SEQ and water abstraction
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efficiencies, In faci, many irngation schemes require excess
water applications to ensure that sail degradation does not
accur'®. The return flows, if untreated, could then TEpresent a
grealer threat to the water environment than the losses of high-
guality drinking waters

fgnonng the complexities which are intfroduced by
multiple users and their associated angregate water losses, the
relationship between the level of SEQ and the level of
abstraction can be used ta establish anproprizte management
targets. With the sole user of 2 given water resource heing the
water-supply company, increasing lavels of lzakage (and hence
INCreasing abstraction rates) in the supply system result in
degradations in the socio-enviranmental auality of the sourge,
Conversely, any reductions in leakage provide improvements
to the natural enviranment as measureq by the SEQ scale.
Such shifts in levels of SEQ are replesented as movements
dlong the technological frontier PO However, it might he
expecled that the marginal value (or utility} of incremental
improvements in SEQ will decrease as SEQ increases. Thesa
timinishing returns an the value of additional units of SEQ are
based on the concept that there is an upper bound to the leyel
required far good environmantal health, and that there is 3
finite limit ta the value which society will place on this respurce
Theretore a threshold SEQ level can be defined beyand which
the socia-environmental objectives are satistind.

The use of SEQ targets to defing SOCic-enviranmental
objectives is consistent with the new abstraction authorisation
system which is being formulated by the Government'™
Under the new abstraction rules. the envirenmental effects of
d firopased abstrachon would have to be determined as part of
the application process, Such environmental-impact assess-
ments could form the basis for the establishment of the
refatienship between SEQ and water-abstraction rates.

Defining Effectiveness and Efficiency

The identiticatian of a target for the SEQ of a Water resource
allows the performance of a water company to be measured,
ant it is now possiale to determine the effectivaness of a water
Lompany i meeting the SEQ abjective A water company is
effective if the SEQ of the water resource 15 equal 1o or greater
than the threshold target: thersfore leakage management
palicies yielding abstraction levals E Foand H in Fig, 2 are
effective. All water companies operating below the SEQ target
remain ineffective and require changes in their management
strategies

Effectiveness’ is an absolute measure of performance as
defined by an ideal leve| of perfarmance™. The SEQ target
theretore defines '100% effective’. and a palicy vielding a SEQ
level belaw this target achigves only X% effactiveness (0% =
X% = 100%). On the other hand. palicies resultng in SEQ
levels above the target could be viewed ag being either eftective
or aver-effective. Having exceeded the required SEQ tfarget,
Policy F might be viewed as performing better than Palicy E,
which just mests the target However the decision o move
from Policy E to Palicy F must result in a paositive marginal
INcrease in net benefits; otherwise, the marginal socio-
environmental benefits which accrue from this shift in policy
will be less than the additional financial investment which is
required to achieve the shilt

A second useful concept in the assessment of SEQ, and
the parformance of individual water companies, is ‘efficiency’.
For the purposes of this discussion. technological efficiency is
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tefined as the ratic of the SEQ level achieved 1o the SEQ which
can be technically achieved tor the given level of abstraction
Graphically, the efficiency of Falicy B in Fig. 2 corresponds 1o
the ratio of LB to LG Maximum efficiency 15 reached at the
lechnological trontier PO

Using the above concepts of effectiveness and efficiancy,
135 possible to evaluate the performances of water CAmpanies.
Cansider two water companies exiracting water fram simifar
water sources, the first operating under Palicy 8 and the
secant operabing under Policy C (defined in Fig. 2). Bath
compames are ineffective in achieving the required SEQ farget.
However the second company employs an efficient manage-
ment palicy which yields the maximum possible SEQ Jevel Tor
the given level of abstraction. This suggests that the company
aperatng under Policy B can implement management changes
that will improve the SEQ of the water resource, without neces-
sarily reducing abstraction rates Thus sotio-environmental
IMpravemerts are not necessarly achieved solely through
refuctions in levels of leakaga. This observation is impartant
when considering the suitability of OFWAT policies which
require specific reductions in feakage to be achieved by the
WaLEr Companias

