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Summary

e This report should be read in
conjunction with our _evidence
review of how infrastructure
investments in key policy areas
influence long-term wellbeing.

e Evidence from multiple bodies of
research shows that physical
infrastructure plays a key role in
determining long-term wellbeing.

e Wellbeing is a broad concept, which
has been defined in multiple ways.
Therefore, infrastructure
investments may improve some
dimensions of wellbeing but have
negative impacts on others.

e The wellbeing impacts of
infrastructure investments are often
highly context-specific. What works
in one place, or one section of the
population may not be right for other
areas or groups.

e Infrastructure systems are
interconnected and interdependent.
So, we need integrated, holistic
approaches to infrastructure
planning that take account of the
synergies between projects and
their cumulative economic, social
and environmental impacts.

e Physical infrastructure has a long
lifespan. So it is important to base

investment decisions on likely future
needs. Adopting iterative
approaches that enable needs
assessments to be updated in real
time helps to build in resilience to
future changes, as do flexible
designs that enable adaptations in
response to unexpected
developments.

How infrastructure is implemented is
fundamental to its impact. Itis
important to combine infrastructure
with other initiatives (for example
investments in human capital), and
to adopt transparent, inclusive,
participatory processes that involve
local communities in investment
decisions.

Decision-makers inevitably need to
make trade-offs that involve
prioritising some types of wellbeing
over others. One approach is to
invest in infrastructure that are
known to have positive impacts
across several different dimensions
of wellbeing — such as nature-based
solutions (for example green-blue
flood defence infrastructure);
insulation retrofit of homes and other
buildings; active travel infrastructure;
installation of broadband networks;
and improvements to bus services.


https://sway.office.com/Y2DEdKkW5s1hjzL4?ref=Link
https://sway.office.com/Y2DEdKkW5s1hjzL4?ref=Link
https://sway.office.com/Y2DEdKkW5s1hjzL4?ref=Link
https://sway.office.com/Y2DEdKkW5s1hjzL4?ref=Link

Infroduction

This commentary report accompanies a rapid review of evidence about how
physical infrastructure influences long-term wellbeing, commissioned by the
Welsh Government to help inform its approach to infrastructure planning and
investment.

The review summarises evidence from a wide range of research traditions and
disciplines which shows how physical infrastructure has a significant influence on
long-term wellbeing. It is clear from the evidence that impacts can be positive and
negative depending, in part, on which of the many different dimensions of wellbeing
are considered.

Our review provides a summary of evidence about some of the potential ways in
which investment in infrastructure influences long-term wellbeing, rather than
enabling detailed comparisons between different forms of infrastructure, or providing
recommendations about what kinds of infrastructure to invest in to have the biggest
impact.

The commentary report supplements the evidence in the review by providing
additional context and detail, offering further guidance about how findings should be
interpreted to inform infrastructure decision-making.

The remaining sections of the report set out:

e Why infrastructure investment matters to long-term wellbeing;

e How the relationship between infrastructure and wellbeing has been
understood in different policy and research contexts;

e The implications of different approaches to defining and measuring wellbeing;
e Trade-offs involved in wellbeing approaches to infrastructure decision-making;
e How to interpret the evidence on infrastructure and wellbeing; and

e Implications for infrastructure planning and decision-making to maximise the
impacts of infrastructure investment on long-term wellbeing.
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Why infrastructure matiters to long-term
wellbeing

The insight that physical infrastructure has considerable influence on long-term
wellbeing is not a surprising one. On one level, interactions between infrastructure
and wellbeing are relatively direct and fundamental (Thacker et al, 2019a). Physical
infrastructures provide services which are essential to both economic prosperity and
wider societal wellbeing, in particular those services and systems which enable
global communications and the movement of key resources, such as energy,
transport, water, waste, and information and communications technology (ICT)
(Hickford et al, 2016).

It matters for wellbeing that people and communities can access the services and
outcomes that physical infrastructures make possible: the supply of energy and water
to households and businesses; effective management of wastes and wastewater,;
protection from natural hazards; the connective capabilities provided by ICT and
transport systems in linking people to services, places, and each other; and the
institutions and services provided by schools, community venues, hospitals, and
government buildings. Individuals and communities depend on effective, well-
functioning infrastructure systems for a wide range of wellbeing outcomes (Thacker
et al., 2021). On the flipside, poorly planned and delivered infrastructure can have
disastrous impacts on people and the environment, accelerating environmental
degradation and carbon emissions, and deepening socioeconomic vulnerabilities
(UNEP, 2021).

