
MANAGING UNCERTAINTY 
IN THE SECOND NATIONAL 

INFRASTRUCTURE ASSESSMENT

May 2022



Andy Green CBE

Professor Sadie 
Morgan OBE

Julia Prescot Bridget Rosewell 
CBE

Kate Willard OBE Nick Winser CBE

Sir John Armitt 
(Chair)

Professor Sir Tim 
Besley CBE

Neale Coleman CBE Professor Jim Hall 
FREng

Our remit

The Commission provides government with impartial, expert advice on major long term infrastructure 
challenges.

The Commission’s objectives are to:

	z support sustainable economic growth across all regions of the UK

	z improve competitiveness

	z improve quality of life

	z support climate resilience and the transition to net zero carbon emissions by 2050.

In fulfilling our purpose and objectives, we:

	z set a long term agenda – identifying the UK’s major economic infrastructure needs, and the 
pathways to address them

	z develop fresh approaches and ideas – basing our independent policy recommendations on 
rigorous analysis

	z focus on driving change – building consensus on our policy recommendations, and 
monitoring government progress on their delivery.

A fuller description of the Commission’s remit can be found on our website at nic.org.uk/about/what-
we-do/, which includes a table of devolved administration responsibilities by infrastructure sector.

The members of the Commission

 

Commissioner biographies can be found on page 38 and on our website at nic.org.uk/about/the-
commission/ 
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Infrastructure projects must be designed to be useful and effective over 
the course of their lifetimes, withstanding as far as possible the changes 
that occur over the years, decades, or even centuries of their use. Future 
projections and forecasts – for example, for the economy, population 
and environment – are often used to help plan infrastructure. But this has 
limited benefit in a highly uncertain world. Good infrastructure policy 
must instead be robust to a wide range of possible futures, both at a 
project and portfolio level.

Good infrastructure policy must be robust to a wide range of uncertain future events, to ensure that 
decisions taken now really do serve the needs of people in the future. When infrastructure policy is 
designed for a “central scenario” it targets a future that is unlikely to happen with actions that are 
unlikely to be right. Significant opportunities can be missed, and avoidable risks may materialise.1 

This is a common failing of UK infrastructure policy and contributes to the country’s experience of start-
stop infrastructure delivery. From their earliest stages policies must work in as wide a range of scenarios 
as possible.

The challenges presented by uncertainty are exacerbated by long lead times and the long lives of 
infrastructure assets.2 Even when sophisticated analysis of future uncertainties is done, it may be 
disregarded or misunderstood by the time options are put in front of decision makers.3 

In the face of genuine uncertainty, processes for responding to unforeseen events are more important 
than increasingly sophisticated attempts at predicting them. Where prior experience can help us 
understand the likelihood and impact of future events, it is possible to take a risk management 
approach. But not all events have a recent historic parallel. Instead, sequencing projects, learning from 
the first steps, and adapting in subsequent ones (“adaptive frameworks”) can allow flexibility to respond 
to the unexpected. 

Infrastructure proposals should be designed to perform well across many different scenarios of the 
future. Adaptive frameworks can address circumstances where uncertainty may resolve itself over time, 
providing forward momentum around a stable core while maintaining flexibility to follow a range of 
different adaptive pathways. Infrastructure plans as a whole should not be unduly biased towards one, or 
one set of, possible futures: they should seek to balance a set of robust investments, strategic bets and 
hedging activities that help to seize unexpected opportunities and insure against bets going wrong.

Executive summary
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A pragmatic approach backed by experience
Designing for multiple possible futures significantly increases the chance that infrastructure will be 
useful and effective through its whole life. This can involve designing for one scenario and adjusting 
to improve performance in others, or looking for the common elements of policies that are optimised 
to each scenario in turn. The Commission’s study Engineered greenhouse gas removals discussed the 
need for a strategic commitment to engineered removals because, in most scenarios, some engineered 
removals are needed to meet net zero.4 The Rail Needs Assessment for Midlands and the North 
identified a stable core of investments that are likely to perform well in a wide range of possible futures.5

Not every project or policy will pay off in every scenario, so it is important to ensure a balance of risks 
across a wider portfolio. To do this, there must be a clear framework for deciding whether a project is 
part of a stable core of investment, a strategic bet or a hedging activity. The nationwide rollout of full 
fibre can be viewed as a strategic bet, whilst some major road schemes that are consistent with net zero 
have characteristics that place them in the stable core. Hedging activities are harder to identify in the 
infrastructure sector but are more common in military6 and public health sectors where resources are 
invested in preparing for inherently unpredictable events.

Adaptive frameworks are particularly useful for making firm delivery commitments in the face of 
an uncertain future. In some cases, it will be possible to incorporate flexibility for the future and, in 
others, to simply avoid closing down options earlier than necessary. The first Assessment discussed 
adaptive approaches to flood defence infrastructure: the Commission recommended flood defences 
are not built higher than needed for a world that is two degrees warmer, because they can be added to 
incrementally.7

The experience of high speed rail in France can be viewed as a successful adaptive approach to 
infrastructure planning. The first line was approved in 1978,8 and the second was announced when the 
first had been successfully delivered at an acceptable cost; only once the second line had opened did the 
French Government make a strategic commitment to a much larger high speed network.

The right approach to managing uncertainty depends on the specific policy, and a detailed 
understanding of what the future could look like. Developing a wide range of reasonably plausible 
scenarios of the future is an important but limited part of this. Many events could still lead the future 
outside this range and policymakers should be challenged to explore what future conditions would make 
their proposals unviable or unnecessary.

Scenarios should be based on relatively few key drivers, keeping the analysis simple and honest about 
the true scale of future uncertainty. The rest of the paper describes practical steps to do this. 

A simple and honest approach to demand scenarios
Scenarios describe the possible future context within which infrastructure policy should be made. This is 
distinct from “policy pathways” towards a specified policy goal, which would capture the effects of new 
infrastructure policy.

The Commission has looked at work published by other organisations to understand the full range of 
demand scenarios relevant to its sectors and will seek to reflect this range in its own analysis for the 
second Assessment. Scenarios relevant to the Commission’s sectors are routinely published by industry, 
government and academia. They are often based on large and complex models and between them 
represent fairly wide but reasonably plausible ranges.
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In reflecting the ranges produced by other organisations, the Commission does not need to accept the 
input assumptions used to generate them. Any given level of demand can be achieved by many different 
combinations of input assumptions. Describing the full range of possible future scenarios for demand is 
far more important than the precise combination of inputs that generated each scenario. 

For illustrative purposes, this report presents the findings of its scenarios review in relation to electricity 
demand and road demand. Trends in electricity demand illustrate many of the changes expected across 
the wider energy sector and road demand is such a significant part of transport that it tends to dominate 
trends here. The scenarios review for these two sectors found: 

	z UK electricity demand could rise from around 300 TWh in 20229 to a range of 560-890 TWh 
by 2050.10 The wide range is driven by uncertainty about the generation mix (which affects 
the costs of electricity) and key policy choices over the role of electricity in decarbonizing 
transport and heating. 

	z Demand for road transport in England could remain at similar levels to today, around 300 
billion vehicle miles,11 or rise to as much as 450 billion vehicle miles by 2050.12 Most scenarios 
foresee an increase as the population and economy grow and electric cars make travel 
cheaper, but it is possible to imagine a world in which the historic link between economic 
growth and transport demand is broken and a significant shift away from commuting 
following the Covid-19 pandemic helps to keep demand steady. Transport demand is 
currently subject to particularly high levels of uncertainty because travel patterns changed 
significantly during the pandemic.

Understanding the scale of future uncertainty
The major drivers of infrastructure demand and supply have evolved significantly since the first 
Assessment and illustrate many of the challenges associated with predicting the future. This paper 
revisits work on population, economic growth, technology and environmental change, to demonstrate 
the need to design for a wide range of scenarios.

Projections of population and economic growth have been revised significantly downwards by the Office 
for National Statistics and the Office for Budget Responsibility. The most recent central projections of 
population are close to the lower bound of the set used in the first Assessment. Long term economic 
growth is now expected to be around 1.5 per cent per year,13 down from a very stable historic average 
of around 2-2.5 per cent.14 Infrastructure policy must be designed to work across the full range of 
reasonably plausible future scenarios if it is to remain relevant in the long term.

Models of long term changes in the climate predict higher temperatures on average and more intense 
rainfall than previously, but also a wider range around the central case,15 showing that better information 
can reveal more uncertainties than were previously known. This underlines the importance of keeping 
options meaningfully open.

Technological change is particularly difficult to predict and can have a profound impact on 
infrastructure. Technology can change the need for a particular piece of infrastructure or lower the costs 
of operating it. And it can do the same for entire systems of infrastructure. Some technological changes 
are sufficiently near market and well understood that they can be reflected in scenarios, whilst others 
are not. Some technologies make behaviour change much easier when triggered by another event like 
the pandemic.16 Steam as a technology preceded steam trains by around a hundred years but steam 
trains, when they did arrive, had a significant impact on where people chose to live in the 19th century.17 
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Such high impact disruptors could take demand for infrastructure, or its costs, well outside the range of 
reasonably plausible scenarios. But what these technologies are and when they will have their greatest 
impact is near impossible to predict. Including hedging, or “preparedness” activities, alongside more 
standard infrastructure policy, can reduce the costs of adjusting to a radically different future.

Government policy that apparently has little to do with infrastructure can affect where and how much 
infrastructure is required. For example, the government’s skills policy18 has led to an expansion of the 
student population from two hundred thousand in 196019 to 2.7 million today,20 affecting population 
growth in university towns and the country’s industrial mix, changing both the scale and nature of 
infrastructure required in the UK. The impact of government policy outside of the infrastructure space is 
important context for the Commission to understand without seeking to influence. Remaining vigilant 
to this kind of change is an important part of ensuring the full set of possible futures is considered.