It the underlying rationale for the required reductions in
leakage levels is the protection of the water resources and the
Enviropment. the setling of SEQ targels would be more
dupropriate because the SEQ levels are not unguely linked to
lzakage levels. Itis only when a water company s operating on
the technolagical frantier PO that improvements fo SEQ
requirg reductions in leakage andior abstraction rates, Con-
sider a water company operaling at point A in Fig. 2. The only
vy for this company to become effective is tg reduce its
abstiachen rate. However, this shift in maragemeant palicy
must not only result in & reduction in water abstraction (a shift
fram Ata D possibly achieved through the implementatian of
a1 dchive l=akage management strategy), but must also yield
impravements in SEQ (a shift from D 10 E). Targets which are
solely defined in ferms of reductions in lzakage do not guar-
antee the desited improvements 1o the socio-envirpnmantal
gualty of the water resource, Furthermore, the desired
mpravements might equally be achieved hrough a reductian
Inreal water demands as a result of water-conservation
measures, Situations could also arise where the complete
elimination of water logses would still not vield the desired
improvements 1o the socio-environmental quality.

The sumtability of lsakage targets for water utiiies which
ire effective with regard to SEQ is even more questionable than
for utilities which are performing poorly, When a water
compdany aperates an effective but ineticient leakage manage-
ment palicy, for example Policy H in Fig. 2, improvements can
De made by either shitting to Palicy E or Palicy F Folicy Fwould
Entail maintaining current abstraction rateg fand hence the
same level of leakage) while modifying other activities within
the organisation, Conversely impravements to the afficiency
of the arganisation can be achisved by adopting Palicy E
where Increased leakage ievels are adopted Iforcing abstrac-
lion levels to rise) without any loss of effectiveness. The actual
decisien is based on the financial costs associated with gach
alternative. In terms of the corporate objectives af effective-
ness and efficiency (as defined abave), Policies E and F may be
viewad as equivalent (if the ‘over-elfectiveness’ of Policy F has
no significant value). However. the need for economic effic-
lency, as defined by the attainment of minimum total costs. wil
datermine which of the effective management policies (policies
above the SEQ target) is optimal. This optimisation task
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requires an econamic model of water abstraction (similar to
Fig 1) to be combined with the SEQ effectivenass model {Fig.
2], thereby yielding a definition for the gconomic level of
abstraction which implicitly defines the economic level of
leakage.

Re-Defining Leakage Targels

A re-definition for the optimal level of leakage can be applisd
to the UK water industry. which allows for the achieverment al
socig-environmental abjectives while permetting individual
utilities to operate in an economically efficient mannar This
detinition is based an the incorporation of SEQ targets within
an economic medel of abstraction, Rather than attampting to
quantify the socio-environmental cost of water losses, the
requirement to e effective in terms of socig-environmental
quality 1s used to constrain the economic madel. This
approach 15 illustrated in Figs, 3 and 4. Al management
policies falling to meet the SEQ target, thereby being deemed
Ineffective, represent unacceptable solutions. Because af the
technological frontier associated with the specific water
resource in Fig. 3, only policies incorporating abstraction
targels below Le have the potential of attaining the SEQ target,
Management policies which are within this latter range of
abstraction, but which remain ineffective, require modifica-
tions other than a reduction in leakage or water consumption.

Total Cents
(nchuling soges
EnTamenial sk |

= Tetal
Ezaiiime U pgis

St
ulal Tl —
Ciost il Consumypitins
Management
i Levelal Abutraction
S ey mmmeninl
Craliny

e

L Level ol Abmmaczin

Fig. 3. Defining econamic level of abstraction while
mainiaining a desired level of SEQ (SEQ constraint nat
binding)

Technological efficiency requires a policy on, or close to,
the technological frontier. However technological efficiency
does not imply econamic efficiency. The abstraction level and
fignce the leakage level, carresponding to the minimem total
cost must still be identitied, but now the level of abstraction is
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Fig 4. Defining economic level of abstraction whifa
maitaining a desired level of SEQ (SEQ consteaint
Binding)

canfined 1o levels below Le. In the case depicted in Fig. 3, the
optimal abstraction level corresponds 1o the economic fevel
L*. This optimal abstraction rate does not have any associated
sacip-gnvirgnmental costs because it 1s possible to attain the
required SEQ target at this level of abstraction. If the company
remains ineffective (SEQ below the target), improvements to
the SEQ of the resource can be achieved by a moditication of
the policy other than a reduction in abstraction rates. It should
be noted that sacio-envirenmental costs only arise far levels
above Ly (as represented by the difference between the sald
and dotted total cost curves in Fig. 3. Because abstraction
levels above L are no longer deemed to be acceptable, they are
excluded from the cost mimmisation task, and therefore the
somo-gnvironmental costs do not need to be quantified,

