How Should the Appropriate Horizon for
Integrated Water Resource Planning be
Ascertained?
Thames Water
November 2016

Project Team
Dr Bill Baker
James Grayburn
Adriana Linares

NERA Economic Consulting
Marble Arch House, 66 Seymour Street
London W1H 5BT
United Kingdom
Tel: 44 20 7659 8500 Fax: 44 20 7659 8501
www.nera.com

CONFIDENTIALITY
We understand that the maintenance of confidentiality with respect to our clients’ plans and
data is critical to their interests. NERA Economic Consulting rigorously applies internal
confidentiality practices to protect the confidentiality of all client information.
Similarly, our approaches and insights are proprietary and so we look to our clients to protect
our interests in our proposals, presentations, methodologies and analytical techniques. Under
no circumstances should this material be shared with any third party without the prior written
consent of NERA Economic Consulting.
© NERA Economic Consulting

NERA Economic Consulting

How should the Appropriate Horizon for Integrated Water Resource Planning be Ascertained?

Contents

Contents
Executive Summary

i

1.

Introduction

1

2.

The Current UK WRMP Planning Horizon

3

2.1.
2.2.

Planning horizons in the UK water sector
Factors underlying the WRMP horizon

3
7

3.

Horizons in Other Jurisdiction/Sector Plans

9

3.1.
3.2.
3.3.
3.4.

Water resource horizons in other countries
Horizons in energy planning
Horizons in other infrastructure sectors
Collected factors cited regarding horizon-setting

9
12
15
17

4.

Academic Literature on Long-Term Planning
Horizons

19

5.

Framework for Ascertaining the Appropriate Horizon

23

5.1.
5.2.
5.3.
5.4.
5.5.
5.6.
5.7.
5.8.
5.9.

Overview of the Framework
Horizons in simple WRMP today
Discounting over different horizons
Asset lives and lead times
The impact of uncertainty and risk
The impact of risk aversion
Horizons in a real options or pathway approach
Challenges with and limitations to long-term planning
Summary of influences on the appropriate horizon

23
25
27
30
34
38
39
41
43

6.

Conclusion

44

Appendix A. Asset lives in the UK statutory accounts

NERA Economic Consulting

47

How should the Appropriate Horizon for Integrated Water Resource Planning be Ascertained?

List of Tables

List of Tables
Table 3.1 Arguments for longer and shorter time horizons mentioned by infrastructure
planners
Table 4.1 Criteria for the determination of time horizons for strategic planning and their
application to WRMP
Table 4.2 Organizational and leadership factors influencing the time horizon
Table 5.1 HMT long-term discount rate
Table 5.2 Impact of influencing factors on the “ideal” planning horizon
Table A.1 Statutory Asset Lives of Anglian Water
Table A.2 Statutory Asset Lives of Northern Ireland Water
Table A.3 Statutory Asset Lives of Northumbrian Water
Table A.4 Statutory Asset Lives of Scottish Water
Table A.5 Statutory Asset Lives of Severn Trent
Table A.6 Statutory Asset Lives of Southern Water
Table A.7 Statutory Asset Lives of South West Water
Table A.8 Statutory Asset Lives of Thames Water
Table A.9 Statutory Asset Lives of United Utilities
Table A.10 Statutory Asset Lives of Welsh Water
Table A.11 Statutory Asset Lives of Wessex Water
Table A.12 Statutory Asset Lives of Yorkshire Water

18
20
21
27
43
47
47
47
48
48
48
49
49
49
50
50
50

List of Figures
Figure 2.1 Time horizons in the UK water sector
Figure 2.2 Atkins 2011 Impact of 2080 Horizon
Figure 3.1 Water resources planning horizons in other jurisdictions
Figure 3.2 Planning Horizons in the Energy Sector
Figure 3.3 States with Integrated Resource Planning or Similar Processes
Figure 3.4 Planning Horizons in Other Sectors
Figure 5.1 Framework for horizon-setting: Can effects many years ahead affect optimal
investment decisions today?
Figure 5.2 The EBSD Framework
Figure 5.3 Impact of the discount rate on NPV over long horizons
Figure 5.4 Proportions of cost falling beyond the 25 and 50 year horizons
Figure 5.5 Asset lives ranges in the UK
Figure 5.6 Economic Lives of Network Assets in the Energy Industry
Figure 5.7 Nuclear reactors' construction lead-time in the US and France
Figure 5.8 Supply and demand climate change uncertainty in target headroom
Figure 5.9 Actual and projected UK population
Figure 5.10 Average absolute percentage errors in total population over time
Figure 5.11 Risk aversion in the objective function
Figure 5.12 Real Options Decision Tree Approach to WRMP
Figure 6.1 Framework for horizon setting

NERA Economic Consulting

3
6
9
12
14
15
24
26
29
31
32
32
33
35
36
37
39
40
46

How should the Appropriate Horizon for Integrated Water Resource Planning be ascertained?

Executive Summary

Executive Summary
Overview and key findings
NERA was commissioned by Thames Water to consider the question “How should the
appropriate time horizon for integrated water resource planning be ascertained?” The
general answer is that the horizon should be chosen so that projected effects (costs, benefits)
beyond that time (which are therefore not treated explicitly in the planning exercise) are
unlikely to affect the decisions about what it is best to do initially. In this report we draw on
reviews of horizon-setting in other sectors and jurisdictions, and on discussions in the
academic literature, to develop a framework that will aid the planner in ascertaining the
appropriate horizon for a specific planning exercise. The framework is outlined in more
detail later in this Executive Summary and in the report.
Applying the framework to the case of statutory Water Resources Management Planning
(WRMP) in England and Wales shows that the appropriate horizon may not be the same from
one water resource zone or set of zones to the next. In many zones the statutory minimum
horizon of 25 years will be too short to identify some potentially important supply-demand
problems, such as deficits arising through population or climate change. By “too short” here
we mean that a 25 year horizon is too short to be sure that important possible problems will
be identified in good time by the WRMP planning cycle, in view of: the possible rates of
change in the underlying drivers (e.g. population, water use-efficiency, climate change effects
on rainfall); the time it may take to address impending shortfalls with good solutions
(forming them, obtaining planning permission and funding for them, and implementing
them); and the consequences of facing a near-term or actual shortfall, in the form of either or
both of the high costs of experienced shortages, and any higher-cost of the solutions that can
be implemented in time.
In view of these factors a horizon of 40–60 years seems more appropriate as the minimum for
the problem-identification element of WRMP exercises, depending on the complexity of the
problem being solved. Forecasting or forming scenarios of that length seems practical given
today’s information sources and methods for forming projections.
The appropriate horizon for the subsequent appraisal of solutions will be that which ensures
that the best solution can be reliably identified, and it also may vary from zone to zone in
WRMP exercises. It will depend in part on the size and timing of the identified problems,
and in part on the nature and extent of the solutions that are available.
In some water resource zones or sets of zones, there may be no identified shortfall or supply
risk anywhere in a long horizon, so no solution appraisal is necessary. In other zones,
relative to the size and timing of the identified deficits, there may be a notably greater supply
of solutions which are available at low cost, and which are able to be quickly implemented,
and which have fairly short scheme-lives so do not have long-lasting benefit periods. In such
cases the effects (costs, benefits) occurring within the current 25 year minimum statutory
planning horizon are probably sufficient as the basis for identifying the best initial actions in
a WRMP exercise. This is on the presumption that – as is required and is practised in WRMP
in England and Wales - the water resource plan for each zone will be fully revisited on a five
or six year rolling basis.
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By contrast in other water resource zones or sets of zones there may be large identified
shortfalls continuing or appearing after 25 years, or there may be options with long lead times
or asset lives that are apparently good candidate solutions and so need to be ruled-in or ruledout of the set of best initial actions. In these WRMP cases a horizon longer than 25 years will
be needed to ensure that the initial actions that are best overall are properly identified.
For WRMP in some zones or sets of zones with complex planning problems it may be
appropriate to make projections of shortfalls over, and to appraise solutions over, horizons
longer than 60 years. This will be so when the longer horizon is needed to ensure that most
of the present-valued benefit and cost of each option is treated explicitly within the appraisal.
However as the horizon lengthens the most-distant projected figures will usually become less
reliable, and discounting will lessen the most-distant years’ impact on any present-valued
appraisal criterion.1 The best initial actions will therefore become increasingly insensitive to
the most-distant years’ effects, as the horizon is lengthened. In WRMP work in England and
Wales effects beyond horizons of 100 years or so are most unlikely to influence the best
initial elements of solutions.
Successful use of horizons longer than the current 25 year statutory minimum for water
resources planning in England and Wales requires a set of challenges to be met. They
include: the need to provide transparency for stakeholders about more distant effects and
how they come to influence the best initial plans; the need to consider the legitimacy of plans
from stakeholders’ points of view across a long time period and possibly multiple
generations; the need for the organisations involved in the water planning to consider longterm uncertainties about wider driving factors, including some where long term projections
are not readily available from other sources currently; and the extra technical and modelling
complexity that arises in considering water availability and demand over longer timescales.
Practices in setting planning horizons
The licensed public water supply companies in England and Wales must each produce
statutory water resource management plans (WRMPs) for their water supply zones, using a
planning period of 25 years or more. Early discussions of WRMP approaches, for example in
the sector studies known as EDM and EBSD, recommended a planning period of 25-30 years
but without much explicit justification. The company WRMPs must and do meet or exceed
the Environment Agency’s (EA’s) formal guidance on WRMP methods including the choice
of horizon. The most recent EA Water Resource Planning Guidelines (May 2016) require
companies to take a long term view to properly reflect the water supply risks in the company
area, and strongly encourage companies to go beyond the 25 year statutory minimum
planning period where a longer horizon is appropriate in view of those risks. Some

1

Using standard economic terminology, we define the discount factor (D) – which is used to discount the costs and
benefits depending on the future year in which they fall – as follows: Dn = 1/ (1+r)n, where r is the discount rate (a
small positive percentage), and n is the year in the appraisal period. As the horizon lengthens, the discount factor for
the later years, where n is largest, tends towards zero. The UK Treasury’s cost benefit appraisal guidance supports the
use of a lower discount rate - i.e. use of a smaller r percentage, though still a positive figure - for the later years of longhorizon appraisals, e.g. for n > 30. This lessens the impact of the lengthening time horizon on the discount factor, but it
still tends toward zero for the later years as the horizon grows. That is, in all cases, discounting means that the later the
year the less the effect on the appraisal criterion. See: HMT (July 2011) Green Book, pp. 98-100. Link:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/220541/green_book_complete.pdf
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investigations made by UK water sector companies or regulators have had much longer
horizons, of 80 years or more. For example the EA’s “Flooding and Coastal Erosion Risk
Management Report” employs a 100-year horizon for the cost benefit analysis of flood
control options.
Our review of a range of other jurisdictions’ choices of planning horizons, looking for the
motivations behind the horizons adopted, found the horizons were usually identified but the
motivations for them were unstated in most cases. Some cases are shown in the diagram
below. Some regions plan water resources over a relatively short period – for example 15
years in the U.S. State of Pennsylvania. Others use much longer horizons – for example in
Australia, where droughts lasting a dozen years or more are part of the historical record,
authorities plan water supply initiatives using a 50 year horizon. In the energy sector,
mandated planning horizons appear often to be shorter than those employed by water
resource planners, possibly reflecting the energy sector’s shorter infrastructure lives.
Horizons of more than 25 years have been adopted in other sectors, for example in the UK
the Department of Transport recommends a 60 year horizon be used in appraising long-lived
asset decisions. Extremely long horizons are evident in a few cases: national carbon
reduction plans often span centuries, and so do some forestry plans.

There is little theoretical or applied academic literature which directly discusses the issue of
deciding the appropriate horizon. The US Environmental Protection Agency sets out four
factors to be used in considering the appropriate planning horizon for a specific case: (i) the
expected life of capital investments; (ii) the point at which benefits and costs reach a steady
state; (iii) statutory and other requirements; and (iv) the extent to which benefits and costs are
separated by generations.
Our selective review of the practices and the discussions of motivations in horizon-setting in
other sectors led to indications of what the important elements might be, rather than definitive
findings. However the indications were enough to be a material help to us in forming a
framework for ascertaining the appropriate horizon for water resources planning.
A framework for ascertaining the horizon
A simple framework can be used to help ascertain the appropriate time horizon for an
integrated water resource planning exercise. This framework has been developed with the
statutory water resource planning (WRMP) exercise in mind, for a water resource zone or set
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of zones in England and Wales. This is a context where the availability and reliability of
long-term forecasting and scenario results has improved substantially since the 1990’s, where
uncertainty over long term population and climate change effects has increased, and where
there are very long lead times and asset lives for some good candidate solutions. The
framework is also relevant to other water resource planning exercises and potentially to
infrastructure planning in other sectors.
To be clear, the framework is intended to be conceptual, to be an aid to the planner in
thinking about the appropriate horizon, and is not a formulaic quantitative tool.
The framework takes the form of adopting a starting interim assumption of a horizon that is
reasonable for the context. For example in a WRMP application this might be the 25 year
statutory minimum horizon, or it might be longer. The framework then has the planner ask a
series of questions where each answer “yes” or “no” shows whether there is any good reason
to make the horizon longer for this exercise. The questions address in turn the feasibility of
making long projections of water supply and demand measures, the likelihood that the
horizon is long enough to identify important problems, and the need to use a longer horizon
to reliably identify the best initial solutions. The planner cycles through the questions, and
extends the horizon if the answers suggest that doing so is an improvement, until there is no
longer an overall improvement from doing so. The questions are listed below, along with a
chart representing the framework as a flow diagram.
1. Consider the feasibility of making longer term projections:
A. Can we produce reasonably reliable forecasts or good scenarios beyond the current
planning horizon?
2. Consider the timing of possible important problems:
A. Are there important costs or/and benefits, that can be affected by initial actions, that
lie beyond the current horizon?
B. Given the discount rate, would the costs and benefits beyond the current horizon form
a
substantial share of
the
present-valued
criterion?
NO
Factors to consider at each stage:

Consider a horizon initiated at X

What are the different factors that might
affect water resource planning out to date
X?