Next steps
As the Commission develops the second Assessment, it will produce scenarios of the future that reflect 
the wide range of uncertainty in the literature around infrastructure demand and cost. It will ensure a 
basic level of consistency between the range of scenarios in each sector, without introducing undue 
complexity.

The Commission will consider how to apply ideas about designing for multiple alternative futures, 
keeping options open, adaptive frameworks, and procedures that improve preparedness. 

The rest of this paper describes in more depth the approach the Commission has developed to 
managing uncertainty, the review of energy and transport scenarios and the updated analysis of 
infrastructure drivers.
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The Commission’s role is to provide impartial, expert advice on major 
long term infrastructure challenges. Infrastructure often has a long life, 
with the expectation that it will continue to provide services far into the 
future, but the nature of the future that infrastructure will inhabit is far 
from certain. 

The Covid-19 pandemic has demonstrated the critical importance of planning for unpredictable 
events and has sparked a renewed interest in managing uncertainty among infrastructure policy 
makers. Now more than ever it is clear that good decision making should account for uncertainties 
and minimise vulnerability to the unexpected.

This paper sets out an approach that the Commission believes could substantially improve the way 
infrastructure policy responds to and manages uncertainty about the future. The second Assessment 
presents an opportunity to take a significant step in developing infrastructure policy that is robust to 
uncertainty .

The Covid-19 pandemic has spurred a resurgence of interest in the topic of uncertainty, highlighting 
the particular set of challenges faced by infrastructure. The pandemic was a dramatic example of a 
shock that radiated through all dimensions of society and the economy. The possibility that a pandemic 
could cause massive disruption had already been recognised but was more widely expected to be a flu. 
Covid-19 is a reminder that the future often does not materialize as expected. 

Infrastructure policy routinely faces three challenges in relation to managing uncertainty: 
overconfidence in forecasts of the future; failing to design policy in response to uncertainty; and 
inaction in the face of uncertainty, in some cases leading to under investment and in others to decisions 
based on convictions rather than evidence.

Examples of over confidence in forecasts are common both in the UK and internationally. Ciudad Real 
International Airport in Spain opened in 2009 with capacity for around 2 million passengers per year, 
but closed three years later after all airlines withdrew all routes to the airport. Forecasts of passenger 
numbers had failed to consider competition from other better connected airports and the effect of the 
financial crisis on demand for air travel in Spain.21

Even when good analysis of uncertainty exists, it can struggle to gain traction in the design and decision 
making processes that most require it. This may result from lack of time and resources to devote to 
the issue ,22 or it may be due to a lack of capability in project teams.23 It may be that the governance 
framework encourages a particular attitude to future risks, or a project’s own inertia – the race to 
build – gets in the way of considering uncertainty about the future (whether that’s driven by political, 
stakeholder, institutional or delivery factors).

1.	 Introduction
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The LSE Growth Commission and the Armitt Review that proposed a National Infrastructure Commission 
highlighted a pattern of stop start planning and long term underinvestment in infrastructure.24 
The tendency to choose to change nothing in the face of uncertainty, called status quo bias, can 
partially explain this. Status quo bias acts as a powerful force to retard investment and can become 
institutionalised in a focus on the risk of stranded assets, ignoring the risk of failing to deliver much 
needed services. ‘Conviction narratives’, where a project is based on belief rather than evidence of 
need, can look like an attractive antidote to status quo bias.25 But conviction narratives create significant 
delivery risks for major infrastructure when evidence emerges to contradict them and can lead to the 
pattern of start stop projects the Commission was set up to avoid.  Instead, there are more systematic 
ways to navigate an uncertain future.

Infrastructure delivery has almost uniquely long lead times, for assets that in some cases will last more 
than a century. Uncertainty in the costs of, or the future need for, infrastructure is nothing new, and 
forecasting the future has been a part of infrastructure planning for decades. But for sectors like public 
transport, the impact of the pandemic means it is not even clear from what level to begin forecasting the 
future.26 

The Commission is exploring an action-oriented approach to dealing with uncertainty in the second 
Assessment, with less emphasis on prediction and more on policy design. Core concepts include 
flexibility, taking well-judged risks, and effective hedging against alternative futures. The aim is to 
build confidence in a shared view of future possibilities by developing a set of simple scenarios that are 
honest about their limitations and, collectively, describe the extent of conceivable and plausible future 
uncertainties. 

The Commission has developed a toolkit of approaches to design policy and take decisions that better 
reflect this uncertainty. This includes using a portfolio perspective, adaptive frameworks and hedging 
strategies, where each are relevant, to overcome the challenges for infrastructure policy presented 
by status quo bias and conviction narratives. In the second Assessment, the Commission will explore 
whether and how these ideas can be implemented in recommendations for future infrastructure policy.

Section 2 of this paper provides more detail on this approach with examples from the Commission’s past 
work and other organisations. Section 3 then follows the first step in the approach, presenting analysis of 
the range of published scenarios for energy and transport demand, and updating the Commission’s view 
on a selection of key drivers behind these scenarios.
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Key concepts in this paper

Scenario

A description of possible actions or events in the future.27 In this paper, scenarios are quantitative 
descriptions of a specific variable like demand. Scenarios express what the variable could look 
like given a set of clearly defined conditions and assumptions. Scenarios reflect how the context 
around the variable could affect its path into the future.  Scenarios explicitly include the effects that 
confirmed infrastructure policy might have on the variable, but ignore the effects of future changes to 
infrastructure policy.

Policy pathway

Policy pathways are typically based on scenarios but differ crucially by including the impact of potential 
new policies on the variable of interest. Policy pathways describe the set and sequence of policy 
interventions required to meet a stated goal. A degree of judgement is often required in identifying 
policies that are assumed to be committed and included in scenarios, compared to policies that are 
“new” and represent part of the pathway. 

The balance of a portfolio

A portfolio includes a number of infrastructure projects or policies. The balance of a portfolio is defined 
by the different characteristics of those projects or policies. In particular, in this paper balance typically 
refers to the mix of low-risk low-reward and high-risk high-reward projects or policies. Where risk is 
undefined because the probabilities of different future events are unknown, balance refers to the mix of 
robust investments, strategic bets and hedges (defined below).

Robust investment

A robust investment mirrors the concept of a low-risk low-reward investment, in an uncertain future. 
Robust investments perform acceptably well across a wide range of future scenarios.

Strategic bet

A strategic bet mirrors the concept of a high-risk high reward investment, in an uncertain future. 
Strategic bets perform exceptionally well in a small number of scenarios and so may not pay off. If they 
do, the pay-off is very significant.

Hedge

A hedge is like an insurance policy. It is designed to pay off in scenarios where other investments, 
projects or policies would perform poorly. In so doing, the hedge provides some reassurance that no 
matter what the future holds, economic infrastructure can continue to provide some valuable services or 
at the very least can adjust quickly to an unexpected set of circumstances.
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Adaptive frameworks

A number of types of adaptive framework have been proposed, all aiming to help manage uncertainty 
about the future by adapting as that future emerges.28 For instance, “Adaptive policymaking” has three 
elements to it: a core of actions that have some urgency to them; other actions that seek to shape how 
the future looks; and others still that are designed to keep options open.29 “Adaptive Policy Pathways” 
attempt to identify a number of different sequences of actions that could be taken depending on how 
the future turns out.30

Stable core

Within an adaptive framework, the stable core represents a set of investments, projects or policies that 
have a firm commitment to deliver. A stable core should perform acceptably well across a wide range 
of scenarios to minimise the chance that it is re-opened. It may well include a range of investments, 
projects or policies which individually are robust investments, strategic bets or hedges (see above), and 
so is likely to share many characteristics with a balanced portfolio.

Adaptive pathways

Where a policy pathway might include a specific sequence of policies or actions, adaptive pathways add 
a series of decision points or external triggers that could see a policy maker switch from following one 
pathway to another.
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To effectively manage uncertainty, it is important to first understand how 
uncertain the future is. Once this is understood, policy can be developed 
to respond to the level of future uncertainty. This chapter outlines this 
approach and presents policy frameworks that can encourage action in 
the face of uncertainty.

2.1	 Building understanding of future scenarios
A thorough explanation of future possibilities using whatever evidence is currently at a decision makers’ 
disposal is essential for efficient infrastructure planning and delivery, including how uncertain the future 
could be. Psychological studies show that it can be difficult to develop an objective view of uncertainty. 
Developing a wide range of fairly simple scenarios is important to help decision-makers manage these 
challenges. The future can turn out radically different from even the widest range of scenarios, so it is 
good practice to stress-test policies to conditions beyond the limits of these scenarios.

2.1.1	 Overconfident estimates should be corrected for

It is common practice to apply a correction for optimism bias to cost estimates. The Commission took 
this approach in the first Assessment. But biased estimates can come in other forms too. For instance, 
the National Audit Office has highlighted that major infrastructure projects can also take longer than 
planned and not deliver the intended aims, as well as overrunning on cost31.

Building an understanding of what the future could look like must start with a focus on how the wider 
context around infrastructure policy might change, and the impact this would have on costs, schedule 
and benefits. An obvious first step is to ensure that known biases in estimates of cost, schedule and 
benefits are corrected. Recent work by Oxford Global Projects for the Department for Transport (see 
Box 1) shows such biases can be significant but are also straightforward to correct for. 

2.	Understanding and 
managing uncertainty
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Box 1: Department for Transport with Oxford Global Projects32

The report Updating the evidence behind the optimism bias uplifts for transport appraisals (2021) has 
gathered data from thousands of transport projects from across the world, showing both estimates and 
outturn values of cost, schedule and benefits.