Moreover, infrastructure is critical not only to immediate wellbeing, but also to the
wellbeing of future generations. The long-term nature of public infrastructure
investments, such as energy, transport, and housing, means that their role in
delivering wellbeing outcomes will play out over generational rather than electoral
timescales. The consequence of this for infrastructure planning is that:

‘...investments made in the current electoral cycle will determine
emissions, air quality, health, resource efficiency and resilience to
climate and transition risks for decades to come’. (Agarwala and
Msulwa, 2021)

The longevity of large-scale physical infrastructure creates both opportunities and
risks for promoting long-term wellbeing; the long lifespan of infrastructure assets and
their even longer environmental footprint means that both positive and negative
impacts are locked in. This is particularly urgent in respect of climate mitigation. The
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construction and operation of grey infrastructure (including buildings, transportation,
and power generation) currently account for approximately 70% of global greenhouse
gas emissions (Saha, 2018). The scale of investment expected in the coming
decades to meet rising demand for infrastructure services, combined with the short
remaining window of opportunity before unsustainable investments cause irreversible
damage to the planet, mean that the consequences of infrastructure decisions made
now will define our collective future (UNEP, 2021).

Understanding the relationship between
infrastructure and long-term wellbeing

Despite the defining role which infrastructure plays in influencing long-term wellbeing,
investment decisions have often failed to fully address, or sometimes even consider,
wellbeing impacts. Historically, they have centred on a narrower economic
perspective, privileging cost-benefit analysis (CBA) approaches which seek to
monetise inputs and outputs, but are unlikely to accurately represent the range of
outcomes valued, or desired by infrastructure users (Adshead et al, 2019).

Studies of infrastructure decision-making highlight that measurement and
assessment of the wellbeing implications is still extremely limited in practice, despite
increasing efforts within research and policy circles to understand interactions
between infrastructure and wellbeing (Lucas et al, 2021). And where wellbeing
impacts are considered, they are generally afforded lesser importance than economic
impacts within the appraisal process (Mottee et al, 2020).

In this respect, infrastructure decision-making has failed to keep pace with a dramatic
rise in interest in wellbeing as a policy goal (Wallace, 2019). In Wales and elsewhere,
the ‘wellbeing approach’ to policymaking has sought to go ‘beyond GDP’, and
establish collective wellbeing as a core objective of public policy. This places greater
focus on measures that can capture broader aspects of people’s living conditions,
and the quality of their lives (Exton and Shinwell, 2018).

As the concept of wellbeing as a central aim of public policy has gained prominence
internationally, there has also been increased interest in applying a wellbeing lens to
prioritising, and appraising, interventions across a range of policy domains. This is
reflected in a growing academic literature on the links between policy interventions
and wellbeing, including interactions between infrastructure investment and wellbeing
specifically. However, understanding the relationship between infrastructure and
wellbeing is not a straightforward undertaking, partly because ‘wellbeing’ itself is a
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complex term which is defined and measured in different ways across, and within,
various research, policy, and practice contexts.

Approaches to defining wellbeing

One approach which is gaining momentum in policy circles is to use subjective
wellbeing data to measure the wellbeing effects of policy interventions. This has the
advantage of enabling comparisons of effect sizes, by focusing on a single unit of
measurement, such as life satisfaction, an approach which is also supported by an
increased availability of high-quality survey data and the development of new
methods for using subjective wellbeing evidence in policy appraisal (see e.g., HM
Treasury, UK Government, 2021). However, our searches of the literature identified
relatively few studies using data on subjective wellbeing to understand the wellbeing
effects of infrastructure interventions specifically, though there is a more substantial
literature on environmental influences, which are tangential to infrastructure, such as
air pollution (e.g. Li & Managi, 2021).

The relatively few such studies that do exist suggest that the evidence is mostly
correlational rather than causal. This is partly because it is rare for infrastructure
interventions to coincide with the necessary experimental conditions for establishing
cause and effect (Thacker et al, 2019), though a lack of understanding of how
subjective wellbeing interacts with its covariates has been raised as a limitation with
subjective wellbeing approaches more widely (Fabian et al, 2021). An additional
limitation of studies using wellbeing data to understand the impacts of infrastructure
interventions is that effect sizes tend to be relatively small. However, in the case of
infrastructure interventions, relatively small effects also tend to be cumulative
because infrastructure projects are usually public works affecting large numbers of
people over long periods of time (Fritjers & Krekel, 2021).