The use of a SEQ target to constrain water abstractions,
thereby safeguarding the socio-environmental quality of the
resource, shares its conceptual roots with the ‘sate minimum
standards’ (SMS) approach to consenvation'*!. Sustainability
of human (and non-human) activities requires that these
minimum standards should be mamaned Similarly, the SEQ
target defines a minimum level which must be achieved
However, while the SMS approach defines an aimost absolute
minimum  standard which must be maintained 1o avoid
unacceptable hardships (either to humans or other lifeforms),
the SEQ target represents a desired or acceptable level of
socio-enviranmental protection. Therglore the use of SEQ
targets pravides the opportunity to constrain water abstrac-
tions 1o limits which are well within the bounds of sustain-
ability. However, the determination of the SEQ target requires
negotiation Detween all stakeholders and the implementation
of suitable approaches 1o multi-stakeholder decision-making,

The technological frontier has previously been shown to
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be specific ta the water resource being investigated: therefore,
a unigue technological frontier must be developed for each
water resource. and the optimal water abstraction rate must be
identified, Consider a water resource which is sensitive to
water abstractions: such a resource might have a technological
frontier as detined in Fig. 4. This curve reflects the fact that
excessive abstractions incurred due to supply system losses
nave a substantial impast an the SEQ level, Abstraction rates
for this resource must therefore be significantly lowes to
ensure effectiveness. Policy G must now be implemented
compared to Policy E, which was appropriate for the previous
water resource. Policy J. which carresponds to the purely
econamic level of water abstraction (excluding socio-econ-
omic Costs). s completely unacceptable and is not a viable
maragement strategy

The approach of using a SEQ-target to canstrain (he
acceptable range of abstraction rates is analegous to the use
of ecanomic instruments Lo achieve global economic efficiency
between polluters''®, A quality standard is defined which the
polluters most, collectively. achieve, However, rather than
regulating the pollution discharges of individual polluters, the
palluters are allowed to achieve econaomic etficiency within the
cenfines of the specified standard Market forces then define
the ievel of pallution which is descharged by each polluter. The
gnviranment 15 protected from excessive pallution by the
quality standard that must be attained,

Finally, the shift from leakage targets to socio-environ-
mental quality provides a framewark which explicitly recog-
rises the unique respanses ot individual water rescurces to
water abstractions. Rather than applying a blanket policy on all
waler companigs, and subsaguently an all water resources, the
SEQ approach is based on the site-specific relationship
between SEQ and water absteaction. Water abstractions fram
sensitive aguatic environments then reguire grealer water-
efficiency measures to be undertaken to protect their socio-
enviranmental  guality, while nat  forcing  economic
inefficiencies in areas where there |5 a greater capacity 1o
sustain iosses. Such an appreach is consistent with the urban
waste water treatment Directive™ where governments can
anply for deragatian’ for less sensitive arzas"™ Under this
scheme. gowernments may provide lower treatment levels
pravided they demonstrate that discharges will not adversely
affect the environment. Comprehensive studies of the specific
enviranmant being affected provide the justification for any
lowering of the treatment requirements, & similar mechanism
could be applied to the propesed approach, where appropriate
studies would be undertaken 1o establish the relationship
between SEQ and water abstractions,

Conclusions

1 The socio-enviranmental quality of @ water resource 15 a
function of 1otal water abstraction rate rather than the lavel
of waler wastage exhibited by any one single water-user
group.

2 Methodologies which are aimed at protecting the environ-
ment and the interests of society must focus an the socio-
environmental status and guality of the water resource,
and the impact of water abstractions on such quality
indicators.

3. Leakage reduction is not the sole mechanism for achieving
impravements in socig-environmental guality, therefore
placing limits on leakage levels might force inefficiencies.
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4.

The development of abstraction-management stralegies
requires socio-environmental effectiveness and efficiency
ta be defined, thereby facilitating the identification of an
appropriate SEQ target.

A methodology has been presented which allows a water
company to operate at the optimal econamic level of
efficiency while achieving a specified level of socio-
grveranmental quality for the water resource

The proposed methodology shifts the debate fram
gnviranmental marginal costs to levels of SEQ. thereby
forcing all stakeholders to focus on what can (or should)
be achieved in terms of SEQ - given the real and sianiticant
DIESSUTEs on wWaler resource.
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