It finds that in the UK, across over 200 road projects, costs in “final business cases” are underestimated 
by 20 per cent on average and benefits are overestimated by one percent on average. Fewer than 20 rail 
projects were examined and, in this small sample, costs were underestimated by 39 per cent on average 
whilst benefits were overestimated by 10 per cent. Rail also suffered from schedule overruns of nine per 
cent on average whilst roads were delivered two per cent early on average.

Perhaps more significantly for the Commission’s work, the study finds that in the earliest stages of 
project development (when the Commission is typically involved), people tend to be particularly over-
optimistic in relation to lower probability events that could affect costs. This suggests that uncertainty 
may be treated least well when it is at its highest level. The report recommends that at the earliest stage 
in a project’s life, its ‘strategic outline business case’, expected costs should be increased by 56 per cent 
for a rail scheme and 46 per cent for a road scheme.

2.1.2	 A wider range of simpler scenarios

In the context of this paper, ‘scenarios’ are used to describe the possible future context within which 
infrastructure policy should be made. This is distinct from ‘policy pathways’, which capture the effects of 
new infrastructure policy towards a specific goal.

There are innumerable events that could affect what the future looks like. Whilst the large majority 
have some historical precedent, it is rarely possible to predict the likelihood of them occurring in 
future. Instead, it is increasingly common in infrastructure planning to set out a range of possible future 
scenarios, without a view on how likely each might be. 

To prepare for the second Assessment, the Commission has undertaken a literature review of scenarios 
produced by other organisations, discussed further in section 3, which included everything from straight 
line extrapolations of past trends, to highly complex optimisation based models with many hundreds of 
parameters.

In general, considering a wider range of simpler scenarios has significant advantages in comparison to 
complex modelling of only a few. Scenarios based on a small number of key assumptions make it easier 
to spot their weaknesses and leave more time and resource available to develop alternative scenarios 
that do not suffer from the same weaknesses. Complex modelling is more suitable to help answer 
questions about the effectiveness of particular policy interventions.

There is a growing body of research that suggests simpler ‘heuristics’, or rules of thumb, can 
systematically perform better than very complex analysis.33 This research typically distinguishes between 
bias and measurement error. Bias occurs when information is available but interpreted incorrectly or 
ignored entirely.34 Simple models suffer from bias because they exclude many details captured in more 
complex models Error occurs because samples of data inevitably vary in some way from the true data 
they seek to represent and the underlying relationships between variables may not be fully understood.35 
Complex models suffer from greater errors, particularly when there is high uncertainty, as they include 
more sources of possible error and less well understood relationships.
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Measurement error, or errors in the choice of modelling assumptions, can compound rapidly in complex 
models and provide misleading conclusions, whereas carefully chosen simplifications can perform 
better. Where uncertainty is high, the errors introduced by complex modelling can outweigh the biases 
that are eliminated by trying to take account of more factors.

Away from infrastructure investments, heuristics are common and in particular help to improve 
outcomes in clinical settings where decisions must be taken fast and in the face of uncertainty about 
a patient’s true condition. Using real data from a hospital in Michigan USA, researchers have looked 
at the performance of three strategies for deciding how to treat suspected heart attacks and found 
that a set of three simple sifting rules systematically out performed both doctors’ judgement and 
complex statistical analysis.36 The sifting rules struck an effective balance between the biases in doctors’ 
judgement (that tended to over treat patients), and measurement error in the statistical analysis (that 
tended to under treat patients).

With each scenario driven by a simpler set of interactions, it becomes more important to ensure the 
set of scenarios spans a wide range of uncertainties about the future. Again, there is a balance to strike 
between reflecting such a wide range of scenarios as to demonstrate that anything could happen, which 
fails to lead to any useful action, and choosing scenarios that span such a narrow range that they are 
essentially just variations on a central projection. It is not helpful to create hard and fast rules about 
how wide a range of scenarios is wide enough. An alternative might involve a process of challenging 
the range described by scenarios and exploring what would need to be believed to justify widening the 
range.

The Commission will explore a relatively simple approach to developing and challenging a wide range of 
scenarios for the second Assessment, drawing both on consensus views from the literature and its own 
assessment of the key drivers of change in each sector.

2.1.3	 Challenging assumed stability

It is important to identify what is not expected to change for a number of reasons. On the one hand, this 
helps to provide some certainty for the purposes of planning and policy design. In particular it may help 
to identify ‘core’ investments or recommendations that are worthwhile under any scenario. But it also 
creates an opportunity to challenge assumptions about what is not expected to change and, in so doing, 
identify unusual events that might occur more often than we first think.

It is tempting to believe something is unlikely to happen in the future simply because it has never 
happened before. A ‘black swan’ was a metaphor for an impossible event until Dutch explorers landed 
in western Australia in 1697, where black swans are common.37 Even reasonably foreseeable events, 
like financial crises or ash clouds associated with volcanic activity, are often ignored until they actually 
happen. When significant risks are identified, like a global pandemic, it is not unusual to fail to effectively 
plan for them.

Identifying events or conditions that would cause a project to perform optimally and conversely to fail 
entirely can be a simple extension of the role of a ‘red team’. A red team subjects policy proposals to 
rigorous analysis and challenge,38 by asking what must one believe about the future for this policy to 
excel and to fail, and how likely are each of those futures to occur? 

Such thought experiments can appear esoteric, but are essential precursors to the more practical 
question, what are the actions now that will set this policy up to seize opportunities and minimise losses 
outside the already wide range of scenarios?
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The next section describes how infrastructure policy can be designed to reflect a confident 
understanding of future uncertainty.

2.2	 Reflecting uncertainty in policy design and decisions
It is not enough simply to understand what the future could look like. If infrastructure policy is to stand 
the test of time it must be designed to respond to that uncertainty. This should involve designing policy 
that performs well in multiple scenarios, highlighting scenarios in which the policy performs less well, 
and ensuring it complements others’ policies that collectively serve the country’s need for infrastructure 
no matter what the future holds.

2.2.1	 Recommendations should be robust to the widest range of scenarios

When designing policy to deliver positive impacts in an uncertain world, it is important to explore how 
multiple scenarios may influence the policy’s performance. There is no hard and fast rule about how 
many scenarios a recommendation should perform well in, and in some specific cases the answer may 
be just one, but in general a more future proof policy will deliver benefits across a larger number of 
scenarios. If a policy is to be considered robust to uncertainty it should perform acceptably well across a 
wide range of possible futures.

Terms like ‘central projection’ and ‘most likely scenario’ are commonly understood to mean that other 
scenarios are much less likely to occur, but that is rarely the case. Scenarios are typically developed 
because there is insufficient evidence to ascribe probabilities to any particular future, and in that context 
the middle scenario in a set of, say, five may be no more likely than any others: there might be a 20 
per cent chance the future looks similar to that middle scenario (or more or less), and an 80 per cent 
chance it does not. Though it may be technically and economically attractive to optimise policies for a 
particular version of the future, policies that are designed for one particular view of the future will be less 
effective if the world turns out differently. It may be necessary to sacrifice some expected performance 
in the central projection to achieve acceptable performance over a wider range of possible futures. 
Furthermore, national infrastructure takes time to plan and build, so whichever future is most likely now 
may not be the most likely future when plans have been implemented.

There are a number of strategies to help design policy that is robust to a range of scenarios. Two popular 
approaches involve designing for one scenario and stress testing it to improve performance under 
others or running separate policy design exercises that target different scenarios, and then looking for 
the commonalities.

Planning for one and modifying to fit other scenarios is appropriate when the downsides of being wrong 
about the choice of scenario are minimal. It is simple to implement in a project environment, with clear 
assumptions and risk registers leading to specific mitigation plans.

Planning for multiple scenarios can be appropriate when the downsides of being wrong in any scenario 
are significant, and decision makers are looking to identify activities that perform acceptably across 
many scenarios while waiting for more clarity over which scenario will ultimately unfold. It can involve 
competing teams working on each scenario, setting up ‘red teams’ to challenge assumptions, or 
categorising proposals from stakeholders and others according to the scenarios in which they would 
perform best.
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Box 2: Planning for multiple scenarios

Engineered greenhouse gas removals (2021)39

The Commission explicitly looked at a range of scenarios for which others (the Climate Change 
Committee, UK government, Royal Society, Energy Systems Catapult, National Grid ESO and 
University College London) had mapped out pathways towards the net zero target, and established 
that engineered greenhouse gas removals are required in most of these scenarios. There is a case for 
investing in them in spite of remaining uncertainty over how much of this technology will be required.

Rail Needs Assessment for the Midlands and the North (2020)40

The Commission identified a core portfolio of rail investments that were likely to be deliverable and 
beneficial across a range of scenarios. It also discussed conditions which, if satisfied in the future, would 
support further investments on specific routes.

2.2.2	 Transparency about the risks of being wrong

It will not be possible to design every policy to perform well in all scenarios. It is important to consider 
the consequences of designing for scenarios that ultimately do not come true. To do this effectively, a 
mix of quantitative analysis and careful judgement is likely to be required.

Quantitative analysis can help to identify in which scenarios a policy might perform poorly, with 
judgement required over whether this represents a risk worth taking.41 Infrastructure policy is rarely low 
risk, but it is often possible to identify when the costs of being wrong are lower with one course of action 
than another. Box 3 provides two examples from the first Assessment of how two judgements on the 
risks of being wrong led to quite different policy recommendations by highlighting ready alternatives 
available in one case, and none in the other.

This perspective is sometimes formalised in quantitative approaches such as ‘regret analysis’ or Wald’s 
‘maximin analysis’, and has featured in decision making frameworks for infrastructure investment in the 
UK and elsewhere.42 Such approaches have been critiqued for leading to overly conservative investment 
decisions.43 Used appropriately, and in particular with a more qualitative judgement-based element, it 
is helpful to consider the risks of being wrong alongside other perspectives. The next section discusses 
approaches that are designed to counter any systematic tendency to risk aversion, by viewing individual 
policies within the context of a wider portfolio of investments, and by adapting to the future as it 
unfolds.