Do we have forecast scenarios
extending from X to Y?
Where Y = X + 5

3. Consider the
duration of
solutions:

Can we form scenarios
between X and Y?
e.g. reasonable assumptions /
expert opinion?

NO

What data is available, and with what
degree of reliability, for forecast range of
scenarios?

YES
Update X = Y,
repeat

Are discounted net costs
substantial between X and Y?
i.e. >ɛ where ɛ is small

What is the appropriate discount rate over
the period to X?

NO

NO

To what extent are individuals risk averse?

Are asset lives substantially
longer than X?
For the longest lived asset
within the option sets?

What are the relevant asset lives of
solution options?

With what frequency is the investment plan
revisited?

YES
YES

B. Are there

timing and
the good candidate

Do costs or benefits fall over multiple
generations?

YES

A. Are asset
times,
than the

YES

What are the planning lead times required
for different long-term capacity solution
options?

Can “fast-footwork” prevent
regret?
e.g. rapid, low-cost solutions
available for LT capacity needs

lives, added to
implementation lead
substantially longer
current horizon?

How flexible are investment options (e.g. in
terms of increments or modularity?). Are
there some good options that could be
quickly added

plentiful readilyimplemented good
NO
YES
options
relative to the size
of the
problem? meaning
that a
“fast-footwork”
approach offers sufficient flexibility out to and beyond the current horizon?
NO

Is there strong concern about
tail events beyond X?

Extend horizon X = Y

What is the appropriate methodology given
various uncertainties? Is the planner risk
Do approaches such as real options change
the optimal investment decisions today?
What is the cost of different types of error,
for example under risk aversion criteria?

Work with horizon Y
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Introduction

Resource planning is the process used to determine the activities required over a specified
period of time in order to meet future resource needs. The period of time for which this “todo list” is specified is the planning horizon, currently a minimum of 25 years for a statutory
Water Resources Management Plan (WRMP) in England and Wales. The planning horizon is
distinct from the forecasting horizon used when producing estimates of demand and available
water resources (and hence of any shortfall or non-supply risk), which is longer in some cases,
and adopted to enhance the planner’s ability to plan activities such as capacity investments
over the relatively shorter planning horizon. This report will include references to both
concepts, with a main focus on the planning horizon.
In the UK, resource planning in the water sector is conducted by a number of parties.
Different horizons are used for different purposes, from five years for Ofwat’s price reviews,
to the 25 year minimum for WRMPs, and as far out as 85 years in a recent Climate Change
Risk Assessment (CCRA) publication, where the contributing factors for the current levels of
risk in water resource planning are projected to 2100.2
This project sits in the wider field of development of planning methods for WRMP in the UK,
including moving to risk-based planning, trials of “real options” and adaptive approaches,
and the use of very long term planning by some stakeholders. The Environment Agency
employed a 50 to 100 year horizon for floods planning,3 while Water UK has sponsored a
national resource planning study for a 50 year period.4
In 2011, Atkins undertook a project for Thames Water and the UK Climate Change
Adaptation Sub-Committee to investigate water resources planning under climate uncertainty
in London.5 The study showed that using a horizon out to 2080 changed the optimal
investment strategy from that derived using a 2050 horizon.
This NERA report commissioned by Thames Water considers factors that affect the
appropriate resource planning horizon. The report develops a conceptual framework intended
to help the planner ascertain the appropriate planning horizon for UK water resources,
drawing on descriptions of the horizons in use in other sectors and jurisdictions and the
factors that appear to have motivated those horizon choices elsewhere to the extent they are
observable.
For detailed WRMP analyses, a deficit-identification horizon of 40-60 years will often be
more appropriate than the current minimum statutory planning period of 25 years. For the
solution identification step, 25 years may still be an adequate horizon in some water resource
zones. However, for other zones or sets of zones a horizon longer than 60 years may be

2

HR Wallingford for the CCC (August 2015) “CCRA2: Updated projections for water availability for the UK”.

3

EA (2014) “Flood and coastal erosion risk management – Long-term investment scenarios”, page 24.

4

Water UK (2015) “Water resources Long Term Planning Framework (2015-2065) – Terms of Reference”.

5

Atkins (2011) “Water resource planning under climate uncertainty in London”.
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required for both good deficit-identification and good decision-making about potential
solutions.
We set out the remainder of this report as follows:
Section 2 provides a brief history of resource planning horizons in the UK water sector,
and considers the origins of and motivations for the current 25 year statutory minimum
planning horizon;
Section 3 presents the planning horizons used in a selection of other jurisdictions and
sectors, and the motivations for these where apparent, concluding by tabulating the
implications for water resource planning horizons;
Section 4 reviews studies from the academic literature on long term planning and
horizons;
Section 5 develops a framework a planner can use to help ascertain the appropriate
horizon for UK water resource planning exercises, in the process identifying and
discussing key factors that should be taken into account in deciding the horizon; and,
Section 6 summarises the study’s findings and recommendations for planning horizons
for the UK water sector.
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2.

The Current UK WRMP Planning Horizon

2.1.

Planning horizons in the UK water sector

Figure 2.1 shows a set of time horizons proposed and in use for different planning exercises
in the UK water sector.
Figure 2.1
Time horizons in the UK water sector

Source: NERA analysis

Long term planning is not a new thing in the UK water sector. In Victorian times, Sir Joseph
Bazalgette designed the sewerage network that still forms the backbone of London’s system
today, sizing it to take into account a population several times larger than the existing
population of London at the time.6
A century later, the Water Resources Act 1963 recognised the importance of a co-ordinated
approach to water resource planning and established the Water Resources Board, which
contributed to long term planning and co-operation across large regions to meet the needs of
the then individual water authority areas. In 1969, the Board based its planning for the future
industry on population forecasts by 2000, i.e. using a time horizon of 30 years.7
In 2014, each of the water companies in the UK published its most recent Water Resources
Management Plan (WRMP) using a planning horizon of 25 years.8 A planning horizon of 25
years is the minimum stipulated by the WRMP Direction 2012.9 The formal Water Resources
Planning Guideline (WRPG) applying in 2014 makes clear that this “does not stop water

6

When Bazalgette's network was built, the capital's population was around 2.5 million. He planned for population
growth of around four million.
See the online article: Thames Water (2014) “London’s Victorian Sewer System”.

7

Ofwat, Defra (2006) “The Development of the Water Industry in England and Wales”.

8

Northern Ireland Water published it in 2012 and is currently working on a Water Resource and Supply Resilience Plan,
which will bring together the areas traditionally covered by WRMPs and Drought Plans, and will also use a planning
horizon of 25 years.

9

“A Water undertaker shall prepare a water resources management plan, for a period of 25 years commencing on 1st
April 2015” – The Welsh Ministers and the Secretary of State (2012) “The Water Resources Management Plan
Direction 2012”.
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companies from taking a longer term view where this is appropriate”.10 It further states that:
11

“a water company should take account of the whole life costs of all schemes that are
required in the 25-year planning period. For example, a scheme required in year 25
should not just contribute a single year‘s costs to the assessment of a solution, but its
whole life costs – typically, this is 80 years”.
That Guideline emphasizes that taking a long term perspective, beyond the 25-year planning
horizon, in order to make companies’ systems more resilient to future uncertainties, is a key
policy priority that both the UK and the Welsh Governments expect water companies to
address in their plans.12 It further argues that a longer term review of resilience will enable
companies to make sure that they can respond flexibly to future uncertainties − such as the
impacts of climate change, population growth and changes in demand − as well as being able
to provide the evidence needed to justify their proposals and to make sure that schemes are
sustainable and efficient, so customers do not pay too much and investment is not made in
unnecessary infrastructure.13
In May 2016, the Environment Agency published the final WRPG for the next set of WRMPs
which are due to be submitted to Defra in December 2017. The statutory minimum planning
period remains at 25 years, leaving the onus on companies to use a longer horizon where
required and stipulating that “[t]he planning period should be appropriate to the risks of
[the] company”.14 Furthermore, the accompanying new Guiding Principles for water
resources planning emphasise that the company must ensure that the horizon is of appropriate
length, stating that “We expect to see evidence that you have taken a strategic approach to
water resources planning that represents best value to customers over the long term, using a
planning period that reflects the challenges your business faces. Recognising that 25 years is
a statutory minimum, we strongly encourage you to take an even longer term view where it
makes sense, particularly in view of longer term pressures, uncertainties and the time it takes
to develop some infrastructure. You must assess the vulnerability of your water resources to
future pressures such as climate change and the needs of the population and business.

10

EA, Ofwat, Defra and the Welsh Government (2012) “Water resources planning guideline - The guiding principles for
developing a water resources management plan”, page 5.

11

EA, Ofwat, Defra and the Welsh Government (2012) “Water resources planning guideline - The technical methods and
instructions”, page 18.

12

“The key policy priorities that both Governments expect water companies to address in their plans are all aimed at
providing secure, sustainable and affordable supplies of water to customers. They include: (i) taking a long term
perspective, beyond the 25-year planning horizon, to make companies‘ systems more resilient to future uncertainties” −
EA, Ofwat, Defra and the Welsh Government (2012) “Water resources planning guideline - The guiding principles for
developing a water resources management plan”, page 2.

13

EA, Ofwat, Defra and the Welsh Government (2012) “Water resources planning guideline - The guiding principles for
developing a water resources management plan”, page 5.

14

EA and Natural Resources Wales (May 2016) “Final Water Resources Planning Guideline”, page 9.
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Having a longer planning horizon will provide better evidence to support the selection of
preferred options and ensure best value for customers over the long term”.15
In a recent presentation, Ofwat suggested that the “challenges the sector faces at this moment
are more complex and more dynamic than at any point since privatisation”.16 In the same
presentation, Ofwat recognised that a long term view of planning can be warranted, and that
underinvestment today cannot be justified simply by the potential difficulty of getting current
customer support for schemes where the effects are intergenerational.
Southern Water submitted a paper as part of the Water2020 process, to propose changes to
current approaches to better encourage innovation and competition. The paper focusses on
resource planning, emphasising that “it is important that the approach adapts and is fit for
the challenges of the future”.17 While the paper does not propose an optimal planning
horizon, it does state that longer horizons are amongst the desirable changes in methodologies,
to foster analyses and solutions “[b]etter reflecting the long term viability of water resource
options by considering an extended planning period”.18
In 2011, Atkins undertook a project for Thames Water and the Adaptation Sub-Committee to
investigate water resources planning under climate uncertainty in London.19 The study
showed that using a horizon out to 2080 changed the optimal investment strategy compared
to a 2050 horizon. The bottom two panels of Figure 2.2 show the difference between: a) first
planning to 2050, and then extending this to 2080 at the end of the plan, and b) initially
planning for 2080. As shown, the investments indicated as optimal by the two approaches
and two horizons are not identical, with the Severn Thames transfer and the Abingdon
reservoir being built at different times when different horizons are used.

15

Department for Environment, Food and Rural Affairs (May 2016) “Guiding principles for water resources planning.
For water companies operating wholly or mainly in England”, page 1.

16

Ofwat (15 October 2015) “Sector challenges and Water 2020, Cathryn Ross, Chief Executive”.

17

Southern Water (2015) “Water 2020 – Water resources: proposed changes to enhance the scope for innovation and
competition”.

18

Southern Water commissioned NERA and Atkins to undertake a trial of Real Options and Multi-Criteria Analysis
approaches as part of its last WRMP background work, and the results of this investigation tended to confirm that
pathways-thinking is likely to have merit for many water resource planning situations.

19

Atkins (13 July 2011) “Adaptation Sub-Committee and Thames Water − Water resource planning under climate
uncertainty in London”
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Figure 2.2
Atkins 2011 Impact of 2080 Horizon

Source: Atkins 2011

The WRMP is one of many planning exercises undertaken in the UK water sector. Below,
we summarise other planning exercises undertaken by water companies and stakeholders,
with their varying horizons:
Water companies are also required to publish a Drought Plan. A drought plan sets out the
short-term operational steps a company will take before, during and after a drought.
These plans focus on a company’s actions if a drought was to occur under present
circumstances. 20 In the consultation on the draft version of the recently published WRPG
2016, one of the stipulated technical changes is “improved links between water company
drought plans and WRMPs”21.
The Environment Agency’s Water Resources Strategy for England and Wales, which
takes a holistic approach to water resource planning, including managing abstraction,
flood risk and water quality, uses a planning horizon of 40 years. In the report, the EA
considered the 40 year horizon to be necessary in order to “consider the implications of
climate change fully”.22
The EA’s Flood and Coastal Erosion Risk Management Report uses a horizon of 100
years for cost benefit analysis of investment options. One reason given for the use of a
lengthened horizon in this case is the need to directly represent “more of the major
investments needed in the long term”.23

20

EA (2011) “Water Company Drought Plan Guideline”, page 1.