A focus on subjective wellbeing may also have limited relevance to policy audiences
favouring a multi-dimensional concept of wellbeing, as is the case in Wales, where
the governing framework is the Well-Being of Future Generations Act (2015), which
establishes collective, long-term wellbeing as the central goal of Welsh policymaking,
defining this in terms of social, economic, environmental, and cultural dimensions
across a long-term generational timeframe. In other words, data on subjective
wellbeing may not fully capture the multi-dimensional and long-term wellbeing
impacts prioritised in the Welsh policy context.

Using a multi-dimensional definition of wellbeing has the advantage of bringing into
view a much more substantial evidence base on the influence of infrastructure on
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wellbeing. For example, ‘a healthier Wales’, one of the seven long-term ‘wellbeing
goals’ in the Act, establishes the relevance to decision-makers of the very large
number of studies that focus on the health impacts of transport interventions; ‘a more
equal Wales’ points to the significance of a similarly substantial literature on energy
justice.

The disadvantage of this approach is that it makes it very difficult, if not impossible, to
make comparisons across studies, draw conclusions about the relative effect sizes of
policy decisions, or synthesise evidence which is likely to have been generated using
a diverse array of models and methodologies, data types, and sources of data,
according to a wide range of theoretical and methodological assumptions (Thacker et
al, 2019). Even where there are standardised metrics for multi-dimensional wellbeing
approaches, identifying and mapping the relationships between these is extremely
challenging (Exton and Shinwell, 2018). When it comes to policy appraisal, a multi-
dimensional approach to wellbeing raises the challenge that the wellbeing impacts of
any given policy can therefore take on many forms, some of which are difficult to
estimate with any precision (Geurs et al, 2009).

Navigating wellbeing trade-offs

A multi-dimensional wellbeing approach also raises the (essentially political) problem
of how to decide which forms of wellbeing impact should be prioritised in policy
decision-making. Perceptions of the relative importance of different forms of
wellbeing impact may vary widely, something which becomes problematic where
there are conflicting effects (i.e., where for a given policy intervention there are both
positive and negative effects across the different dimensions of wellbeing). For
example, low emissions standards or charges may disproportionately impact poorer
households with less efficient vehicles; at the same time, associated reductions in air
pollution may have health benefits for children in densely populated urban areas.

This means that policy decision-makers may in practice be faced with navigating
trade-offs between their different wellbeing objectives. It should be noted in the
Welsh context that guidance from the Future Generations Commissioner advises
policy-makers to focus their efforts on identifying ‘decisions which would have
positive outcomes across all wellbeing dimensions, accepting that the benefits might
be very different and small [for some dimensions] while others would be significant’ —
essentially rejecting any options that entail benefits to one dimension at the expense
of costs to another (Future Generations Commissioner in Fritjers & Krekel, 2021).
This would also need to account for the ways in which wellbeing effects may be
distributed differently across the population (and again, benefits for one group may
come at the expense of costs for another). Another solution is that careful policy
design to account for distributional impacts may also have the potential to make
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outcomes ‘win-win’, through compensation, exemption, re-skilling, and other
measures.

A further trade-off dilemma is particularly significant to Welsh policymaking, and
applies to both multi-dimensional and subjective wellbeing approaches. This surfaces
where there are conflicting effects across a long-term timeframe, i.e., where an
intervention has immediate or shorter-term wellbeing benefits but negative long-term
effects. Such trade-offs loom particularly large when it comes to the climate impacts
of long-lived infrastructure assets., for example where an infrastructure intervention
with benefits for jobs and prosperity (and therefore for subjective wellbeing) in the
immediate term may be incompatible with the need for deep cuts in greenhouse gas
emissions in order to ensure a viable global future (see e.g. Schwanen, 2021).

A recent study provides some empirical insight into this trade-off dilemma by
comparing data on countries’ progress towards achieving the UN Sustainable
Development Goals (SDGs) with international subjective wellbeing data, finding a
positive correlation between most SDGS and wellbeing, apart from SDG12
(responsible production and consumption), and SDG13 (climate action) which are
negatively correlated with wellbeing (De Neve and Sachs, 2020). This highlights how
countries which perform better against SDG12 and SDG13 tend to have lower
subjective wellbeing.