Box 3: Quantitative analysis with qualitative judgement

Investing in water assets

To generate recommendations for the water sector in the first Assessment, the Commission looked 
at the major determinants of demand over the long run, the useful life of water assets, the need to 
restore sustainable quantities of water in the environment, and the risks of being wrong. It judged the 
risks of being wrong about asset life to be very low (the materials are well understood, there are no 
real alternatives to underground pipes, and it is hard to imagine conditions underground across the 
whole country changing significantly over the life of the assets). The need to reduce water withdrawals 
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in sensitive environments that have been overexploited was already recognised by government and 
policies were in place to enforce sustainable abstractions. The risks of being wrong about demand are 
higher, but population forecasts at the time were all pointing to some level of increase. If more water 
infrastructure is built than is needed in the short run, population growth will still increase demand to 
match capacity in the longer run, and well within the useful life of the asset. The cost of being wrong is 
very low.

Investing in nuclear assets

Nuclear assets are also relatively long lived and demand for energy can be expected to grow with 
population over the long run. But the Commission recommended a one plant at a time strategy instead 
of a full scale early roll out. It judged that there was a significant risk of locking the UK into a high cost 
technology for a very long time when there are clear alternatives available. The fixed costs of investment 
and the need for regular maintenance to retain the integrity of the assets meant temporarily closing a 
nuclear plant once built is not a viable option. The costs of being wrong about the need for nuclear are 
much higher than for water and justify a one plant at a time approach.

2.3	 Evidence based approaches to action in the face of 
uncertainty

There is no single approach to policy design that will work for all policies in all circumstances. This 
section explores two specific approaches that could support action oriented and evidence based 
decisions to invest in infrastructure in the face of uncertainty.

Building, maintaining and operating infrastructure can be risky, and there will be times where bold and 
decisive action is needed to deliver future infrastructure. It is right for investors including government 
to consider high risk, high reward actions as part of a wider balanced portfolio. In other circumstances, 
uncertainties can be expected to resolve themselves over time. In the context of consistent long term 
policy goals, and with clarity over the triggers for considering new information, adaptive strategies can 
be more appropriate than one off decisions.

2.3.1	 A portfolio perspective can help to balance risks and uncertainties

To justify infrastructure policies that may be individually risky, it is critical to understand whether each 
policy might enhance a wider portfolio’s performance. There are two key aspects to this: seeking a 
balance of investments or policy recommendations across the portfolio, and ensuring these different 
investments face different risks. 

There is a place for high risk infrastructure projects where those risks are understood and effectively 
managed within a wider portfolio. A diverse portfolio of projects will deliver better value for money than 
a more uniform one. A central tenet of this approach is that projects must be in different risk classes: 
projects should be lower risk and lower reward or higher risk and higher reward. A riskier project needs 
to have particularly high returns for this effect to work. There is no place for high risk, low reward 
projects.

In the context of managing uncertainty, the concept of risk can be challenging because it implies an 
understanding of how likely an event is to occur.Scenarios do not have likelihoods attached to them. 
A related but different perspective on balancing uncertainties is therefore to look at whether a policy 
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performs well across a large or small number of scenarios. Performance across a large number of 
scenarios need not mean it is low risk (there could still be significant risks to affordability or deliverability, 
and there may be some understanding of the relatively likelihood of different scenarios, even if this 
cannot be quantified) but might justify the label ‘robust investment’: it performs well across a wide 
range of scenarios. Policy that performs exceptionally well in a small number of scenarios or under very 
particular conditions might be considered a ‘strategic bet’. And policy that is designed to perform well 
when others do not might be called a ‘hedging strategy’.

Robust investments could include projects, or stages within projects, which deliver similar levels of 
net benefit across most alternative scenarios. In identifying these robust investments, it is important 
to look at the risks and uncertainties around that assessment of net benefit. For instance, it may be 
inappropriate to include a project that has immature cost estimates, because the methods used will 
mask whether the project is in fact high risk.

Major road schemes costing between £10m and £500m have shown themselves to deliver relatively 
stable, but by no means transformational, benefit cost ratios. Post opening evaluation studies over a 
10 year period to 2012, and appraisal data for schemes since that date, both show a weighted average 
benefit cost ratio of around 2.7 to 1. Provided there are no significant changes in the way people use 
roads, this historic experience provides a good level of confidence that road schemes on this scale will 
continue to deliver benefits in future and represent lower risk investments with modest rewards.

With a strategic bet, there should be good evidence that: significant benefits could be delivered by the 
infrastructure under fairly well understood conditions; the investment is part of a strategy that aims to 
deliver these conditions; and there is limited scope to reduce the risks of the policy with further work. 
It is demonstrably ‘high risk, high reward’ and has been developed enough to take a firm decision on 
whether it should go ahead. For instance, actions might be required by other parties to deliver the 
housing benefits associated with a new railway station, and whilst there is good reason to think those 
parties will do their best to build the houses, it is outside the control of the infrastructure authority to 
ensure they do so. This is critically different from a blind bet, where there is insufficient evidence of the 
conditions required for the infrastructure to deliver high rewards.

The first Assessment recommended a national full fibre connectivity plan. There were clear scenarios in 
which this recommendation would deliver significant benefits in the order of tens of billions of pounds, 
but also others in which it would not. Big improvements in alternative technology, or simply low take 
up rates of full fibre by households, could make fibre to the premises unnecessary. At the time of the 
first Assessment, when there was less evidence from other countries, this recommendation fulfilled the 
criteria of a high risk and high reward strategic bet.

Hedging activities should pay off in scenarios or situations where the stable core, or perhaps more 
significantly where a strategic bet, does not. A well designed portfolio will have a stable core that 
performs well across almost all scenarios. In this case hedging activities may target futures that are well 
outside the range of reasonably plausible scenarios. Events that take the future outside the range of 
reasonably plausible scenarios are likely to be rare, but very significant when they do occur. As a result, 
hedging activities may be focused on preparing to respond to unlikely events, and in a minority of cases 
may involve complementary investments that would perform well when others do not.

The Commission has previously recommended a one at a time approach to new nuclear capacity, to 
maintain the knowledge and the supply chain to build nuclear power plants just in case a renewables 
dominated power network proves unworkable. This hedge against the risk of renewables failing is not 
without cost, but the cost is worthwhile given the high value of a reliable electricity supply.
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It can be challenging to define what is meant by a good balance of risks and uncertainties across the 
portfolio. It is not for the Commission to say what risk appetite government should have, but the 
Commission does occasionally make the case for a different balance of risks where it sees the potential 
for greater benefit. A purely low risk portfolio is clearly suboptimal, as is one with a very large proportion 
invested in high risk projects. Whilst there is no right answer to what is a good balance of risk, by looking 
at how risky a portfolio is, it is often possible to identify ways to improve that balance of risk. The 
Commission has the capacity to do this by looking across the entire range of infrastructure investments. 

2.3.2	 Adaptive frameworks can build confidence in delivery

There are strong political and economic incentives for government to specify all the details of an 
infrastructure project at an early stage.44 Political capital can be gained from grand promises, which 
create delivery momentum and focus teams on the solution they are building. But not all decisions need 
to be made at such an early stage and within a context of consistent long term policy goals, keeping 
options open can materially improve the chances of delivering benefits as the future becomes clearer. 
At the moment that these decisions must be made, plans should be adapted to reflect the best available 
information.

There are typically costs associated with keeping options open, but the costs of locking into the wrong 
project or the wrong approach too early may be much higher. Economic infrastructure can deliver 
services for many decades, so mistakes and missed opportunities can endure for many years. Equally, 
concern for avoiding mistakes can lead to inaction and status quo bias, ignoring the costs of this 
inaction. 

Adaptive frameworks involve a firm commitment to elements of a project or policy that are more likely 
to deliver some benefit (whether to customers or to the delivery authority in the form of insight), 
providing a lower risk opportunity to learn what works and develop benchmarks for the potential costs, 
timeframes and returns of subsequent phases of investment. 

There are clear trade-offs between keeping options open and providing adequate time for delivery 
planning, so it is critical to have a strong understanding of the design, planning and consenting 
timescales, and the scope within those for leaving options open. In some instances, it will be possible to 
design infrastructure to make it easier to enhance at a later date. For example, laying pipes beneath road 
verges as part of routine upgrades, ready for the fibre optic and power cables likely to be needed for 
connected vehicles.

Timing is a hugely important factor in being ready to adapt to changes in the future. The planning stages 
of a large, risky project are rarely short, and provide an opportunity to look for indications that the 
conditions are right to fully commit to such a project. Setting out specific ‘triggers’ for changing the 
scope of a project can sometimes help, though the triggers should be chosen with care. For instance, 
the pathway of global emissions changes relatively slowly, so decision-makers will know well in advance 
whether they need to start building for a world that is not 1.5 degrees warmer, but 3 degrees or even 
more.

Adaptive frameworks do not involve building half a bridge. That is, the initial commitment should yield 
insights directly, allowing the infrastructure authority to learn from its experience of costs, benefits and 
schedule risks before committing to future stages of work. In some cases, this may still involve upfront 
commitments to large projects over many years. 
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In others, the benefits might come from finding out a first phase delivered unneeded infrastructure, and 
further investment should be avoided or at least delayed. Adaptive frameworks may generate stranded 
assets, but on a smaller scale to all or nothing investment decisions: they keep options open that can be 
affordably written off if necessary. Hedging or preparedness strategies should be considered alongside 
adaptive planning.