21

EA, Ofwat, Defra and the Welsh Government (November 2015) “Consultation on the draft Water Resources Planning
Guideline”, page iii.

22

EA (2009) “Water Resources Strategy for England and Wales”, page 6.

23

EA (2014) “Flood and coastal erosion risk management – Long-term investment scenarios”, page 24.
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The European Commission requires member state Environment Agencies to prepare a
River Basin Management Plan for each of the rivers under their jurisdiction, updated on a
6-year cycle, showing how Water Framework Directive standards will be met. Although
the plan should focus on the measures to be taken during the current (immediate) cycle, it
should also include in the summary of programmes the measures which the Agencies
envisage being necessary over the following 12 years.24 Hence, the overall time horizon is
of 18 years.
Under the Climate Change Act 2008, the UK Government is required to publish a
Climate Change Risk Assessment (CCRA) every five years. The first assessment was
published in 2012 and the next is due in 2017 (CCRA2). As part of this project, the
Committee on Climate Change (CCC) has recently published a report with updated
projections of the contributing factors to the levels of risk in water resource planning,
using a time horizon of 85 years.
Ofwat periodic price reviews ask companies to prepare detailed business plans for a
period of five years. In these plans, each company is expected to demonstrate how the
five-year plan sits in the context of its longer term vision (a mandatory 25-year Strategic
Direction Statement) and its WRMP. Ofwat’s periodic review period and those used by
the other UK water sector economic regulators − the WICS in Scotland (six years) and
NIAUR in Northern Ireland (three years) – are akin to the WRMP cycle period rather
than the WRMP horizon, indeed the first years of the WRMP are usually the basis for the
supply-demand elements of a company’s periodic review business plan.
As part of the Water 2020 process Ofwat consulted on the appropriate length of the
regulatory cycle, and has suggested that perhaps in the future this may vary depending
upon the characteristics of each segment of the value chain covered by a separate price
control. It considers that “the length of the price control period represents a balance
between stability and incentives for long term efficiency and the need to be flexible to
changing circumstances”.25

2.2.

Factors underlying the WRMP horizon

The exact factors that motivated the choice of a 25 year minimum WRMP planning horizon
are not entirely clear. In 1996, a UKWIR report authored by NERA on demand management
(sometimes known as the EDM report) followed its Terms of Reference in suggesting that
long-term integrated resource planning (IRP) in UK water would involve a long term
planning horizon of 30 years,26 while the 2002 planning method guidelines (also authored by
NERA for UKWIR and the EA and entitled “Economics of Balancing Supply and Demand”
or EBSD) suggested a planning period of 25-30 years, subject to variation depending on the

24

Defra (2014) “Draft River Basin Planning Guidance”, page 25.

25

Ofwat, (July 2015) “Towards Water 2020 – policy issues: regulating monopolies”, page 22.

26

“The Terms of Reference for the current study focus on long term planning (typically 30 years) and on maximising net
welfare gains irrespective of when received” – NERA for UKWIR/EA (1996) “Economics of Demand Management”,
page 28.
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regulatory requirements.27 In these documents and the 2012 WRPG cited above there is little
discussion of factors to take into account when setting the horizon, beyond statements of the
general advantages of long planning periods for helping ensure:
Improved resilience to future uncertainties;
More accurate cost-benefit analysis of investments that have long lead-times and long
useful lives; and,
Increased flexibility for finding the optimal timing of investments.
As already set out above, the new WRPG 2016 and accompanying guiding principles for
water resources planning recognise that the statutory minimum 25 year planning horizon for
WRMP may not be sufficient for identifying supply-demand needs in view of longer term
risks or sufficient for determining best value investment plans in view of lead times and lives
for some solutions. The guidance strongly encourages companies to adopt longer horizons
where this is appropriate. As such, a means of ascertaining an appropriate horizon, in view of
the relevant factors, is needed.
This means and the factors relevant to it are not elaborated in the latest or any previous
WRMP guidance documents. They leave the onus on water companies to show that their
adopted horizons are appropriate. The framework developed in this report identifies relevant
factors and suggests how their presence or absence should influence the planning horizon for
water resource planning including WRMP exercises.

27

“Before data collection begins, the planning period should be specified. This will usually be a period of 25-30 years, but
may vary depending on requirements set by the economic and environmental regulators” – NERA for UKWIR/EA
(2002) “The Economics of Balancing Supply and Demand (EBSD) Guidelines”, page 7.
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Horizons in Other Jurisdiction/Sector Plans

This section outlines horizons that are being applied in planning exercises in a set of other
jurisdictions and sectors as identified in a quick literature scan. Unfortunately the
justification for the horizon and the relevant factors leading to its adoption are seldom
presented explicitly so the relevance of each case is questionable. Nevertheless the factors
that are cited are collected and presented in a table at the end of the section, and the relevance
of each such factor for horizon-setting in the UK water resources context is discussed at
greater length in Section 5 as the horizon-setting framework is developed.

3.1.

Water resource horizons in other countries

Figure 3.1 shows a range of planning horizons in use in other water jurisdictions. The
horizons in US states are shown in red, while other international jurisdictions are shown in
grey. We see a few instances of US states using horizons shorter than 25 years but more
instances of horizons of 50 years in other US states, Bangladesh and some states of Australia.
Figure 3.1
Water resources planning horizons in other jurisdictions

Source: NERA analysis

3.1.1.

Water resource horizons in the U.S.

In the United States, the federal government was historically the planner for large-scale water
resource development. However, nowadays the states are major players in this process, and
use varied planning horizons.28
Pennsylvania, 15 years. The State Water Plan provides “a vision, goals and
recommendations for meeting the challenges of sustainable water use over a fifteen year
planning horizon”.29 The guidance motivates the horizon by observing that the Plan is
updated every five years and the accuracy of projections beyond fifteen years, would likely
“introduce substantial uncertainty into the evaluation”.30

28

Viessman, W., Feather, T.D. (2006) “State Water Resources Planning in the United States”.

29

Commonwealth of Pennsylvania (2009) “State Water Plan Principles”, page 1.

30

Commonwealth of Pennsylvania (2009) “State Water Plan Principles”, page 27.
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Tennessee 20 years. According to the Department of Environment and Conservation
website, only two pilot regional water planning studies have been developed to date.31 They
both use a 20 year planning horizon.32 The Regional Water Resources Planning Guidelines
For Tennessee argue that while water infrastructure often lasts much longer than 30 years,
projections of population past 20 or 30 years suffer from greater risk that projections will be
wrong. The guidelines conclude that “projections past 20 or 30 years may be too uncertain a
base for financial decisions to rest on”.33
California 20+ years. The Urban Water Management Planning Act covers long-range
planning, requiring the urban water suppliers to project population, climate, and other
demographic factors affecting the water management “in five-year increments to 20 years or
as far as data is available”.34
West Virginia, 25 years. The state-wide Water Resources Management Plan projects water
withdrawals in 2020, 2030 and 2040, based on existing data applicable state-wide. In the
projection results, some sectors show an increase in withdrawals in the high scenario and
decrease in the low scenario, which is argued to be “indicative of the uncertainty faced in
long term predictions”.35
Delaware River (interstate), 30 years. The Plan emphasizes an integrated approach,
recognizing for example, that water supply and water quality cannot be managed separately;
that ground water and surface water are two aspects of the same resource.36
Southern Nevada, 50 years. The Water Resource Plan considers a number of water supply
and demand scenarios that bracket the range of plausible conditions to be experienced over
the 50-year planning horizon – “a conservative approach that reflects the uncertainties
presented in the current planning environment”. The SNWA’s planning approach is based on
“adaptively managing its resource portfolio and (…) bringing future resources online when
needed”.37
Texas, 50 years. The State Water Plan recognizes the challenge of the uncertainty in
predictions over a long horizon, but states that “the dynamic updating built into the water
planning process by Texas statute” – the fact that the plan is updated every five years – “is
the regional and state water plan’s strongest defence against uncertainty”.38

31

https://www.tn.gov/environment/article/wr-wq-water-resources-regional-planning

32

Tennessee Department of Environment and Conservation, et al. (2011) “South Cumberland Regional Water Resources
– Planning Study”, page 17.
Tennessee Department of Environment and Conservation, et al. (2011) “North Central Tennessee Regional Water
Resources – Planning Study”, page 19.

33

Tennessee Department of Environment and Conservation, et al. (2013) “Regional Water Resources Planning
Guidelines for Tennessee”, page 12.

34

Californian Legislator (2010) “California Water Code”, Division 6, Part 2.6, Section 10631(a).

35

Department of Environmental Protection (2013) “West Virginia Water Resources Management Plan”, page 166.

36

Delaware River Basin Commission (2004) “Water resources plan for the Delware River Basin”, page 11.

37

Southern Nevada Water Authority (2015) “Water Resource Plan”, pages 35 and 42.

38

Texas Water Development Board (2012) “Water for Texas”, page 226.
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North Carolina, 50 years. Since the drafting of the North Carolina Water Supply Plan the
planning horizon for the local plans has been extended to 50 years to coincide with the State’s
river basin water supply planning program, which will incorporate information from the local
plans into a computer-based hydrologic model, the Operational Analysis and Simulation of
Integrated Systems (OASIS).39
3.1.2.

Water resource horizons in other countries

South Africa, 25+ years. Both the Integrated Water Resource Planning and the Water
Resource Reconciliation Strategy Studies use a 25 year timeframe.40 The South African
Department of Water Affairs considers that “thinking has to be extended even beyond this to
a time when conventional sources of water will no longer be available”, although stops short
of defining what this longer horizon is.41
Australia, 50 years. The 8th National Urban Water Planning Principle states that “Planning
should recognise that some demand/supply responses are short-term and are required to be
adaptive, while other responses such as water infrastructure planning and investment have a
longer planning horizon because the assets have a considerable lifespan”.42
The Department of Water of the state of Western Australia is currently working on the
development of a supply-demand model with a time horizon of 50 years.43 It also has
elaborated plans at a regional level. The plan for the region of Pilbara uses a time horizon of
30 years, with a review of water supply options and the water demand–supply balance at least
every two years.44
For the South West region of the same state, the Water Corporation published a 50 year plan
in 2009 to tackle the challenge of providing sustainable water services in an increasingly dry
climate with growing population numbers.45
Bangladesh, 50 years. The National Water Management Plan (NWMP) is a rolling plan,
providing a firm plan for the first five years, an indicative plan for the subsequent five years
and a perspective plan for the long term (25 years), all of which are set in the context of what
may happen at least 50 years ahead.46

39

U.S. Army Corps of Engineers (2009) “State of North Carolina – Summary of State Water Planning”, pages 3 and 4.

40

The IWRP is responsible for strategic level planning to ensure sufficient and sustainable water resources for at the
national level, while the WRRSS is the local resource planning equivalent.

41

Department of Water Affairs (2010) “Integrated Water Resource Planning for South Africa – A Situation Analysis”,
page 9.

42

https://www.environment.gov.au/water/cities-towns/policy-reform-urban-water/national-urban-water-planning

43

Department of Water (2014) “Water for Growth”, page 8.

44

Department of Water (2013) “Pilbara regional water supply strategy”.

45

Water Corporation (2009) “Water forever – Towards climate resilience”.

46

Alam, M., Quevauviller, P. (2014) “An Evaluation of Integrated Water Resources Management (IWRM) activities in
Bangladesh”, Asia Pacific Journal of Energy and Environment, Volume 1, No 1.
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Horizons in Other

Horizons in energy planning

As in the water sector, some energy sector infrastructure such as a hydro dam or a major
transmission line has a long development lead time and a long asset life, although at a local
level the replacement cycle for many energy assets such as transformers is shorter than for
water assets. Despite the sector differences and the resulting questions about relevance, our
review of adopted-horizons scanned energy examples to see if there were discussions of
horizon-setting that were much fuller than for water. We found a similar general lack of
explicit discussion of the appropriate horizon.
Figure 3.2 shows a set of planning horizons in use in the energy sector. Many US state
energy infrastructure plans use a time horizon of 10-20 years. Some countries and companies
establish longer term visions and develop longer spanning scenarios – with the UK having
established concrete goals for the next 40 years. Arguably planning horizons are in general
shorter than in the water sector. We consider that this can be in part explained by the
relatively shorter useful lives of many of the energy assets, as discussed in section 5.4 below.
Figure 3.2
Planning Horizons in the Energy Sector

Source: NERA Analysis.

3.2.1.