Box 4: High Speed Rail in France45

The experience of high speed rail in France can be viewed as a successful adaptive approach to 
infrastructure planning. The first line between Paris and Lyon was approved in 1978, and opened by then 
President François Mitterrand in 1981. Knowing such lines could be built affordably, rapidly and with 
stakeholder support, Mitterrand used the opening ceremony to announce his approval of a second line 
from Paris towards the West Coast. This second line opened in full in 1990.

With proof of ongoing demand for high speed rail services, in 1991 the government committed to 
a national masterplan for high speed rail links. This has subsequently seen three new lines and two 
significant extensions added to the high speed rail network in France.

Stakeholder engagement for Tours-Bordeaux section46

The Organisation for Economic Cooperation and Development (OECD) points to France as having 
an effective consultation process for major transport infrastructure. Public meetings to inform local 
residents were part of the process even at the earliest stages, and over the course of the project nearly 
20,000 interested members of the public visited construction sites to understand what was going on. 
Consultations lead to meaningful changes to plans: the route was modified, local roads improved, and 
natural habitats created in compensation for others disturbed or destroyed.

Adaptive frameworks face a particular challenge in staying adaptive beyond the earliest stages, 
as delivery and political momentum for one particular solution builds. Skilful communication and 
stakeholder management is critical to convey the degree to which there is (or should be) a commitment 
to explore, or to actually build, a new piece of infrastructure.

Effective communication around adaptive pathways is emerging as a key part of long term water 
resource management strategies in England. For instance, Water Resources South East (WRSE) 
consulted in January 2022 on their approach to adaptive planning to future-proof water supplies in the 
South East. The approach involves a specific set of potential schemes to deliver in the period 2025-2040, 
three alternative pathways for the period 2040-2060 and further alternative pathways thereafter .47 The 
consultation document has a substantial section on how WRSE is planning for an uncertain future and 
cites feedback from customers that they ‘would prefer a plan that has the flexibility to deal with future 
changes.48

The Commission has worked with the Organisation for Economic Cooperation and Development on 
this issue and recommends seeking broad based support for infrastructure plans as a way to reduce 
uncertainty around funding and approvals. The paper Developing Strategic Approaches to Infrastructure 
Planning discusses the issue in more depth.49

Where uncertainty about the future means the right type and scale of infrastructure is unclear, it is all the 
more important to develop broad-based support for action that leaves room to adapt. 
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Ahead of the first Assessment, the Commission published papers on the 
key drivers of infrastructure supply and demand, alongside a review of 
scenarios across infrastructure sectors. Some of these scenarios have 
changed since the first Assessment, illustrating some of the challenges 
inherent in attempts to understand future uncertainty. 

This section presents the Commission’s review of scenarios in the energy and transport sectors and 
goes on to discuss how key drivers of infrastructure demand and supply have changed since the first 
National Infrastructure Assessment. It supports the case for the approach described in section 2.

3.1	 Scenarios
Scenarios describe the possible future context within which infrastructure policy should be made. This is 
distinct from ‘policy pathways’ towards a specified policy goal, which would capture the effects of new 
infrastructure policy.

The Commission has looked at work published by other organisations to understand the full range of 
demand scenarios relevant to its sectors and will seek to reflect this range in its own analysis for the 
second Assessment. The published literature on energy and transport demand scenarios provide helpful 
illustrations of the degree of uncertainty faced by infrastructure policy makers. Scenarios for these two 
sectors are routinely published by industry, government or academia. They are often based on large and 
complex models and represent fairly wide but reasonably plausible ranges.

In reflecting the ranges produced by other organisations, the Commission does not need to accept 
every input assumption used to generate them. Any given level of demand can be achieved by many 
different combinations of input assumptions. Describing the full range of possible future scenarios for 
demand and cost is far more important than the precise combination of inputs that generated each 
scenario. 

All the Commission’s recommendations will be consistent with net zero. In some cases, that suggests 
looking only at net zero scenarios, but recommendations may also consider what more would need 
to be done in scenarios that do not achieve net zero, in effect describing a policy pathway from the 
scenario back to the net zero target. A number of publications include demand scenarios that lie outside 
the range of net zero consistent scenarios. 

3.	 Review of scenarios and 
their drivers of change
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3.1.1	 Review of energy scenarios

The energy literature is dominated by the government’s net zero target, which acts as a constraint across 
many but by no means all the published scenarios. With electrification expected to play a significant role 
in transitioning the economy to net zero carbon by 2050, scenarios of electricity demand provide a good 
insight into the wider sector.

Electricity demand in 2020 reached a thirty year low of 330 TWh50. Demand has been declining for a 
number of years,51 with a larger than expected fall in 2020 primarily due to responses to the Covid-19 
pandemic.52 Scenarios of future electricity demand start from slightly different levels in 2020, depending 
on when they were produced, but all are broadly consistent with observed demand in that year.

In total, the Commission has identified over 30 different scenarios for electricity demand published by 
eight organisations. There is broad agreement across these scenarios that the 2020s are likely to be 
characterised by only modest changes to total demand for electricity. All scenarios show an increase in 
demand for electricity in the period from 2030 to 2050, as significant sectors of the economy switch to 
electricity and away from fossil fuels.

In a net zero 2050, the published literature shows demand for electricity could be in the range of 560-
890 TWh. This would represent an increase compared to 2020 of between 70 per cent and 170 per cent. 
For context, the 30 years from 1970 to 1999 saw around a 68 per cent rise in electricity consumption,53 
while the 1950s and 1960s saw much faster growth but from a lower base.54 The change to the sector is 
not unprecedented, but is significant even at the lower end of the scenarios.

Figure 3.1: Demand for electricity in 2050 could be between 560 and 890 TWh

Scenarios of future electricity demand in the UK

Source: See appendix 1 for full list of scenarios in this chart
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Many of the higher scenarios assume there is significant electrification of heating and that nearly all road 
transport including HGVs is electrified, which adds substantially to overall demand. Some also include 
electricity demand for direct air carbon capture and storage. But it is possible to imagine somewhat 
higher electricity demand associated with less progress on energy efficiency. This further reinforces the 
need to ensure policy which is designed for the full range of scenarios is also tested against events that 
could take the future outside this range.

Some lower demand scenarios foresee a major role for hydrogen in heating and little change to 
consumer behaviour. Again, it is possible to imagine lower electricity demand if for instance efficiency 
gains are substantially higher than assumed.

3.1.2	 Review of transport scenarios

The transport literature is markedly less diverse than energy, with most scenarios closely related to 
those produced by the Department for Transport. This is unsurprising given that both road and railway 
infrastructure investment is funded to some extent by government, creating a strong incentive to 
use scenarios the government recognises. However, this apparent convergence in scenarios should 
not be taken as meaning that the uncertainty is low. The cluster of current scenarios that are close to 
Department for Transport projections may not be sufficiently broad to reflect all future uncertainties. 
The impact of the Covid-19 pandemic on mobility illustrates the possibility for surprising shifts from 
previous demand trends. 

Roads are used for around 90 per cent of the miles travelled by passengers in Great Britain55 and 79 per 
cent of all freight miles.56 Roads dominate trends in the wider transport sector, so are presented here 
to illustrate findings. Road demand by all vehicle types in England in 2020 was significantly affected 
by the Covid-19 pandemic,57 declining from a historic high of 307 billion vehicle miles in 2019 to some 
242 billion vehicle miles. All scenarios of future road demand pre-date the pandemic, so do not reflect 
recent history or any potential changes to future travel behaviours that might result. The Commission 
has identified eleven scenarios published by two organisations, in addition to the ten scenarios 
the Commission produced in 2017 for the first National Infrastructure Assessment. All seven of the 
Department for Transport scenarios and two of the four scenarios from the Centre for Research into 
Energy Demand Solutions project a relatively straight line increase in demand for road transport. The 
Commission’s own scenarios are similar, with a slightly wider range than those by the Department for 
Transport.

The final two demand projections from the Centre for Research into Energy Demand Solutions describe 
a radically different vision of future transport demand, with substantial declines between 2020 and 2030 
to levels not seen since the early 1990s.58 In these two possible futures the authors take a view on what 
they would like to see change in relation to government policy and societal behaviours over the next 30 
years. The Commission will use scenarios to define the starting conditions from which to begin its work 
in the second Assessment and needs to avoid building in assumptions about changes to infrastructure 
policy. Pathways like this have an important place in policy making, but not in defining the starting 
conditions on which to build policy.

The Commission’s own work on behaviour change and infrastructure beyond the Covid-19 pandemic 
suggests that any given pre-pandemic transport demand scenario could be adjusted downwards by up 
to 10 percentage points as a result of the pandemic.59 In effect, every scenario in Figure 3.1 could begin in 
the region of 270 billion vehicle miles rather than 300 billion vehicle miles. 
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Stable trends in travel behaviours since the pandemic are yet to be established, so conclusions in the 
Commission’s behaviour change study from May 2021 may already be outdated. The most recent data on 
travel demand shows that in late April and early May 2022, road vehicle use in Great Britain had reached 
similar levels to equivalent weekdays before the pandemic, and exceeded similar levels for weekends.60

In 2050, the published literature shows demand for road transport could be almost 450 billion vehicle 
miles per year. That is an increase of around 47 per cent on pre-pandemic levels, and higher than the 
30 years to 2019 (40 per cent growth) but substantially lower than all other 30 year periods since 1950.61 
The Commission’s own scenario ‘central economic growth, high population, high technology’ defines 
the upper bound of this range and is very similar to Department for Transport’s ‘Shift to Zero Emissions’ 
scenario. 

Figure 3.2: Demand for road transport in England in 2050 could be as high as 450 billion vehicle miles, 
or broadly similar to today

Road demand scenarios for England, 2020 to 2050

Source: see appendix 1 for full list of scenarios in this chart

Most scenarios show steadily rising demand, albeit with some rising more slowly than others. The 
Commission’s own ‘zero income elasticity’ scenario imagines a world in which the historic link between 
economic growth and transport demand is broken. Here, future increases in transport demand 
are driven by population growth and technology that makes it cheaper or more attractive to drive. 
Combining the Commission’s more recent work on behaviour change beyond Covid-19 with this 
scenario might indicate a lower bound close to 300 billion vehicle miles in 2050. The Commission will 
further develop its view of an appropriate plausible lower bound for road transport.
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The scenarios presented here for both electricity and road transport are highly aggregated national 
viewpoints that inevitably mask the potential for greater variation at smaller scales. Lower electricity 
demand might arise from reliance on hydrogen and carbon capture and storage, but low levels 
of demand could also be delivered with substantial electrification of the economy and significant 
improvements in energy efficiency. There are substantially different policy implications from these two 
apparently similar scenarios. Equally, at regional and local levels road demand may experience much 
wider variation than the national average. It is essential to interrogate scenarios and the drivers of 
change behind those scenarios.

3.2	 Understanding drivers of change in infrastructure
Many of the underlying trends driving future demand scenarios have changed significantly in the past 
five years, but the manner in which they influence infrastructure remains stable. The literature review 
discussed above includes scenarios published between 2014 and 2022, with some evidence of systematic 
changes in scenarios over the period. Figure 3.1 above illustrates the point, with the set of more recent 
net zero consistent scenarios covering a much narrower range than older scenarios that were not 
constrained in this way. This may be because the choice to pursue net zero limits the set of technologies 
available for power generation, resulting in less uncertainty over price and therefore demand. In this 
context, it is important to have an up to date understanding of key drivers of change in infrastructure.

The Commission has considered six areas that impact the supply and demand of economic 
infrastructure: population, economic growth, environment, technology, behaviour change and 
government (non-infrastructure) policy. The first four of these were the subject of a series of 
Commission discussion papers in the run up to the first Assessment. A direct comparison can be made 
with previous expectations of population, economic growth and environmental change, and reinforces 
the need for the approach to managing uncertainty discussed in section 5. 

3.2.1	 The links between infrastructure and selected drivers of change

Population and demographic change have a very direct impact on demand for infrastructure services 
both overall and in terms of where in the country that demand is concentrated. Infrastructure assets 
deliver services that are consumed by households, businesses, government and the third sector. Around 
70 per cent of UK output is bought by UK consumers,62 meaning population change also indirectly 
affects demand for infrastructure via businesses. Government and the third sector predominantly serve 
the UK population (with exceptions like overseas aid), so changes in population affect these sectors’ 
demand for infrastructure services too.

The link between population and economic infrastructure is discussed in more detail in The impact 
of population change and demography on future infrastructure demand63 and has not changed 
substantially since this was published in 2016.

Economic growth is associated with rising demand for infrastructure services. As households get richer, 
they tend to buy more and use more infrastructure services like water and electricity. Consumption 
of goods tends to generate waste and the need for waste infrastructure, while consumption of 
personal services and leisure opportunities typically require transport, and online services need digital 
infrastructure. Economic growth and demand for infrastructure services reviewed recent estimates 
of the relationship between economic growth and demand for infrastructure and found, in general, 
demand rises less than proportionately to income growth.64
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The environment affects both supply and demand for infrastructure. The frequency and severity of 
extreme weather associated with climate change represents risks to supplying infrastructure services 
and requires adaptation of the infrastructure itself. Climate and environmental change can also be 
expected to lead to more flooding and higher demand for flood protection infrastructure. It may also 
reduce water availability and raise the costs of water treatment.

Meeting the demands of a net zero carbon economy by 2050 represents a significant driver of change 
across all economic infrastructure and constrains what the future must look like.

Technology must be analysed differently from other drivers of change. By its very nature, there is no 
single consistent way to directly measure the rate of technological change across an economy: every 
advance in technology is qualitatively different from the previous one. Rather than look for quantitative 
forecasts of technological change, the Commission has developed a framework for understanding its 
possible impact on infrastructure and a systematic review of technologies on the horizon.

Technology can act as a direct driver of infrastructure supply and demand. It can interact with other 
trends to enable behaviour change and may support delivery of infrastructure policies like achieving net 
zero carbon. There are six elements to the Commission’s technology driver framework which help to 
describe its effects on individual pieces of infrastructure and whole systems. 

Technology can:

1.	 Reduce the need to build new infrastructure: Innovations in how infrastructure is managed 
can help to use existing infrastructure more efficiently, reducing the need for new building 
programmes.

2.	 Create demand for additional infrastructure: The internet has provided an opportunity 
to move many services online, which has in turn directly increased demand for digital 
infrastructure to access these services.

3.	 Lower the cost of supplying infrastructure: Innovations in materials and faster or less 
wasteful manufacturing processes can lower the costs of supplying infrastructure.

4.	 Create demand for a new infrastructure system: Newer modes of transport have historically 
offered faster access to a wider range of services and opportunities, requiring big expansions 
in their networks to accommodate demand.

5.	 Reduce demand for infrastructure systems: New technologies like television in the 1950’s 
have reduced demand for competitor technologies like cinema, and in so doing may have 
contributed to falling demand for evening and weekend public transport services.

6.	 Create more vulnerable infrastructure systems: The success of reliable electricity 
infrastructure has led many previously independent infrastructure systems to become 
dependent on electricity. Gas boilers in the home are now typically ignited by an electrical 
spark instead of a pilot flame. These other infrastructure systems now share risks faced by 
electricity infrastructure.

Behaviour change and non-infrastructure policy represent important additions to the set of drivers and 
are discussed at the end of this section.
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3.2.2.	 Population is expected to grow, but more slowly than previously

Projections of national population growth have changed significantly since 2016 (based on 2014 data) 
and are subject to on-going revision by the Office for National Statistics. They will be revised again 
in 2023 based on the 2021 census. The latest interim publication contained a single scenario – its 
2020-based principal projection.65

The 2020-based principal projection shows that by 2050, the UK population may have grown to 71.4 
million. That is 6 million people fewer than in the 2014-based principal projection, but within the range 
of all 2014-based scenarios. This significant fall is largely a result of successive incremental revisions to 
fertility rate and life expectancy: both these assumptions were revised downwards in 201666, 201867 and 
2020.68 Figure 3.3 demonstrates the importance of planning for a wide range of future scenarios, and 
shows the 2020-based principal projection overlayed on top of the full set of 2014-based alternatives.

Figure 3.3: The latest principal population projection is substantially lower than its 2014 equivalent, 
but still with the 2014 range

Principal population projections and alternatives, 2014 to 2050

Source: Office for National Statistics

The Office for National Statistics has chosen not to publish 2020-based projections of sub-national 
population growth, but 2018-based data indicates that this picture has changed substantially too. In The 
impact of population change and demography on future infrastructure demand, the Commission found 
that London was expected to grow strongly over the 25 years from 2014 to 2039, with other major cities 
also expected to see growth ahead of the rest of the country. The 2018-based projections suggest all 
cities can be expected to grow much less strongly than previously thought.
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The pandemic is thought to have had a very significant impact on some people’s choices over where 
to live and work, so the 2018-based projections are particularly open to uncertainty. The trend towards 
slower growing cities (in population terms) may be exacerbated, although data to verify this is not yet 
available.

Figure 3.4: City populations are no longer expected to be growing significantly faster than the rest of 
the country

Population growth projections in cities, towns and rural areas, 2014 to 2039

Source: Office for National Statistics

3.2.3	 Economic growth is also expected to grow more slowly than predicted

The second half of the 20th century was characterised by annual economic growth in the range of 2-2.5 
per cent, leading many forecasters at the beginning of the 21st century to believe that would continue. 
Since the 2007-08 financial crisis, economic growth has been far lower than this at an average of 1.2 per 
cent per year up to 2019.69 

It has taken time to establish whether this experience is temporary or permanent, and so the 
Commission’s March 2017 paper Economic growth and demand for infrastructure services presented 
three scenarios. The central projection followed consensus at the time that growth would revert 
to its 20th century trend, and from 2020 to 2050 the economy would grow by 74 per cent based on 
assumptions from the Office for Budget Responsibility.70 Recognising this was different from the previous 
decade’s experience, the Commission also constructed a modest scenario with 67 per cent growth from 
2020 to 2050. A final lower scenario was based on a longer-term look at growth before the 20th century 
and suggested only 23 per cent growth from 2020 to 2050.71
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Since then, the Office for Budget Responsibility have made two significant downgrades to their 
expectations for long term growth. Based on their latest March 2022 figures, the economy is expected 
to be 55 per cent larger in 2050 than it was in early 2020 before the pandemic began.72 That is lower than 
the modest growth scenario the Commission published in 2017, again demonstrating the importance of 
creating and then planning for multiple scenarios.

Figure 3.5 updates a chart published in Economic growth and demand for infrastructure services and 
illustrates the emerging step-down in long run economic growth. It plots actual annual economic 
growth, overlayed with a 15-year moving average to help smooth the annual variation and identify 
longer-term trends. A series of step changes are visible in the smoothed line, as successive waves 
of technology have transformed the economy. In the most recent decade, annual growth has been 
consistently below the 15-year moving average, causing that smoothed series to decline in every year 
since the financial crisis. 