Energy horizons in the UK

In the UK energy supply is undertaken by private companies and there is no single integrated
resource plan for energy. Instead, each energy company plans its own capacity. However, one
long-term goal established for the industry as a whole is to reduce greenhouse gas emissions
in the UK by at least 80% by 2050, relative to 1990 levels.
Pathways calculator, 40 years. The Department of Energy and Climate Change (DECC) has
developed the online 2050 Pathways Calculator, which allows investors and consumers to
explore the combinations of effort which meet the emissions target while matching energy
supply and demand. Relevant to horizons, the site comments that: 47

47

DECC (2010) “2050 Pathways Analysis”, page 1.
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“Power stations typically have a lifespan of around 40 years, and a passenger
aeroplane can be in service for over 30 years. We need to make sure that we
understand the long term implications of today’s investment decisions”.
Electricity North West, 40 years. The Strategic Direction Statement explains the basis of the
long-term investment plans for the company’s network to the 2050s “to give an insight into
the potential development of our services and network”.48 This vision is intended to inform a
more detailed 10-year business plan.
National Grid, 20 years and 35 years. The National Grid’s “Future Energy Scenarios”
projects a set of scenarios to 2050, but does not attribute probabilities or costs to these
scenarios, as “[t]here is too much uncertainty for any numbers to make sense”.49 Potential
network developments for both the gas and the electricity networks are considered in
National Grid’s ten year statements, with less detailed analysis of the period from 2024 to
2035.50 This is a clear example of the distinction between the detailed (solutions) planning
horizon – here, 20 years – and the (problem or need) forecasting horizon – which in this case
is 15 years longer than the planning horizon.
UK National Infrastructure Commission, 35 years. The recently established commission’s
terms of reference include a section on “delivering future-proof energy infrastructure”,
which mentions consideration of the “cost-reduction potential for the UK through to 2030
and 2050”.51
3.2.2.

Energy horizons in the United States

Integrated resource plans, 10 to 20 years. In US energy, Integrated Resource Planning (IRP)
began in the late 1980s and has in most states become an accepted way for utilities to create
long-term capacity plans.52 Figure 3.3 shows the states that have mandated IRP or long-term
planning requirements.

48

Electricity North West (2013) “Strategic direction statement”, page 5.

49

National Grid (July 2015) “Future Energy Scenarios”.

50

National Grid (2014) “Electricity Ten Year Statement”, page 17.

51

National Infrastructure Commission (October 2015) “Terms of Reference”, section 3.

52

Synapse Energy Economics (2013) “Best practices in electric utility integrated resource planning – Examples of state
regulations and recent utility plans”, page 3.
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Figure 3.3
States with Integrated Resource Planning or Similar Processes

Source: Synapse Energy Economics (2013) “Best practices in electric utility integrated resource planning –
Examples of state regulations and recent utility plans”, page 5.

The states shown in green are those which replaced integrated resource planning laws with
rules for long term capacity procurement plans.
California, 10 years. Every two years, the California Public Utilities Commission (CPUC)
assesses, in its Long-Term Procurement Planning (LTPP) the system and local resource needs
of California’s three largest investor owned electric utilities – Edison, PG&E, and SDG&E –
over a ten-year horizon.
Texas, 15 years. The Electric Reliability Council of Texas (ERCOT) completes a Long-Term
System Assessment (LTSA) that provides a 10 to 15 year forward-looking assessment of
transmission needs.53
Michigan, 20 years. The Plan looks at Michigan’s electric needs for the next two to 20 years.
Its goals are “supporting economic development, improving environmental quality and promoting
resource diversity, while ensuring reliable electric power”.54
3.2.3.

Energy horizons in other countries

Canada, 20 years. The Province of Ontario’s Long-Term Energy Plan uses a 20-year time
horizon. “The [plan] will be flexible; Ontario will plan for a lower demand scenario, with the
ability to adjust to potential demand changes”.55
53

ERCOT (2014) “Long-Term System Assessment for the ERCOT Region”.

54

Michigan Public Service Commision (2007) “21st Century Electric Energy Plan”, page 1.
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In the Province of British Columbia the time horizon of the Integrated Resource Plan is also
of 20 years. The plan’s introduction states that “uncertainties and the 20-year IRP planning
time frame underscore the need to de-emphasize single point estimates”; rather, uncertainties
“translate into a range of future resource requirements and contingency plans”.56
Australia, 25 years. The National Transmission Network Development Plan splits the
planning exercise into a short- to medium-term outlook to 2020 and a longer-term outlook
from 2020 to 2038.57

3.3.

Horizons in other infrastructure sectors

Figure 3.4 shows a set of planning horizons in use in other infrastructure sectors, including
cases of transport, port industry and urban planning, where (as in water) there may be long
term needs and long lead times and asset lives that could or should be influencing the setting
of horizons. The set further includes the longest planning horizon we have found reference
to: that used by British Columbia’s Forestry department, which plans as far ahead as 400
years, in view of the very long time it takes to grow trees in the Province.
Figure 3.4
Planning Horizons in Other Sectors

Source: NERA Analysis.

3.3.1.

Horizons in other UK sectors

Transport, 60 years. Until 2006, the UK Department of Transport (DoT) assessed transport
infrastructure investment proposals over a 30 year period, but then increased the appraisal
period to 60 years.58 The DoT considers that using a standard 60 year horizon allows for
better comparison between options and schemes. The DoT also notes that for many transport
investments such as motorways the asset life will be indefinite, at least as long as
maintenance and renewal activity is continued.59

55

Ministry of Energy (2013) “Achieving Balance – Ontario’s Long-Term Energy Plan”, page 3.

56

BC hydro (2013) “Integrated Resource Plan”, Chapter 1.

57

AEMO (2013) “National Transmission Network Development Plan for the National Electric Market”.

58

Cowie, J. (2009) “The Economics of Transport: A Theoretical and Applied Perspective”, page 346

59

Department for Transport (2014) “Transport Analysis Guidance (TAG)”, Unit A1.1, par. 2.3.2.
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Port industry, 20-30 years. The DoT guidance document in 2008 sets out the guidelines for
the preparation of Port Master Plans. The document states that “Port infrastructure may be
very long-lived. Asset lives of 30 years and longer are not unusual (…) Environmental effects
such as those from capital dredging (…) can also persist in to the long term. However,
demand forecasts become highly uncertain more than 25-30 years ahead, and the effects of
discounting also greatly diminish the present value of later flows. A time horizon of 20 to 30
years will therefore represent an appropriate compromise, in most cases”.60
Urban planning, 35+ years. In the field of urban planning, the Mayor of London launched
the city’s first long-term infrastructure plan in 2014. The corresponding consultation
document states that “The horizon – to 2050 – exceeds the timeframes of existing plans (…),
and may appear deceptively remote. However, given its long-term nature, many
infrastructure investments will remain active well beyond 2050, so it is a realistic window for
good forward planning. It also affords today’s stakeholders sufficient distance to be more
objective about the city’s long-term investment needs”.61
3.3.2.

Horizons in other sectors and countries

Transport U.S. (state-wide), 20+ years. Both the long-range state-wide transportation plan
and the metropolitan transportation plans must address no less than a 20-year planning
horizon.62
Transport Minnesota, 25-75 years. The LRTP of the County of Olmsted (Minnesota) states
that “for traffic and financial forecasting, a 25 to 30 year horizon is a reasonable and
realistic limit”.63 However, in cases where land use decisions in the near term may preclude
long-term transportation options if not strategically accommodated in the development
approval process, the plan considers urban growth trends over a 50-75 year period.
Transport France, 45 years. The 2006 Long-Range Transportation Plan extends until 2050,
“a time horizon adapted to policy decisions in this field (15 to 20 years) and to the even
longer-term horizon over which infrastructure facilities get depreciated (30 years)”.64
Port Industry Australia, 15-30 years. In Australia, the Leading Practice document for Port
Master Planning similarly argues that “Port infrastructure may be very long-lived with asset
lives of 30+ years. Data forecasting is traditionally difficult in the port industry, with data
beyond 20 years becoming increasingly subjective. A master plan horizon of around 15-30
years may therefore be appropriate”.65

60

Department for Transport (2008) “Guidance on the Preparation of Port Master Plans”, page 8.

61

Mayor of London (2014) “London Infrastructure Plan 2050 – A Consultation”, page 18.

62

Federal Register (February 14, 2007) “Rules and Regulations”, Vol. 72, No. 30, page 7263.

63

ROCOG (2010) “2040 Long Range Transportation Plan”, Chapter 1, page 2.

64

Ministère des Transports, de l’Équipement, du Tourisme et de la Mer (2006) “Long-Range Transportation Plan –
Horizon 2050”, Executive Summary.

65

Ports Australia (2013) “Leading Practice: Port Master Planning”, page 25.
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Forestry British Columbia, 400 years. In the forestry industry, exploitation cycles can be
very long: in Northern Europe the growth cycle of some pine trees is about twenty years,
whereas hardwood species need one hundred years between plantation and harvest. Forestry
planning tends to be based on much longer time horizons than most industrial sectors.66 In
Canada, forest management plans tend to cover a period of several decades, or even centuries.
In the province of Alberta, the MDFP 2012-2021 Forest Management Plan covers a ten year
period, but considers the impacts of the preferred strategies over the long term by forecasting
over a 200-year planning horizon.67 In the province of British Columbia, the Rationale for
Allowable Annual Cut Determination for the Morice Timber Supply Area used a computer
model to project a number of possible timber supply forecasts over a 400-year planning
horizon.68

3.4.

Collected factors cited regarding horizon-setting

Throughout this section we have reported the time horizons used in planning in other
countries and other sectors that have some similar features to the water sector. Unfortunately
we found few explicit discussions of the factors that determined the horizon that is used.
Table 3.1 lists the factors that were cited, grouping them into two sets: those factors that
were believed to warrant adoption of a longer horizon, and the reverse.

66

Leseure, M. (2010) “Key concepts in Operations Management”, page 50.

67

MDFP (2013) “2012-2021 Forest Management Plan”, Chapter 1.

68

British Columbia Ministry of Forests and Range (2008) “Rationale for Allowable Annual Cut Determination”.
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Table 3.1
Arguments for longer and shorter time horizons mentioned by infrastructure planners
Argument

Explicit citations

Factors supporting taking a Longer Term View
Long lead time or lifespan of assets

Water: Australia (State-wide)
Energy: UK (Pathways Calculator)
Transport: UK, France
Urban planning: UK (London)
Forestry: Canada (British Columbia)

Wanting more information for decision-making

Energy: UK (Electricity North West)
Urban planning: UK (London)

Facing increasing challenges (climate change,
resources availability, population growth)

Water: Australia (Water Corporation), South
Africa

Facing irreversible land use decisions

Transport: U.S. (Minnesota)

Facing greater uncertainty (reflected in use of
adaptive pathways)

Water: U.S. (Southern Nevada)
Energy: Canada (Ontario, British Columbia)

Factors supporting taking a Shorter Term View
Facing greater uncertainty (met by increased
frequency of planning cycle)

Water: U.S. (Texas)

Inaccuracy of (very) long-term projections

Water: U.S. (Pennsylvania, Tennessee)
Energy: UK (National Grid)
Port industry: UK, Australia

Data availability

Water: U.S. (California, West Virginia)

Effects of discounting
Source: NERA Analysis.

Port industry: UK

The factors presented in other cases summarised in Table 3.1 are – perhaps unsurprisingly,
but also reassuringly − similar to the general arguments that the 2016 WRPG suggests might
be taken into account in considering a WRMP planning horizon in the UK.
One of the main arguments for a longer horizon across all jurisdictions and sectors is the long
development lead time or lifespan of some key assets or candidate solutions. An often-cited
concern or limitation is the decreasing accuracy of predictions far into the future. Several
jurisdictions have found ways to overcome this challenge, by increasing flexibility (by
working with solutions that take the form of adaptive pathways instead of single plans) and/or
by increasing the frequency with which plans are revisited.
As set out in Section 5.4 below, in the water sector there are assets with lead times and lives
as long or longer than those observed in the other sectors reviewed. Also, as discussed in
Section 5.5, the ability to forecast the factors relevant to water resource planning has tended
to improve in recent years.
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Literature on Long-Term Planning Horizons

The choice of the time horizon in long term planning has been discussed only occasionally in
the academic literature over the last few decades. That question has however been addressed
by the US EPA, which provides a framework to use in deciding the appropriate horizon for
investment appraisals in view of a number of factors. This EPA horizon-setting framework is
consistent with using a national cost-benefit approach for comparative appraisal of substantial
infrastructure investments that provide solutions to public service and environmental issues.
This similarity of context suggests that aspects of the framework may be relevant for UK
water resource planning, and we consider their relevance in more detail in section 5 below.
In short, the EPA recommends using a horizon such that the net benefits for all years outside
the horizon are expected to be negligible when discounted to the present. In practical terms,
the EPA identifies four factors that should be taken into consideration:69
The expected life of capital investments.
The point at which benefits and costs reach a steady state.
Statutory and other requirements;
The extent to which benefits and costs are separated by generations.
In other academic fields additional aspects to take into consideration when considering the
appropriate planning horizon have been discussed. For example, in the field of management
(where, as in water planning, substantial irreversible commitments may need to be appraised),
Friedman and Segev (1976)70 developed a list of criteria for the determination of the time
horizons for strategic planning. Table 4.1 summarizes the most relevant ones and relates each
of them to the case of water resources planning, so providing a discussion that informs the
development of the horizon-setting framework in section 5 below.

69

US EPA (December 2010) “Guidelines for Preparing Economic Analyses”, Chapter 6

70

Friedman and Segev (1976) “Horizons for strategic planning”, Long Range Planning, Vol. 9, Issue 5, Pages 84-89.
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Table 4.1
Criteria for the determination of time horizons for strategic planning and their
application to WRMP
Criteria

Description

Application to WRMPs

Present value

The time span for planning is defined
according to the organization’s expected
interest rate. The present value of expectations
beyond a certain time period (depending on
the expected interest rate) is practically zero.

The impact of the discount rate is to limit
the usefulness of extending the time
horizon beyond a certain point (see
section 5.3).

Organizational
goals

Goals need time to be achieved and different
organizational goals need different time-spans
to be accomplished. It follows that plans for
different goals require different time horizon
considerations.

WRMP goals may centre on providing
resilience over the very long term.

Size of
organization and
its rate of growth

Assuming the adjustment time of a large
organization is longer than that of a smaller
one, its strategic time horizon must be longer.
Also, a high-rate growing organization whose
resources and opportunities expand at a
growing rate requires a longer planning time
horizon than a non-growing organization.

The WRMP challenge will be greater if
demands are growing faster (or supplies
reducing faster), suggesting longer
horizons.

Validity of
predictions

Management tends to define time horizon for
planning according to the perceived degree of
validity attributed to future forecasts.

Decision-maker acceptance of very long
horizons may be limited by perceptions of
limited validity of long range forecasts or
scenarios, putting limits on the merits of
longer horizons (see section 5.4).

Recovery of
investment

Planning horizon should take into
consideration the anticipated payback period.

In WRMP national appraisal the horizon
should be long enough to identify whether
the benefits really will outweigh the costs
(see section 5.4).

Lead-time

Implementation of plans cannot start upon
completion of planning. The lead-time between
planning and actualization affects the length of
the planning horizon.

The same is true for WRMP, where
horizons must be long enough to reflect
lead times as well as implemented
solutions (see section 5.4).

Resources
invested in
planning

Assuming that planning contributes to the
expected benefits of an organization, costs of
planning (money and time) should not exceed
its contribution.

In WRMP the costs of moving to longer
horizons should be compared with the
potential benefits of the resulting better
decision-making ( see section 5.8).

Source: NERA Analysis, based on Friedman and Segev (1976) “Horizons for strategic planning”, Long Range
Planning, Vol. 9, Issue 5, Pages 84-89.

More than thirty years later, Sołoducho-Pelc (2015) identified a similar list of factors with
similar potential relevance to water resource horizon-setting, as shown in Table 4.2.71 One
new potential read-across to WRMP is that the planner may need to consider whether the
horizon is long enough to reflect the impact of new technologies on the size of the problem
and the relative merits of solutions. A second potential read-across is that a risk-averse
planner or decision-maker may need to use a longer horizon to ensure no unacceptable
outcomes are pending (as discussed further in section 5.5).

71

Sołoducho-Pelc, L. (2015) “Planning horizon as a key element of a competitive strategy”, Journal of Economics,
Business and Management, Vol. 3, No. 2.
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Table 4.2
Organizational and leadership factors influencing the time horizon
Type

Key question

Factors determining the time horizon selection

Organizational
factors

Until which future
moment do we need
to plan?

•
•
•
•
•
•

Time necessary to fulfil strategic objectives (lead time)
Product life cycle
Organization life cycle
Changes in technology
Validity of planning premises
Present value

Leadership
factors

Until which future
moment are we able
to plan?

•

Cognitive limitations (reality and rationality of
perception of uncertainty related to the future)
Risk acceptance
Time and financial limitations
Information limitations

•
•
•

Source: Sołoducho-Pelc, L. (2015) “Planning horizon as a key element of a competitive strategy”, Journal of
Economics, Business and Management, Vol. 3, No. 2.

Applied to the utilities industry, de Almeida et al. (2012) discuss trade-offs in determining the
planning horizon for integrated electricity resource planning, and we expect the same general
trade-offs to arise in setting water resource planning horizons.72 They distinguish between
the two types of error that may result from too long or too short horizons respectively:
Looking too long-term leading to increased likelihood of costs associated with excess
installed capacity which is idle because projected needs did not materialise; versus
Looking too short-term leading to increased likelihood of shortages and/or of much
increased capital and operating costs caused by inadequacies in the match between the
generation mix and the demand due to less-than-desirable installed capacity of certain
types of power plants.
They further note that the later we act, the lower the uncertainty in our forecasts, but the
higher the likelihood that the selection of the most cost-effective capacity expansion plan will
not be a feasible option any longer, forcing us to adopt a last minute solution which is
suboptimal.
These trade-offs have very direct analogies in the UK WRMP context.
Raftelis (2005) introduces the notion of the comprehensive water and wastewater facility
master plan applied to the US water industry context of needing approvals and surety to
secure access to finance. The paper identifies the capital facilities required for expansion,

72

De Almeida, A., Rosenfeld, A.H., Roturier, J., Norgard, J. (2012) “Integrated Electricity Resource Planning”, Springer
Science & Business Media, pages 148-149.
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upgrade, reliability, and rehabilitation of the water and sewer systems.73 It argues that
because construction time frames can be lengthy and economies of scale can result from use
of larger facilities to meet long-term demand, the planning horizon of a water resources
master plan is usually 20 to 30 years, and can stretch up to 50 years; longer than for a typical
strategic business plan.74

73

Raftelis, G.A. (2005) “Capital and Financial Planning for Water and Wastewater Utilities: A Comprehensive Guide”,
Third Edition, CRC Press, page 25.

74

According to Raftelis (2005), the typical horizon for a strategic business plan is of 3 to 10 years in most industries,
excluding e.g. water.
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5.

Framework for Ascertaining the Appropriate Horizon

5.1.

Overview of the Framework

The critical question in considering how long the resource planning horizon should be is the
degree to which projected future circumstances might and should affect decision making
today. This section draws on the general suggestions in the latest WRPG, the findings of our
brief review of horizon setting practices and literature, and understanding of decision-making
under uncertainty as practiced in WRMP work in the UK to date, to build up a framework for
a planner to use in setting the horizon. The final framework is first described below and
shown in Figure 5.1. The build-up of each main element of the framework is then discussed
in more detail in the following sub-sections. The framework envisages a planner starting
with a current short horizon − for both problem and solution identification − in a particular
water resource zone or set of zones, and thinking about whether using a longer horizon would
lead to much improvement in decision-making.
The first step is to consider whether or not reasonably reliable forecasts or convincing
scenario sets can be made beyond the current horizon. For some key factors, the planner may
have been dependent on forecasting work carried out by other parties, for example in relation
to climate change and population growth. The availability of reliable forecasts or scenarios
beyond the current horizon, or having the ability to create them, is an important prerequisite
to extending the planning period further.
Next, the likely size of the potential problem beyond the current solutions horizon (also
known as the “planning period”) should be considered. This necessarily involves extending
the horizon for problem identification to some degree, if only to ask “could there be
important problems beyond the planning period?” If so then better decisions might be made
by using a longer planning period, but a second test applies – the planning period should only
be extended if the net present value of costs and benefits of events beyond the current
solutions horizon are potentially substantial enough to affect decision-making.
Finally, the implications for the horizon of the available solution options should be
considered. Where good options are plentiful and all asset lives are short then planning over
a longer horizon may not add any extra ability to identify the best options to implement first.
Similarly, if “fast-footwork” can be relied on − involving revisiting the planning decision
frequently and making quick implementations of good solutions in small increments – to
adequately respond to the changes in the drivers that will determine the deficits throughout
the horizon and prospectively beyond it, then there may be little point in extending the
planning horizon so that future problems can be better anticipated and allowed for. Bringing
these points together and restating them, where asset lead times and lives are short, and the
better solutions are plentiful and easily made on a modular basis, the best actions may be able
to be implemented simply by adapting quickly without the need for planning over long
horizons.
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Figure 5.1
Framework for horizon-setting:
Can effects many years ahead affect optimal investment decisions today?
Factors to consider at each stage:
Consider a horizon initiated at X

NO

Can we form scenarios
between X and Y?
e.g. reasonable assumptions /
expert opinion?

NO

What are the different factors that might
affect water resource planning out to date
X?

Do we have forecast scenarios
extending from X to Y?
Where Y = X + 5

YES

What data is available, and with what
degree of reliability, for forecast range of
scenarios?

YES
Update X = Y,
repeat

Are there potentially
important costs or benefits
beyond X?

Are there high-consequence tail events that
could affect decision today?

YES

NO

What is the appropriate discount rate over
the period to X?

Are discounted costs or
benefits between X and Y a
substantial part of total NPV?

Do costs or benefits fall over multiple
generations?
To what extent are individuals risk averse?

YES

NO

NO

YES
YES

What are the relevant asset lives of
solution options?

Are asset lives substantially
longer than X?
For the longest lived asset
within the option sets?

Can “fast-footwork” prevent
regret?
e.g. rapid, low-cost solutions
available for LT capacity needs

Extend horizon X = Y

With what frequency is the investment plan
revisited?
What are the planning lead times required
for different long-term capacity solution
options?

NO

How flexible are investment options (e.g. in
terms of increments or modularity?). Are
there many good options that can be
quickly added?

Work with horizon without
further extension

Source: NERA

Applying the framework involves taking into account considerations including discount rates,
the nature of uncertainty around future states of the world, solution asset lives and lead times,
the frequency and flexibility of the planning cycle, and the consequences of having too much
or too little capacity. We discuss these factors in the following subsections:
Section 5.2 briefly summarises the current approach to horizons in UK water resource
planning;
Section 5.3 considers how effects far into the future are weighted in today’s decisionmaking criteria, and how discounting affects this;
Section 5.4 details the asset lives and lead times of water resource investments, and
considers implications for planning horizons;
Section 5.5 considers the different types of uncertainties facing the water sector;
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Section 5.6 discusses how the formulation of the objective function might affect the
planning horizon, and in particular how risk aversion is dealt with;
Section 5.7 sets out how a move to a “pathways”, or strategic approach to resource
planning (including the approach sometimes called “real options”) might affect planning
and discusses whether this shift in approach might influence the appropriate horizon;
Section 5.8 discusses practical limitations and challenges associated with lengthening
planning horizons; and,
Section 5.9 provides a summary of how each of the various factors might affect the
optimal resource planning horizon.

5.2.

Horizons in simple WRMP today

The EBSD framework, introduced in Section 2, has been widely adopted in UK water
resource planning since 2002 with several updates and has recently been reviewed75. The
framework assesses a range of solution options in an integrated fashion,76 and allows planners
flexibility over how to formulate their own planning problem, how to approach the problem
(modelling frameworks), and which solution selection routine to use. Figure 5.2 illustrates the
planning process defined by the EBSD framework.
A typical simple EBSD application solves for the least-cost plan (a single sequence of actions
for the whole planning period) such that in each future year minimum deployable output
(DO) is above demand plus headroom.
A version of the EBSD approach that is complaint with the EA’s WRPG guidance has
typically been implemented by each water company over a 25-year or greater planning
horizon to form a WRMP for each water resource zone,77 with the exercise repeated every
five or six years to match the EA’s RBMP cycle or Ofwat’s periodic review cycle. The 25
year planning period is the current statutory minimum. The same approach could be applied
over shorter or longer horizons, and the 2016 WRPG guidance strongly encourages
companies to adopt longer horizons where this is appropriate in view of the risks.

75
76

77

UK Water Industry Research WRMP 2019 Methods – Decision Making Process: Guidance Report Ref. No. 16/WR/02/10
WRMP considers resource options, leakage reduction options, and customer-side demand management options, so is a
form of “integrated resource planning (IRP)”.
The whole life costs of each option are calculated over a time period of up to 80 years, to allow reflection of the long-lives
of some resource assets.
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Figure 5.2
The EBSD Framework

Source: NERA (2002) “The Economics of Balancing Supply and Demand (EBSD) Guidelines”, page 2.
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Discounting over different horizons

The framework considers whether far future effects (costs, benefits) may have an important
influence on decision-making about initial actions, once the discounting of costs and benefits
has been allowed for. This sub-section discusses the implications of discounting for horizon
setting.
WRMP is a particular application of the standard economic approach in which costs and
benefits falling in future years must be discounted back to today’s value-basis (“presentvalued”) for the purposes of adding them up into overall measures of the merits of a solution.
How strongly costs and benefits are discounted will affect how much influence future effects
will have on decision-making, so will affect the optimal planning horizon. The application of
the discount rate may mean there is a natural upper-bound to the appropriate planning horizon.
We do not consider in detail the selection or calculation of the discount rate. However, we
comment briefly on different discounting options and discuss how these options may affect
(or depend upon) the planning horizon for water resources.
HMT Green Book appraisal guidelines. The Treasury guidelines for appraisal and
evaluation of public investments use a 3.5% social time preference rate (STPR) for
discounting over up to 30 years.78 The STPR adopts a societal view-point and takes into
account both “catastrophe risk” and “pure time preference”. When modelling over longer
time periods, the stipulated HMT discount rate declines, as shown in Table 5.1, to reflect
several effects.79
Table 5.1
HMT long-term discount rate
Period of years

0-30

Discount rate
3.5%
Source: HMT (2011) “Green Book”

31-75

76-125

126-200

201-300

300+

3.0%

2.5%

2.0%

1.5%

1.0%

Discounting involving intergenerational costs and benefits. There is still academic debate
on the discount rate that should be used for planning where the benefits or costs fall over
multiple generations. For example, The Stern Review in 2007, focussed on carbon mitigation
questions, argues that no “pure time preference” should be applied to discount future costs
and benefits in the context of climate change. This school of thought argues that in the same
way that a different discount rate may be used for different geographies where time
preferences may differ, a different discount rate is also appropriate where different
generations are concerned.80 Specifically, Stern argues that while we as individuals today