Figure 3.5: There have been a number of phases of per capita GDP growth since the 1700s, and recent 
signs of lower growth since the 2007/08 financial crisis

Per capita GDP growth over the period 1750 to 2016

Source: Bank of England and Commission calculations

The steps between phases of growth visible in Figure 3.5 can be extremely hard to predict and are 
not much easier to explain with the benefit of hindsight. General purpose technologies, and their 
progressive adoption through the economy, may have an important role to play in explaining epochal 
changes in economic growth though the question of which technologies had what effect remains 
contested.73 
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The first step up visible in the figure, sometime between 1830 and 1850, can be explained by a number 
of alternative technologies and associated changes in society.74 The invention of steam trains and the 
expansion of the rail network during the 1840s and 1850s provides one possible explanation75 alongside 
steam ships and the electric telegraph, but by this time steam engines in some form had been in use for 
over one hundred years in other parts of the economy. Even once a new general purpose technology 
like steam has been invented, it can be extremely hard to predict when it will have its greatest impact on 
economic growth.76 It is equally challenging to predict when (if even) that effect may have run its course, 
with growth rates falling back to more modest levels.

3.2.4	 Environmental change is expected, with a widening range of uncertainty

Since the Commission published The impact of the environment and climate change on future 
infrastructure supply and demand in 2017, a number of major new studies have been published. They 
demonstrate both the critical need to decarbonize the economy and to adapt to unavoidable changes in 
the climate, while emphasising the significant uncertainties around predicting long term environmental 
change. The UK Climate Projections 2018  provides a case in point.

The 2018 projections update a similar exercise from nine years earlier, UK Climate Projections 2009 
with improved modelling and forecasting methods as well as newer data on the potential impacts 
of a warming climate. The 2018 projections largely reinforce the findings from 2009, showing an 
upward trend in average temperatures across the UK, but a wide range of uncertainty around future 
rainfall.77 The most striking difference however is that the uncertainty range is wider in the more recent 
projections. Better knowledge about the potential impacts of a changing climate has led scientists to 
conclude the future is more uncertain than first thought and illustrates the need to remain humble 
about the limits to knowledge at any given moment in time.  This insight reinforces the need to describe 
how the world must change for a policy recommendation both to perform optimally and to fail entirely.

3.2.5	 Behaviour change and infrastructure

Behaviour change may be enabled by other drivers of change or may happen independently and has the 
potential to affect demand for infrastructure services. In Behaviour change and infrastructure beyond 
Covid-19, the Commission explored a range of models for behaviour change and found few historic 
events have afforded consumers the capability, opportunity and motivation required to trigger long 
lasting behaviour change. Most examples in this report saw temporary changes in behaviour, followed 
by a return to previous behaviours. However, the report also highlighted that the Covid-19 pandemic 
may be more likely to lead to a permanent shift in motivations combined with an ability to work from 
home, which could enable and cause long term behaviour change.78

3.2.6	 The impact of non-infrastructure policy on future infrastructure supply and 
demand

Non-infrastructure policy has an important but indirect influence on infrastructure supply and demand. 
The Commission does not have a mandate to comment on non-infrastructure policy but does recognise 
that its work fits into a wider policy context which is important to understand.

Non-infrastructure policy can be understood to affect infrastructure within a similar framework to 
technology: it can increase or decrease demand for infrastructure and change the costs of infrastructure 
in ways that indirectly affect its supply. 
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Housing and non-infrastructure planning policy is outside the Commission’s remit, but has a direct 
influence on where households and businesses can locate and where infrastructure services will be 
needed. Office for National Statistics projections of subnational population change are largely based 
on historic trends so could miss significant changes in housing policy. The Commission will not make 
predictions of the impacts of changes in housing and non-infrastructure planning policy, and instead 
will ensure the range of population projections it relies on is wide enough to accommodate future policy 
changes.

The way in which services are delivered by government can have localised impacts on transport 
infrastructure, in particular. The government’s ‘digital by default’ agenda involves delivering services 
that are “so straightforward and convenient that all those who can use digital services will chose to 
do so, while those who can’t are not excluded.”79 It focusses on the services provided by government 
departments and agencies, like paying for taxes and accessing advice from the NHS, so is distinct 
from digital infrastructure policy which centres on the networks providing telecommunications and 
internet connectivity. Digital by default has potential to reduce demand for transport services, whilst 
also constraining government’s ability to remove such services in response to reduced demand. The 
Commission treats this and similar non-infrastructure policies as constraints to work within, making this 
essential context to understand as it prepares the second Assessment.

Skills policy has historically had a significant impact on both the scale and nature of infrastructure 
required, in particular in university towns and cities. The 1950s and 1960s saw a concerted policy effort 
to increase numbers of people in higher education.80 The aim was to secure the country’s long term 
economic prosperity. It led to an expansion in the student population of university towns and cities 
from around 200,000 in 196081 to 2.7m today.82 In a city like Nottingham, the student population can 
be as high as 20 per cent of the total.83 This will place qualitatively different demands on infrastructure 
compared to an equivalent population in full time work. An expansion in the population of this scale is 
an important driver of infrastructure planning and, where it represents a departure from historic trends, 
care should be taken to ensure it is captured in the range of population projections used.

Skills policy has influenced the sectoral mix of the UK economy, with implications for the economy driver 
too. Today, as many as 24-38 per cent of jobs require a bachelor’s degree.84 Whilst comparable statistics 
are not available, in 1960 around 2.7 per cent of the population had a bachelor’s degree.85 The skills mix 
has changed dramatically, and with that the types of economic activity and their need for infrastructure.

Non-infrastructure policy can influence other drivers of change both in scale and nature. The 
Commission views non-infrastructure policy as context that is vital to understand without seeking to 
influence. Where non-infrastructure policies might lead the future to look significantly different from 
the past, it is important to ensure the range of scenarios around infrastructure demand and cost are 
sufficiently wide to accommodate these policies without commenting on their effectiveness. Making 
specific predictions is far less important than fully representing the range of possible alternative futures, 
and identifying specific risks that could take the future outside of this range.



32

National Infrastructure Commission | Managing uncertainty in the second National Infrastructure Assessment

The approach to understanding, managing and responding to 
uncertainty described in this paper will be developed further by the 
Commission in its preparation of the second national infrastructure 
assessment. 

The Commission will develop scenarios of the future for each of its sectors that reflect the wide 
range of uncertainty in the literature around infrastructure demand and cost. It will ensure a basic 
level of consistency between the range of scenarios in each sector, without introducing undue 
complexity.

Policy recommendations in the second Assessment will seek to incorporate ideas about designing for 
multiple alternative futures, keeping options open, adaptive frameworks and procedures that improve 
preparedness. 

The Commission’s approach to decision making will reflect the need to carefully consider all possible 
scenarios, to look across the portfolio of its recommendations, and to respond when the future takes an 
unexpected course.

The Commission believes it is good practice to set out the actions it has taken to make 
recommendations robust to a range of scenarios. Where possible, the costs of inaction should be set out 
alongside the costs of flexibility and the costs of the recommendations themselves. This might involve 
recognising the risk of creating stranded assets due to low demand, alongside the risk of failing to 
deliver the required service due to high demand. Together these insights will help to correct for known 
biases and make the case for action to improve infrastructure in spite of uncertainty.

4.	Conclusion
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Scenarios reviewed and included in Figure 3.1

Author Title List of scenarios

Aurora Energy Research GB power market forecast 1.	 Central

2.	 Low

3.	 High

Centre for Research into 
Energy Demand Solutions

The role of energy demand 
reduction in achieving net-
zero in the UK

4.	 Ignore demand

5.	 Steer demand

6.	 Shift demand

7.	 Transform demand

Climate Change Committee The sixth carbon budget: 
electricity generation sector 
summary

8.	 Balanced Net Zero pathway

9.	 Headwinds

10.	Widespread Engagement

11.	 Tailwinds

Department for Business 
Energy and Industrial 
Strategy

Net zero strategy: build back 
greener

12.	 Lower demand without 
hydrogen

13.	 Lower demand with hydrogen

14.	Higher demand without 
hydrogen

15.	 Higher demand with hydrogen

Imperial College London and 
Vivid Economics

Accelerated electrification 
and the GB electricity system

16.	 Central

17.	 Rapid EV

18.	 Rapid HHV

19.	 Rapid EV + HHV

National Grid ESO Future Energy Scenarios 20.	Steady progression

21.	 Consumer transformation

22.	Systematic transformation

23.	Leading the way

Appendix 1: Scenario sources

https://auroraer.com/analytics/gb-power/
https://www.researchgate.net/publication/355105825_The_role_of_energy_demand_reduction_in_achieving_net-zero_in_the_UK
https://www.researchgate.net/publication/355105825_The_role_of_energy_demand_reduction_in_achieving_net-zero_in_the_UK
https://www.researchgate.net/publication/355105825_The_role_of_energy_demand_reduction_in_achieving_net-zero_in_the_UK
https://www.gov.uk/government/publications/net-zero-strategy
https://www.gov.uk/government/publications/net-zero-strategy
https://www.researchgate.net/publication/340062374_Accelerated_electrification_and_the_GB_electricity_system
https://www.researchgate.net/publication/340062374_Accelerated_electrification_and_the_GB_electricity_system
https://www.nationalgrideso.com/future-energy/future-energy-scenarios
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National Infrastructure 
Commission

Congestion, capacity, 
carbon: Priorities for national 
infrastructure

24.	Central growth, high 
population, central technology

25.	Central growth, high 
population, high technology

26.	Low growth, central population, 
high technology

27.	 Central growth, central 
population, central technology

28.	Central growth, central 
population, high technology

Stamford and Azapagic 
(University of Manchester)