78

HMT (2011) “The Green Book- Appraisal and Evaluation in Central Government”, Annex 6

79

The declining discount rate is motivated by three factors; (i) revealed preferences of individuals in empirical studies,
which appear to show a declining rate of time preference for distant effects, (ii) uncertainty about future events and risk
aversion, and (iii) intergenerational equity considerations. For a discussion see Oxera (2002) “A social time preference
rate for use in long-term discounting”

80

Stern (2007) “The Stern Review: The Economics of Climate Change”.
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may well place a lower value on benefits accruing to generations that are further into the
future, it is hard to justify using such a discount rate on ethical grounds.
Discounting with risk averse preferences. Gollier shows that while the traditional
approach to discounting takes into account expected income growth, this ignores uncertainty
around the future growth of income. For risk-averse agents, the appropriate discount rate will
depend on the degree of uncertainty around future income levels. To the extent that there is
some risk that future incomes are not as high as the expected forecast level, the discount rate
should be lower.81 If uncertainty increases in the longer term, the discount rate should
decline.
Discounting private investment, with public benefit. While the HMT Green Book
guidance proposes that in public appraisal all costs and benefits should be discounted at the
STPR of 3.5%, a further question is how to take into account any private financing costs
associated with procuring public benefits (i.e. the implementing firms’ weighted average cost
of capital or WACC). The UK Joint Regulators Group recommends adoption of an approach
– the Spackman Approach – which converts the capital expenditures into a stream of annual
costs using the private company’s WACC (thereby allowing for the private financing costs),
and then discounts all the costs and benefits at the STPR.82 This approach is currently used in
the UK water companies’ WRMP appraisals and optimisation modelling, whatever the
horizon.
How the discount rate affects optimal investment decisions today. Figure 5.3 shows the
importance of the discount rate for effects 100 or 200 years into the future, developing an
example used by Gollier.83 For example, a benefit of £1m accruing 200 years from today will
be worth only £1 today in NPV terms if a 7% discount rate is used, but £137,000 today if a
1% discount rate is used. In general, the smaller the discount rate used, the greater the
potential of future costs or benefits to influence today’s investment decisions, so the longer
the horizon will need to be to allow this influence to occur.

81

Gollier, C. (2002) “Time horizon and the discount rate”, Journal of Economic Theory, vol. 107, issue 2, pages 463-473.

82

JRG (25 July 2012) “Discounting for CBAs involving private investment, but public benefit”

83

Gollier, C. (2014) “The long run discount rate controversy”, Annual Review of Resource Economics, vol. 6, pages
273-295.
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Figure 5.3
Impact of the discount rate on NPV over long horizons
1,000,000
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Value in NPV terms, of £1m investment
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100,000

0

7%

6%

5%

4%

3%

2%

1%

Source: NERA worked example

In considering the appropriate horizon when costs and benefits are discounted, the US
EPA considers that the appropriate horizon is such that discounted benefits minus costs
beyond the horizon (left hand side of the following inequality when the horizon is T and the
discount rate is r) are below a set tolerable level adopted by the planner (right hand side of the
inequality):84
∑

(

) ∗∗

∗(

−

)) ≤ .

The idea here is that as the horizon (T) is increased, the discounted sum on the left hand side
will fall, until eventually it is smaller than the tolerable level, at which point the horizon can
be accepted to be appropriate because the remaining ignored benefits and costs are at a
sufficiently low level.
When a higher discount rate is used (a bigger r parameter in the inequality), the proportion of
the discounted costs and benefits falling beyond the set horizon will be smaller. Under the
current approach to discounting in WRMP – using the WACC to convert investment costs
into annual customer costs that reflect financing costs, then using the Treasury’s
recommended STPR in all further discounting of costs and benefits – costs and benefits
beyond 100 years distant will be heavily discounted and so have a strongly limited impact on
decision-making about which options to implement today.

84

US EPA (December 2010) “Guidelines for Preparing Economic Analyses”, Chapter 6
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Asset lives and lead times

The framework considers whether some asset lives and lead times may be long and mean that
the benefits of such assets will fall mostly beyond a short horizon – and so may much of the
cost if that is treated as a levelised stream − with the implication that using a longer horizon
may take better account of the full length of benefits and costs and so improve decisionmaking.
The HMT Green Book considers that “[c]osts and benefits considered should normally be
extended to cover the period of the useful lifetime of the assets encompassed by the options
under consideration”.85 Relying on a planning horizon shorter than the lifetime of one or
more of the investment options involves assuming – explicitly or implicitly − that the
differences between the costs and benefits of all of the options beyond that time horizon can
safely be ignored, which is not necessarily the case when at least some of the options have
asset lives that are still useful for long periods after the horizon.
Technical alternatives to using a long planning horizon include:
Short horizon, with terminal values. This involves assigning a terminal value to option
life that falls after the initial modelled horizon. For example the terminal value could be
an estimate of the later benefits minus the later costs, discounted back to the horizon date.
However, it can be difficult to take into account uncertainty about terminal values; to
fully account for future uncertainties in setting the terminal values would in itself require
a long-term modelling exercise.
Short horizon, with annuitized expenditure. In this approach the full life cost of each
option is considered, and annuitized over the lifetime of the asset. Once the
implementation date for the asset is postulated then the annuitized costs falling before the
horizon are counted and those falling beyond the horizon are not. This is the approach
currently generally used in the WRMPs.86
This approach smooths the costs of the option over the option’s whole life, but does not
fully solve the “terminal value” problem introduced above. The approach implicitly
assumes that beyond the modelling horizon there is no systematic difference between the
future benefits and future costs of the option – equivalently, the assumption is that by the
horizon a kind of steady state has been reached, where the remaining net present value of
benefits minus costs can be treated as zero for each option.
Figure 5.4 shows the net present value of expenditure falling within and outside a 50-year
planning horizon (at the top) and a 25-year planning horizon (at the bottom) for a stylised
option cost incurred at different points in time. For illustrative purposes we have
annuitized the stylised investment and operating costs over an assumed asset life of 100
years. As shown in the bottom panel of the figure, in our example an asset built today has
a large proportion (40%) of its annuitized costs falling after a 25-year planning horizon.

85

HM Treasury (2011) “The Green Book – Appraisal and Evaluation in Central Government”, par. 5.10.

86

Currently, the WRMPs use a planning horizon of 25 years, while annuitizing the whole life costs of the options over 80
years.
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This proportion increases to 83% if our example asset is not built till 20 years from now:
the majority of the cost has been put beyond the horizon.
Moving to the longer 50-year horizon, as shown in the top panel, mitigates this issue:
only 15% of the net present costs of the stylised investment made today falls beyond the
planning horizon, and even if it is made in 20 years’ time only 33% of the cost of the
same investment is placed outside the explicit analysis.
Figure 5.4
Proportions of cost falling beyond the 25 and 50 year horizons

50 year horizon

Invest in 20 years

336

Invest in 15 years

436

Invest in 10 years

554

Invest in 5 years

Invest today

696

865

25 year horizon

Invest in 20 years

83

Invest in 15 years

183

Invest in 10 years

302

Invest in 5 years

443

Invest today

612

Within planning horizon (£m NPV)

163

33%

160

27%

157

22%

153

18%

148

15%

416

83%

413

69%

410

58%

405

48%

401

40%

Beyond planning horizon (£m NPV)

Source: NERA illustration
NOTES: We take a simple illustrative investment of £200m capex in each of the first five years, and £5m
operating expenditure for the remaining years of asset life, up to 100 years in total. Costs are annuitized at an
illustrative WACC of 3.6%

In the UK, the useful economic life of water and sewerage assets ranges from 30 to 300 years,
while the lives of fixed plants and operational properties can extend up to 100 years. Figure
5.5 shows asset life ranges for different asset types, based on an aggregation of information
included in the annual accounts of the 12 WaSCs in the UK. Appendix A provides the
original sources of this aggregation, which consist in the “economic useful asset lives” tables
as they appear in the financial statements of each company.
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Figure 5.5
Asset lives ranges in the UK
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Infrastructure assets
Dams and impounding reservoirs
Mains and raw water aqueducts
Sewers and sludge pipelines
Sea outfalls
Water recycling
Other assets
Operational properties
Fixed plants
Desalination plants (*)
Freehold buildings
Vehicles, mobile plant and computers
Source: Financial Statements (2015) of all the UK WaSCs.
The midpoints (white lines) represent the average of the reported lives of each type of asset in the UK. These
averages are not weighted and indicative only.
(*) The desalination plants data point is from Water Reuse Association (2011) “Overview of Desalination Plant
Intake Alternatives”.

The asset lives in the water resource sector are therefore long, particularly with regards to
infrastructure assets, so the period for cost-spreading and the period of benefits may be very
long, relative to the 25 year WRMP minimum planning horizon. In energy, for instance,
asset lives are relatively shorter. Figure 5.6 illustrates the estimated lifetime ranges of
network assets in the energy industry. Electricity distribution assets have the longest
economic lives, with a maximum of 140 years, while the maximum lifetime of network assets
in water is of 300 years.
Figure 5.6
Economic Lives of Network Assets in the Energy Industry
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Electricity transmission
Electricity distribution
Gas transmission
Gas distribution
Source: NERA analysis based on CEPA for Ofgem (2010) “The Economic Lives of Energy Network Assets”,
Table 1.1.
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Some important option types in water resources management, such as reservoirs and longdistance transfers via rivers, need a long lead time to allow for investigations, planning,
design and construction before they can become fully operational.87 This planning period
strongly limits the degree to which companies can employ such assets while relying on “fastfootwork” (and short planning horizons) to adapt to unfolding uncertainties in real time. If
those assets are otherwise good candidates then a long horizon will be needed to reveal their
potential value.
Desalination and wastewater reuse have the shortest lead times, with a predicted lead time of
6 years. 88 The longest lead times usually correspond to reservoir construction, which can last
up to 30 years.89
Innovation and technological change can increase lead times due to increasing complexity.
Berthelemy and Rangel (2013) show that this is the case for nuclear plants construction.90
Figure 5.7 displays how construction lead times have increased over time. In the United
States, the lead-time ranges from 5 years for the Vermont Yankee reactor, up to 23.3 years
for the Watts Bar 1 reactor.
Figure 5.7
Nuclear reactors' construction lead-time in the US and France

Source: Berthelemy and Rangel (2013).

There may be parallels for some types of assets in the water industry. As water treatment and
re-use technologies become increasingly complex, the lead times, including technology trials,
87

South East Water (2015) “2015-2040 Water Resources Management Plan – A Summary”, page 10.

88

Thames Water (2015) “Development of large scale water resource options for London: Updated Draft – Option
Screening Report”, page 36.

89

North, G. R. and Schmandt, J. (1995) “The Impact of Global Warming on Texas: A Report of the Task Force on
Climate Change in Texas”, page 216.

90

Berthelemy and Rangel (2013) “Nuclear reactors’ construction costs: The role of lead-time, standardization and
technological progress”.
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seem more likely to increase than to decrease, implying that longer planning horizons will be
warranted.
In summary, the relatively long useful lives and lead times of some important water industry
asset types strongly suggest that to properly understand the costs and benefits of the options
under appraisal for many water resource zones a long horizon will be necessary.

5.5.

The impact of uncertainty and risk

The framework considers whether longer term forecasts or scenarios are or could be available
to the planner, as is necessary to make a longer horizon tractable. This section discusses the
influence of uncertainty and risk on the appropriate horizon.
In general, forecasting data availability and reliability appear to be improving over time. We
know more today about key uncertainties facing water resources than we did 20 years ago.
This would suggest that planners are better able to account for the risks associated with these
uncertainties. Also, investment today in the form of trials of innovative schemes can help
shape understanding and reveal information about future uncertainties.
This section sets out some of the types of uncertainty that can affect water resource planning
over the long term, explains our current understanding of these uncertainties and discusses
how this should affect the appropriate planning horizon. We draw on previous work
undertaken by NERA for the EA which set out examples of key uncertainties.91
5.5.1.

Water Availability

Rainfall and climate change. EA analysis suggests that by 2040 about a third of supply
uncertainty in target headroom will be due to climate change, as shown in Figure 5.8.92 This
suggests that at least some water resource planning should occur over a horizon long enough
to gauge the value of learning and flexibility in light of possible climate change paths.93 The
horizon for such work would probably need to be 50+ years in view of today’s expectation
about climate path resolution.

91

NERA (2012) “Environment Agency: Water Resources Management Planning - Real Options Analysis”, p.29

92

EA (January 2013) “Climate change approaches in water resources planning – overview of new methods”

93

NERA (2012) for the EA, ibid.
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Figure 5.8
Supply and demand climate change uncertainty in target headroom

Source: EA (January 2013) “Climate change approaches in water resources planning – overview of new
methods”.

The UKCP09 work has modelled scenarios for climate change and rainfall through to 2100.
Climate change will change the nature of uncertainties facing water resilience in the UK. For
example, average summer: winter precipitation ratio is predicted to change substantially,
from -7% during the 2020s, to -13% by the 2040s and -23% by the 2080s.94 This average
masks regional differences, with the south and south west expected to see the largest
reductions in summer precipitation levels.
The evidence on the impact of climate change on water resource needs, and an increasing
ability to model climate change scenarios, suggests planning using a horizon long enough to
take account of the investment implications of needs to adapt to climate change.
5.5.2.

Water Demand

Population and demographics. The ONS has compiled population projections going back
to the 1950s. This section draws on the ONS’ most recent projection accuracy report, which
considers how projection accuracy for the different constituent elements of population
projection has changed over time.95
Figure 5.9 compares the actual growth in the UK population to forecasts made roughly each
decade. Compared to the actual observed population at the 2011 census, almost all of the
previous forecasts underestimated population growth. Some of the most water stressed areas
in the UK (London, South East, and East) are also areas where population is forecasted to
grow faster than average (13%, 7.8% and 8.6% respectively over the next 10 years). The

94

Defra et al. (2009) “Adapting to climate change – UK Climate Projections”.

95

ONS (July 2015) “National Population Projections Accuracy Report”.

NERA Economic Consulting

35

How should the Appropriate Horizon for Integrated Water Resource Planning be ascertained?
Appropriate Horizon

Framework for Ascertaining the

total UK population is expected to increase by 9.2 million people by 2037, which in itself will
present substantial long term resilience challenges.96
Figure 5.9
Actual and projected UK population

Source: ONS (2015) National Population Projections Accuracy Report

Figure 5.10 shows that projection accuracy appears to be improving over time. For all
projection lengths, the earlier forecast dates perform less well than forecasts made in later
years. It is hard to assess the accuracy of the most recent projections, but it seems reasonable
to expect that projection accuracy has continued to improve over time as techniques have
become more sophisticated and lessons have been learned from previous projections.

96

Office for National Statistics (2012).
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Figure 5.10
Average absolute percentage errors in total population over time

Source: ONS (2015) National Population Projections Accuracy Report

NERA discussed recent trends in forecasting accuracy with Professor Phil Rees of Leeds
University.97 Professor Rees considered that forecasting of needs should at least be carried
out for the life expectancy of someone born today, i.e. upward of 80 years. He also reiterated
that at a national level, the ability to forecast population growth up to 100 years ahead has
improved, although noted that at sub-regional levels net migration flows can introduce
substantial uncertainty.
Pricing and demand side response. Instead of finding additional sources of supply for
resilience, a second option is to effect behavioural changes on the demand side. The options
available to utilities for “demand side management” have grown, especially with the advent
of smart meters. However, the long-term impact of innovative tariff techniques and water
efficiency measures is uncertain. The use of trials and the experience of other utilities should
provide learning opportunities allowing a resolution much faster than simply waiting for the
passage of time: and the value of the research to produce that earlier resolution should also be
able to be gauged.
This is an area where investments made today (in trial tariffs and water efficiency campaigns)
can reveal information on long-term uncertainties, and where a long-term view of which
uncertainties are most important for resilience, could affect the innovative investment options
that should be put through early trials.
5.5.3.

Water supply feasibility and costs

The long-term feasibility of some options, for example innovative reuse membrane
technologies, is uncertain. There is potentially large uncertainty around:

97

Personal conversation with Prof. Rees.
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How successful these schemes will be in terms of yield. For example, the ability of UV
treatment and membranes to provide drinking-quality water may be uncertain, when faced
with different types of chemical and biological load in the long-term.
How accurately the costs of a given solution can be predicted. Innovations applying
technology to operations such as real time pressure and flow controls have uncertain
yields relative to costs.
While the costs of traditional technologies are better understood, construction costs for major
engineering schemes are still widely regarded as having significant uncertainty. Most models
of construction cost evolution suggest that waiting has learning value. There is also scope for
early trials of a balanced portfolio of investments to reveal information that would be
valuable to achieve long-term gains.
In terms of operating costs, there is scope for learning over time with respect to some input
prices. Energy costs have been particularly volatile and the trend globally is quite uncertain
with advances in demand and in supply (e.g. from shale gas), as well as political factors.
Investment in trial approaches that provide options for various (uncertain) future states of the
world might only be revealed to be optimal if a long enough horizon is considered.
5.5.4.

Regulatory and social factors

New quality regulations, particularly in the environmental area, and new water-allocation
reforms, are a significant source of uncertainty for WRMP. For example, abstraction
licensing reform and licence reductions under the EA’s Restoring Sustainable Abstractions
(RSA) programme could have varying impacts on different local water sources. Waiting and
monitoring the regulatory environment are the major routes to learning, but a longer horizon
may be needed to represent these trends explicitly.
A broader question is the degree to which there are future water supply technologies that
should be represented in work over longer horizons even if their acceptability immediately is
limited. Social acceptance of water recycled from waste to non-potable use, and even more
so to potable use, is an important future uncertainty.

5.6.

The impact of risk aversion

The framework considers whether important effects might lie beyond the current horizon,
suggesting that this be extended. This section discusses the implications of risk aversion for
this question.
The societal objective – as adopted by the planner − will affect the degree to which future
uncertainties may affect decisions today. For example, a plan that maximises the statistical
“expected value” (or minimises the expected cost) without additional constraints will only be
concerned with the mean or average value and not the whole distribution of possible value
outcomes.
Figure 5.11 shows how possible tail events far into the future might be given more weight by
different objective functions. The orange line represents the central “expected” case;
outcomes below this are poorer and in the extreme are unacceptable. Maximising the
expected value objective function subject to no constraints would not take much account of
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the very poor but unlikely possibilities. However, society may be risk averse with respect to
water supply – regarding the consequences of some types of water supply failure as extreme
and in some cases unthinkable. Typically water resource planning takes a conservative
approach.
The series of dashed lines in Figure 5.11 represent relatively stricter constraints on what
possibilities are treated as allowable – even if highly undesirable . The planner may adopt a
risk averse stance, applying a binding constraint that the black dashed line must never be
crossed. In the most risk averse stance the only concern is avoiding the worst outcomes,
giving the objective a “maximin” form instead of expected value form.
Incorporating a greater degree of risk aversion in the planning method is likely to increase the
potential influence of distant future events on today’s investment decisions. This is because
the planner becomes more concerned about low-probability, but high-consequence events
whenever they occur, even into the distant future. Longer horizons will be needed to identify
the worst effects that the planner wishes to avoid.
Figure 5.11
Risk aversion in the objective function

Source: NERA illustration

5.7.

Horizons in a real options or pathway approach

The framework for horizon-setting posits a planner undertaking a standard WRMP exercise.
However there is a separate shift in planning methodology towards risk-based planning
methods and towards forming solutions that are not single sequences of actions for the
planning period, but are rather strategies (sometimes called “real options approaches”) or
pathways, where it is explicitly anticipated that the actions taken within the planning period
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will branch depending on the new information obtained. This section discusses the
implications of this separate direction of change, on horizon-setting.
Current WRMP planning guidance accommodates uncertainty through a target “headroom”,
or extent to which supply is above demand, with alternative scenarios as sensitivity tests. This
can result in the selection of options which under current circumstances appear the most
appropriate, but may be less favourable if and when those circumstances change.98
Moving to a “pathways” or “real options” (RO) approach shifts the emphasis to forming
strategies that evolve over time, taking into account future uncertainties and allowing
decisions to be re-evaluated at different points in time. Figure 5.12 sets out the RO approach
as a decision tree, with decision points in 2015 and 2020 (more could be incorporated), and
four potential future states of the world, each of which would have a different probability of
occurring and one of which would be revealed by the second decision point in 2020.
Figure 5.12
Real Options Decision Tree Approach to WRMP

Source: Update of NERA (2012) “Environment Agency: Water Resources Management Planning - Real
Options Analysis”, p42

A critical issue in deciding whether a RO approach may be beneficial is the extent to which
there is scope for significantly different responses to different resolutions of uncertainties.
The RO approach is most valuable when there is the possibility of learning over time, and
when strategies have flexibility to adapt as new information is revealed.99 It can identify
different portfolios of projects, some of which may not be fully implemented as more
information about the state of the world is revealed. 99,100

98

Water 2020: Southern Water (2015), “Water resources: proposed changes to enhance the scope for innovation and
competition”.

99

NERA for the EA (2012) “Water Resources Management Planning – Real Options Analysis”, p. i-v.

100

By increasing the flexibility to respond to uncertainty, expenditures that appear suboptimal in a world of certainty may
be worth pursuing today. For example, when considering the lead times of and optioneering applied to nuclear, see:
NERA Economic Consulting (2007), “The Line in the Sand: The shifting boundary between markets and regulation in
network industries”, pp. 52-53.
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RO approaches could be implemented within the existing 25 year planning horizon.
However, longer-term RO planning would better reveal any value from hedging different
types of investment by undertaking early expenditure that keeps open various options for
future investment, until information about the future state of the world is revealed. It would
also better allow for the possibility to run pilots that reveal information about future states of
the world, and give this information an explicit value in the strategy.
NERA’s report for the EA 2012 recommended the extension of the 25 year planning horizon
by “several decades” to allow for climate change learning and adaptation,101 to be examined
by planners using a pathways approach. Southern Water’s submission to Ofwat as part of the
Water 2020 process restates the importance of real option type approaches, and the need for a
“longer planning period”.98 The shift to risk-based methods and to pathways or RO
approaches does not invalidate the framework for horizon-setting in any way; however the
extra value that those newer methods can bring to WRMP will tend to be more available if
longer horizons are adopted.

5.8.

Challenges with and limitations to long-term planning

The framework treats setting the horizon essentially as an objective matter of seeking the
optimal planning approach. However there are some wider challenges associated with
working with longer horizons that a planner may encounter and we discuss these here.
5.8.1.

Availability of information about the further future

Unwillingness to deal with uncertainty. One challenge to techniques that involve
lengthening the time horizon is that it implies a willingness to accept responsibility for longer
term risks. A related issue is the ability to communicate complexity associated with long
term risk planning to all stakeholders. We discuss this aspect in more detail in Section 5.8.2.
Unclear or ill-defined objective functions. Developing a formulation of the long-term
decision problem is challenging, and especially so if more advanced techniques such as real
options are employed. As discussed above the objective function will implicitly or explicitly
express an attitude to risk as well as to discounting over time, using expected value, or a more
risk averse approach and in the extreme “maximin”. This extra dimension raises further
definition and communication challenges that may become more apparent as the horizon
becomes longer.
Unwillingness to quantify uncertainty/lack of data. There may be reluctance to quantify
longer term uncertainties, as this will require fitting scenarios and probability distributions
around states of the world that become increasingly uncertain as the time horizon increases.
It also requires availability and a degree of reliability of data for long-term planning.102 Data
on the uncertainties may be scarce, controversial, expensive, or time consuming to collect. If
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NERA for the EA (2012) “Water Resources Management Planning – Real Options Analysis”, page 66.
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e.g. long-term population growth, climate change`
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no direct sources of data are available other sources can be constructed.103 In this case
lengthening the horizon increases the importance of using sources that are unbiased and
trusted, and having a good process for assessment of probabilities.
Computational complexity. Computing complex optimisation solutions over long time
horizons may not be feasible with standard optimisation software and computing power.
Bespoke methods may be needed, with their own resource implications and need for
explanation to stakeholders.
5.8.2.

Transparency and legitimacy

An argument sometimes made in favour of shorter planning horizons is the assumption that
the long term uncertainty is too complex to communicate to all the stakeholders in a decision.
Explaining multiple uncertainties and multiple decisions, where both the initial rationale for
flexibility and the need for adjustments over time under specific conditions must be conveyed
effectively, can be difficult.
When stakeholders are first introduced to probabilistic analysis, significant extra time must
be committed both to preparing the presentation and to the communication (and education)
process. The better the analyst understands the analysis the simpler it can be made.
Investments that fall over multiple generations also raise questions over who should pay for
these investments. For example, the costs of a scheme that addresses a demonstrated need
with large value to customers 50 years from now may be paid for in part or in full by
customers who will not themselves reap the full benefits of this investment. Having a clear
communication strategy for such investments will be important.

103

e.g. if statistics on demand growth are unreliable, perhaps statistics on growth in number of customers and in demand
per customer are available and can be used to provide a reliable estimate. In other situations, expert judgments may be
the best source of probabilities
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Summary of influences on the appropriate horizon

The framework considers many factors for their possible influence on the appropriate horizon,
and our discussion of these influences is summarised in the table below.
Table 5.2
Impact of influencing factors on the “ideal” planning horizon
Factor

Effect

Impact on “ideal” horizon (all else equal)

Discounting
approach

The ability of future events to impact
on today’s decisions will depend on
how we discount them. Different
arguments may move the discount
rate up or down.
Where investments are spread across
more than one generation and where
agents are risk averse, an argument
can be made for a lower discount rate

Lower discount rates lengthen the
appropriate time horizon, as costs and
benefits further in the future are valued more
highly in NPV terms.
Even at low discount rates, costs and benefits
very far into the future (e.g. beyond 100
years), are unlikely to be substantial enough
in NPV terms to effect decision-making today.

Asset lives
and lead times

Plans should cover much of the lives
(and lead times) of the assets
included. Lead times and
commitment to long-life assets affects
the ability to adapt using “fastfootwork”

In the water sector, many assets are very
long-lived, and cannot be rapidly adjusted.
This motivates a long time horizon, though
bounded by the longest lead and lifetime of a
candidate asset.

Uncertainty
around key
factors

The greater the accuracy and
reliability of long term forecast data,
the longer the appropriate planning
horizon.
Investment today may also be able to
reveal information about future states
of the world.