Lifecycle sustainability 
assessment of UK electricity 
scenarios to 2070

29.	65 per cent scenario

30.	80 per cent scenario

31.	 100 per cent scenario

Scenarios reviewed and included in Figure 3.2

Author Title List of scenarios

Centre for Research into 
Energy Demand Solutions

The role of energy demand 
reduction in achieving net-
zero in the UK

1.	 Ignore demand

2.	 Steer demand

3.	 Shift demand

4.	 Transform demand

Department for Transport Road Traffic Forecasts 2018 5.	 Reference

6.	 High GDP, low fuel price

7.	 Low GDP, high fuel price

8.	 High migration

9.	 Low migration

10.	Extrapolated travel trends

11.	 Shift to electric vehicles

https://nic.org.uk/app/uploads/Congestion-Capacity-Carbon_-Priorities-for-national-infrastructure.pdf
https://nic.org.uk/app/uploads/Congestion-Capacity-Carbon_-Priorities-for-national-infrastructure.pdf
https://nic.org.uk/app/uploads/Congestion-Capacity-Carbon_-Priorities-for-national-infrastructure.pdf
https://www.sciencedirect.com/science/article/pii/S0973082614000957
https://www.sciencedirect.com/science/article/pii/S0973082614000957
https://www.sciencedirect.com/science/article/pii/S0973082614000957
https://www.researchgate.net/publication/355105825_The_role_of_energy_demand_reduction_in_achieving_net-zero_in_the_UK
https://www.researchgate.net/publication/355105825_The_role_of_energy_demand_reduction_in_achieving_net-zero_in_the_UK
https://www.researchgate.net/publication/355105825_The_role_of_energy_demand_reduction_in_achieving_net-zero_in_the_UK
https://www.gov.uk/government/publications/road-traffic-forecasts-2018
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National Infrastructure 
Commission

Congestion, Capacity, 
Carbon: Priorities for national 
infrastructure

12.	 Central growth, high 
population, central technology

13.	 Central growth, low population, 
central technology

14.	Central growth, central 
population, central technology

15.	 Low growth, central population, 
central technology

16.	 Central growth, central 
population, high technology

17.	 Low growth, central population, 
high technology

18.	 Central growth, redistribution of 
population, central technology

19.	 Modest growth, low population, 
central technology

20.	Zero income-elasticity

https://nic.org.uk/app/uploads/Congestion-Capacity-Carbon_-Priorities-for-national-infrastructure.pdf
https://nic.org.uk/app/uploads/Congestion-Capacity-Carbon_-Priorities-for-national-infrastructure.pdf
https://nic.org.uk/app/uploads/Congestion-Capacity-Carbon_-Priorities-for-national-infrastructure.pdf
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The National Infrastructure Commission (NIC) was established as an 
executive agency of the Treasury to provide impartial, expert advice and 
make independent recommendations to the government on economic 
infrastructure. The Commission operates independently, at arm’s length 
from government.

The Commission’s purpose, and its principal outputs, accountabilities 
and duties are set out in its Charter and accompanying Framework 
Document.

The inaugural Framework Document published in 2016 committed government to reviewing the 
Commission’s performance of its core objectives and responsibilities within five years. This review 
was conducted during 2021 and is reflected in a revised and enhanced set of objectives and fiscal 
remit for the Commission, set out below. The date of the next such review will be no later than 2026.

The Commission’s remit covers all sectors of economic infrastructure: energy, transport, water and 
wastewater (drainage and sewerage), waste, flood risk management and digital communications. 
The Commission also considers potential interactions between its infrastructure recommendations 
and housing supply; and between its recommendations and the government’s legal target to halt 
biodiversity loss by 2030. This explicit biodiversity consideration was added in 2021. Housing supply 
itself, other social infrastructure such as schools, hospitals or prisons, and agriculture and land use are all 
outside the remit of the Commission.

The Commission’s objectives are to: i) support sustainable economic growth across all regions of the 
UK, ii) improve competitiveness, iii) improve quality of life, and iv) support climate resilience and the 
transition to net zero carbon emissions by 2050. The latter objective was added in 2021.

In fulfilling its purpose and objectives, the Commission seeks to:

	z set a long term agenda – identifying the UK’s major economic infrastructure needs, and the 
pathways to address them

	z develop fresh approaches and ideas – basing our independent policy recommendations on 
rigorous analysis, and

	z focus on driving change – building consensus on our policy recommendations, and 
monitoring government progress on their delivery.

The Commission delivers the following products and services:

	z a National Infrastructure Assessment once in every Parliament, setting out the Commission’s 
assessment of long term infrastructure needs with recommendations to the Government

Remit and structure of the Commission

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1028250/Updated_NIC_charter_v.final2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1028251/Updated_framework_document_v.final2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1028251/Updated_framework_document_v.final2.pdf
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	z specific studies on pressing infrastructure challenges as set by the government, taking 
into account the views of the Commission and stakeholders; these studies will include 
recommendations to government

	z an Annual Monitoring Report (styled as an Infrastructure Progress Review), taking 
stock of the government’s progress in areas where it has committed to taking forward 
recommendations of the Commission.

The Commission’s binding fiscal remit requires it to demonstrate that all its recommendations for 
economic infrastructure are consistent with, and set out how they can be accommodated within, gross 
public investment in economic infrastructure of between 1.1 per cent and 1.3 per cent of GDP each year 
between 2025 and 2055. The fiscal remit was previously between 1.0 per cent and 1.2 per cent of GDP. The 
Commission’s reports must also include a transparent assessment of the impact on costs to businesses, 
consumers, government, public bodies and other end users of infrastructure that would arise from 
implementing its recommendations.

When making its recommendations, the Commission is required to take account of both the role of the 
economic regulators in regulating infrastructure providers and the government’s legal obligations, such 
as carbon reduction targets. The Commission’s remit letter also requires the Commission to ensure that 
its recommendations do not reopen decision making processes where programmes and work have been 
decided by the government or will be decided in the immediate future.

The Infrastructure and Projects Authority (IPA), a separate body, is responsible for ensuring the long 
term planning carried out by the Commission is translated into successful project delivery, once the 
plans have been endorsed by government.

The Commission’s remit extends to economic infrastructure within the UK government’s competence. 
Across much of the Commission’s remit there is currently substantial devolution to Northern Ireland, 
Scotland and Wales. The Commission’s role is to advise the UK government. But the Commission works 
with both the UK government and the devolved administrations where responsibilities interact.

Table: Devolved administration responsibilities, by infrastructure sector

Sector Devolved administration responsibility

Northern Ireland Scotland Wales

Digital Reserved Reserved Reserved

Energy Devolved, except 
nuclear

Reserved, except 
energy efficiency

Reserved, except 
energy efficiency

Flood risk Devolved Devolved Devolved

Transport Devolved Largely devolved Devolved, except rail

Waste Devolved Devolved Devolved

Water and sewerage Devolved Devolved Devolved

https://www.gov.uk/government/publications/remit-letter-to-the-national-infrastructure-commission--2/remit-letter-to-the-national-infrastructure-commission
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The Commission’s members

The National Infrastructure Commission comprises a Chair and between four and 12 additional non-
executive Commissioners.

The current members of the Commission are:

Sir John Armitt CBE (Chair) published an independent review on long-term 
infrastructure planning in the UK in September 2013, which resulted in the National 
Infrastructure Commission. Previously Chief Executive of Railtrack (later Network Rail), 
Sir John sits on the boards of the Berkeley Group and Expo 2020.

Professor Sir Tim Besley CBE is School Professor of Economics and Political Science 
and W. Arthur Lewis Professor of Development Economics at the LSE. From September 
2006 to August 2009, he served as an external member of the Bank of England 
Monetary Policy Committee.

Neale Coleman CBE is a co-founder of Blackstock Partnership. He worked at the 
Greater London Authority from 2000-2015 leading the Mayor’s work on London’s 
Olympic bid, the delivery of the games, and their regeneration legacy. Neale has also 
served as Policy Director for the Labour Party.

Andy Green CBE holds several Chairman, Non-Executive Director and advisory roles, 
linked by his passion for how technology transforms business and our daily lives. He 
chairs Lowell, a major European credit management company and has served as Chair 
for the Digital Catapult, an initiative to help grow the UK digital economy.

Professor Jim Hall FrEng is Professor of Climate and Environmental Risks in the 
University of Oxford and Director of the University’s Environmental Change Institute. 
He is internationally recognised for his research on risk analysis and decision making 
under uncertainty for water resource systems, flood and coastal risk management, 
infrastructure systems and adaptation to climate change. 

Professor Sadie Morgan OBE is a founding director of the Stirling Prize winning 
architectural practice dRMM. She is also Chair of the Independent Panel for High 
Speed Two and is a Mayor’s design advocate for the Greater London Authority. She sits 
on the boards of the Major Projects Association and Homes England.
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Julia Prescot holds several board and advisory roles. She is a co-founder and Chief 
Strategy Officer of Meridiam and sits on the Executive Committee of Meridiam SAS. 
She has been involved in long term infrastructure development and investment in the 
UK, Europe, North America and Africa. She is an Honorary Professor at the Bartlett 
School of Construction and Project Management, University College London. Since 
2019 she has sat on the board of the Port of Tyne.

Bridget Rosewell CBE is a director, policy maker and economist. She served as Chief 
Economic Adviser to the Greater London Authority from 2002 to 2012 and worked 
extensively on infrastructure business cases. She has served as a Non-executive 
Director of Network Rail and Non-executive Chair of the Driver and Vehicle Standards 
Agency. She is currently Chair of the Atom Bank and the M6 Toll Road. 

Kate Willard OBE is the Thames Estuary Envoy and chairs the Thames Estuary Growth 
Board. Since 2017 she has served as Chair for the Arts Council England’s North Area. 
In addition, she is senior advisor to Esken and an independent consultant working 
on a diverse portfolio of infrastructure and growth projects. In March 2022 she was 
appointed Chair of Teeside Airport Board. 

Nick Winser CBE has had a 30-year career in the energy sector, including serving as 
UK and European CEO of the Board of National Grid and President of the European 
Network of Transmission System Operators for Electricity. He currently serves as Chair 
of the Energy Systems Catapult.
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