Trend for improved forecast accuracy, and
wish for understanding of different types of
risk, would tend to suggest a longer planning
horizon may be appropriate

Risk aversion
criterion

Greater degrees of risk aversion give
greater weight to tail, or “extreme”
events in the probability distribution

A greater degree of risk aversion makes it
more likely that future events will be important
to decisions today, suggesting a longer
horizon.

Real options/
pathways

More advanced optimisation
techniques, such as RO or pathway
type approaches, may be better
suited to long-term planning

RO and pathways approaches can be
implemented within current 25-year planning
horizon.
However, their added value will be greater
with longer horizons.

Challenges/
limitations

Tractability and legitimacy in the eyes
of various stakeholders can result in
reluctance to implement approaches
that take on future uncertainties.
Source: NERA Analysis.
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Conclusion

We have developed and presented a framework including a set of factors that should be taken
into account to ascertain the appropriate horizon for a water resource planning exercise,
drawing on a review of horizons employed in other sectors and jurisdictions and of academic
literature, and an understanding of WRMP and economic appraisal methods. For ease of
reference the diagram showing the framework is repeated below.
Clearly, a wide range of horizons are employed for different purposes, depending on the
specific circumstances facing different sectors and different jurisdictions. For example,
where uncertainties are considered very hard to forecast, and where asset lives and lead times
are such that fast-footwork can be used to adapt to unfolding circumstances, shorter planning
horizons seem to be favoured (e.g. some of the U.S. states’ electricity planning frameworks).
At the other extreme, some planners have implemented very long-term planning horizons of
over 100 years, reflecting an ability to forecast some factors into the distant future, with only
a limited ability to use fast footwork to adapt, and in light of long asset lives and lead times or
irreversibilities (e.g. planning for forest-types that can take many decades to plant and grow,
and existing forests that can live for centuries).
For each of the factors that could influence the appropriate water resource planning horizon
there have been substantial developments in understanding, data and techniques over recent
decades. Our examination of the factors suggests that in applying the framework in any
specific UK WRMP case the following points will often be relevant:
The appropriate HMT Green Book social discount rate is low and declines over longer
time periods; there are strong arguments to support this particularly where society is riskaverse and where costs and benefits of resources decisions fall over multiple generations
(as is likely to be the case for many water resources investments); this means far future
effects have more influence on the decision criteria so longer horizons are more likely to
be warranted;
Some asset lives in the water sector are very long; some important water resource options
have lives that are several times the current 25 year planning horizon. The five year
frequency of resource planning builds a degree of flexibility into the current planning
framework. However, lead times of some solutions are upward of ten years, and some
investment options cannot be easily broken down into modular increments, which limits
the ability to use fast-footwork to respond to changing uncertainties in real-time; this
means a longer horizon is more likely to be warranted;
Data around several key uncertainties affecting water resource planning has improved in
recent years, such as climate change and its impact on water availability, and population
growth impacts on demand; this makes working with longer horizons more tractable;
Building risk-aversion into the decision-making implies that events further into the future
can and should affect decisions today, where uncertainty around the future state of the
world can result in crossing unacceptable thresholds from society’s point of view; to that
extent, longer horizons are needed;
Implementation of more sophisticated planning methods such as real options has become
more tractable in recent years. The ability to use more advanced planning techniques is
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not a substitute for a longer horizon; rather it enables better ways of taking into account
varying distant future events; longer horizons may be needed to reveal more of the gains
of these approaches;
The use of long horizons may be limited by the ability to collate and to process data to
form a useful view of the distant future. Legitimacy in the eyes of stakeholders (e.g.
customers) may also limit the extent to which very long term planning will be viewed as
desirable or acceptable.
In light of the influence of discounting, and the limits on forecasting and scenario formation
for identifying far future problems, we consider that a natural upper limit for detailed UK
WRMP planning today is probably around 100 years and possibly less (e.g. 80 years is the
current limit for externally available climate change scenarios useful for WRMP). The asset
lives and lead times of many typical solutions are shorter than this so that all or most of their
benefits and costs can be explicitly treated within that or a shorter horizon, though for some
zones good candidates may have longer lives. By contrast the current minimum period of 25
years seems likely generally to be too short to allow for the possibility of major needs
emerging after that time that warrant a response starting soon, and often too short to allow for
a proper evaluation because too many options will have too much of their lives beyond the
horizon.
We consider that the exact planning horizon to be employed in each WRMP should be
ascertained using the framework on a case-by-case basis, as a function of the current and
projected circumstances in each water resource zone or set of zones.
The planner could start at the statutory minimum horizon of 25 years and using the
framework consider whether a longer horizon is warranted. However we consider that a
longer horizon will generally be warranted at least for problem identification, so it is possibly
more efficient to start by forming projections for 40-60 years and to also have regard to any
readily available longer-term published studies when then using the framework to decide
whether longer horizons– out to 80 years for example – have merit.
The planner would then consider whether the horizon for detailed WRMP solution planning
efforts can safely be any shorter than the forecasting or scenario horizon, in view of the
results and the options available. If the zone has little or no supply-demand shortfall out to a
horizon of 40 years or more, and the zone has access to plenty of good solutions with short
lead times and short asset lives, a 25-year span is probably adequate for the zone’s detailed
WRMP planning exercise (to be repeated every 5 or 6 years). However presence of a notable
supply-demand shortfall by year 40 or 60 or 80, requiring a substantial set of mid-sized or
larger options to be considered, implies keeping the WRMP planning horizon long enough to
show how best this gap is covered. Also, any need to rule-in or rule-out any option with a
long life means that a long WRMP horizon is necessary – sufficient to bring most of the
option’s discounted costs and benefits within the horizon – for comparisons to be robust.
Restating, applying the framework in a general way to UK WRMP circumstances indicates
that a horizon of 40-60 years will often be more appropriate than the current minimum period
of 25 years for deficit-identification purposes. That horizon may still be adequate as the
planning period in some zones with little deficit and readily implemented short-life solutions.
Where good candidates have long lead and life times a planning period of 40-60 years or
longer may be required to ensure good decision-making about solutions.
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Figure 6.1
Framework for horizon setting
Conclusions with respect to water
resource planning

Consider a horizon initiated at X

NO

Can we form scenarios
between X and Y?
e.g. reasonable assumptions /
expert opinion?

NO

Increasingly, key uncertainties such as
population growth and climate change are
better understood. Modelling techniques
and accuracy have improved

Do we have forecast scenarios
extending from X to Y?
Where Y = X + 5

YES

YES
Update X = Y,
repeat

Are there potentially
important costs or benefits
beyond X?

Early results of trials by companies of
techniques such as real options suggest
that future states of the world can impact
investment decisions today. We note that
there is relatively little evidence in this
area.

YES

NO

Climate change and population growth
scenarios introduce potentially high-risk tail
events in some future scenarios, for some
regions of the UK.

Are discounted costs or
benefits between X and Y a
substantial part of total NPV?

Costs beyond about 100 years are unlikely
to have the potential to change decision
making today.

YES

NO

NO

Are asset lives substantially
longer than X?
For the longest lived asset
within the option sets?

YES
YES

Can “fast-footwork” prevent
regret?
e.g. rapid, low-cost solutions
available for LT capacity needs

Asset lives of some typical solutions, such
as reservoirs, can stretch to over 100 years.
Even more recent technologies, such as
desalination or reuse schemes, have asset
lives that exceed the current 25 year
planning horizon.

Extend horizon X = Y

NO

The current planning frequency of 5 years
does allow for some flexibility. However,
resource lead times can be ten years or
more, and not all investments can easily be
separated into modules.

Work with horizon without
further extension

Source: NERA
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Appendix A.

Asset lives in the UK statutory accounts
Table A.1
Statutory Asset Lives of Anglian Water

Asset type

Years

Infrastructure assets
Water

50-120

Water recycling

50-160

Other assets
Non-operational buildings

30-60

Operational assets

30-80

Fixed plant

12-40

Vehicles and plant and equipment
3-10
Source: Anglian Water (2015) “Annual Report and Accounts”, page 133.

Table A.2
Statutory Asset Lives of Northern Ireland Water
Asset type

Years

Infrastructure assets
Infrastructure assets

100-150

Other assets
Operational assets

40-80

Buildings

30-60

Fixed plant

3-40

Vehicles, mobile plant and equipment

4-10

Office equipment
3-10
Source: Northern Ireland Water (2015) “Annual Report and Accounts”, page 127.

Table A.3
Statutory Asset Lives of Northumbrian Water
Asset type

Years

Freehold buildings

30-60

Operational structures, plant and machinery

4-92

Fixtures, fittings, tools and equipment
4-10
Source: Northumbrian Water Ltd (2015) “Financial Statements”, page 29.
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Table A.4
Statutory Asset Lives of Scottish Water
Asset type

Years

Infrastructure assets
Infrastructure assets

80-150

Other assets
Non-specialised operational buildings and structures

60

Specialised operational buildings and structures

20-80

Plant, machinery and vehicles
1-20
Source: Scottish Water (2015) “Annual Report and Accounts”, page 76.

Table A.5
Statutory Asset Lives of Severn Trent
Asset type

Years

Infrastructure assets
Impounding reservoirs

250

Raw water aqueducts

250

Mains

80-150

Sewers

150-200

Other assets
Buildings

30-80

Fixed plant and equipment

20-40

Vehicles and mobile plant
2-15
Source: Severn Trent Plc (2015) “Annual Report and Accounts”, page 103.

Table A.6
Statutory Asset Lives of Southern Water
Asset type

Years

Buildings

10-60

Operational structures

15-80

Fixed plant

10-40

Vehicles, computers and mobile plant
3-10
Source: Southern Water (2015) “Annual Report and Accounts”, page 106.
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Table A.7
Statutory Asset Lives of South West Water
Asset type

Years

Infrastructure assets
Dams and impounding reservoirs

200

Water mains

40-100

Sewers

40-100

Other assets
Freehold buildings

30-60

Operational properties

40-80

Fixed plant

20-40

Vehicles, mobile plant and computers
4-10
Source: South West Water Ltd (2015) “Annual Report and Financial Statements”, page 93.

Table A.8
Statutory Asset Lives of Thames Water
Asset type

Years

Operational structures

15-100

Other operational assets

5-40

Freehold buildings

15-60

Fixtures and fittings

5-7

Vehicles

4-5

Computers

3-7

Fixed and mobile plant
3-40
Source: Thames Water Utilities Ltd (2015) “Annual Report and Financial Statements”, page 99.

Table A.9
Statutory Asset Lives of United Utilities
Asset type

Years

Infrastructure assets
Impounding reservoirs

200

Mains and raw water aqueducts

30-300

Sewers and sludge pipelines

60-300

Sea outfalls

77

Other assets
Buildings

10-60

Operational assets

5-80

Fixtures, fittings, tools and equipment
3-40
Source: United Utilities Group Plc (2015) “Annual Report and Financial Statements”, page 159.

NERA Economic Consulting

49

How should the appropriate horizon for Integrated Water Resource Planning be ascertained?

Table A.10
Statutory Asset Lives of Welsh Water
Asset type

Years

Infrastructure assets
Infrastructure assets

60-150

Other assets
Freehold buildings

60

Operational structures

5-80

Plant, equipment and computer hardware
3-40
Source: Glas Cymru Cyfyngedig (2015) “Report and Accounts”, page 108.

Table A.11
Statutory Asset Lives of Wessex Water
Asset type

Years

Infrastructure assets
Infrastructure assets (weighted average)

108

Impounding reservoirs

150

Raw water mains

100

Treated water mains

100

Communication pipes

60

Sewers

125

Sewage pumping stations

60

Combined sewer overflows

80

Sea outfalls

60

Other assets
Buildings and operational assets

15-80

Plant, machinery and vehicles

3-30

Other assets
4-15
Source: Wessex Water Services Ltd (2015) “Annual review and accounts”, page 85.

Table A.12
Statutory Asset Lives of Yorkshire Water
Asset type

Years

Buildings

25-100

Fixed plant

5-40

Vehicles, mobile plant and computers
3-10
Source: Yorkshires Water Services Ltd (2015) “Annual report and financial statements”, page 89.
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Report qualifications/assumptions and limiting conditions
This report is for the exclusive use of the NERA Economic Consulting client named herein.
This report is not intended for general circulation or publication, nor is it to be reproduced,
quoted or distributed for any purpose without the prior written permission of NERA
Economic Consulting. There are no third party beneficiaries with respect to this report, and
NERA Economic Consulting does not accept any liability to any third party.
Information furnished by others, upon which all or portions of this report are based, is
believed to be reliable but has not been independently verified, unless otherwise expressly
indicated. Public information and industry and statistical data are from sources we deem to be
reliable; however, we make no representation as to the accuracy or completeness of such
information. The findings contained in this report may contain predictions based on current
data and historical trends. Any such predictions are subject to inherent risks and uncertainties.
NERA Economic Consulting accepts no responsibility for actual results or future events.
The opinions expressed in this report are valid only for the purpose stated herein and as of the
date of this report. No obligation is assumed to revise this report to reflect changes, events or
conditions, which occur subsequent to the date hereof.
All decisions in connection with the implementation or use of advice or recommendations
contained in this report are the sole responsibility of the client. This report does not represent
investment advice nor does it provide an opinion regarding the fairness of any transaction to
any and all parties.
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