In the case of SDG13 (climate action), this negative correlation becomes an
insignificant one when accounting for countries’ levels of economic development,
suggesting that for countries that perform poorly against SDG13, higher levels of
economic development drive both higher greenhouse gas emissions, and higher
subjective wellbeing. However, the presence of outlier countries, with both higher
subjective wellbeing and stronger relative performance against SDG12 and SDG13,
also suggests that the relationship is not an inevitable one, and that policy options
are available to simultaneously deliver long-term climate mitigation, and shorter-term
wellbeing benefits, including economic prosperity.

As De Neve and Sachs (2020) argue, the negative correlation between subjective
wellbeing and progress on climate action reflects the reliance of our current
economic systems on ever-increasing, emissions-intensive consumption, and
production to provide employment and support livelihoods. However, the argument is
also increasingly being made for both the viability and necessity of climate-
compatible economic development in the context of wider shifts in the global
economy. From this perspective, investments in fossil-fuel intensive infrastructure are
also short-sighted in an economic sense, as infrastructure investments that were
previously assets become expensive liabilities in the transition to a low-carbon,
resource efficient global economy (Zenghelis, 2021).
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By the same token, there is growing evidence that investments in sustainable assets,
such as clean energy infrastructure, already demonstrate improved economic returns
compared to fossil fuel investments, a case which has been further strengthened by
the falling costs of key technologies over the last decade (Stern et al, 2020). Other
climate-compatible infrastructure investments for which there is increasingly strong
evidence for economic benefits include insulation retrofits, active travel infrastructure,
installing broadband networks, planting trees, and restoring wetlands (Stern et al,
2020).

Interpreting the evidence on infrastructure and wellbeing

For our rapid review of evidence, we were asked by the Welsh Government to use a
multi-dimensional definition of wellbeing, based on the ten wellbeing objectives of
the current Programme for Government. The multi-dimensional nature of this
definition meant that many different bodies of research were relevant to the review,
often focusing on different forms of wellbeing impact and using different types of data
and methodology. The breadth of this literature meant that we relied largely on
existing systematic reviews, both to understand key messages from the literature and
for judgements about the quality of the evidence available.

Overall, the evidence shows that infrastructure has considerable influence on long-
term wellbeing, interacting with multiple dimensions of wellbeing in multiple ways,
both positively and negatively. For the reasons set out above, we advise interpreting
the review as a summary of evidence about some potential ways in which investment
in infrastructure influences long-term wellbeing, rather than enabling detailed
comparisons between different forms of infrastructure or providing recommendations
about what kinds of infrastructure to invest in to have the biggest impact.

There is broad agreement in the literature that the relationship between infrastructure
and wellbeing is highly context-specific and mitigated by multiple factors - including
place and population characteristics, current and projected trends in demand for
infrastructure services, and the complex and dynamic interdependencies that exist
between infrastructure systems and between these systems, and the natural
environment (Agarwala and Msulwa, 2021; Clapham, 2021; UNOPS, 2021; UNEP,
2021; Schwanen, 2021). Thus, decisions about what infrastructure investments to
prioritise to best promote long-term wellbeing are dependent on a wide range of
factors beyond the type of infrastructure under consideration, and beyond what
evidence suggests might be some of the ways in which that form of infrastructure
interacts with different dimensions of wellbeing over a multi-generational timeframe.

Another way of interpreting the rapid review is to view it as identifying some forms of
infrastructure which hold promise for minimising trade-offs, and maximising synergies
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across the different dimensions of long-term wellbeing. While trade-offs between
costs and benefits across different dimensions of wellbeing are common features of
infrastructure projects, particularly large-scale infrastructure (Hall et al., 2017,
Zualanga et al., 2021), a small number of types of infrastructure investment were
identified by the review as having particular promise for reducing trade-offs, and
maximising co-benefits across social, economic, and environmental dimensions of
wellbeing (accepting that the extent to which these benefits will be realised is
dependent on the contextual factors discussed above). These include:

e nature-based solutions, for example green-blue flood defence infrastructure;
e insulation retrofit of homes and other buildings;

e active travel infrastructure;

e installation of broadband networks; and

e improvements to bus services.

In a briefing written to inform this commentary, Zenghelis (2021) points out that there
are wellbeing benefits to regional investments that attract low-carbon, resource-
efficient industries, which are well placed to take advantage of growing markets in the
future. Building supply networks and knowledge and production clusters for these
industries can be regarded as a sensible risk-opportunity based investment, likely to
support future prosperity and wellbeing, with far less long-term risk than alternatives
which involve locking into high carbon infrastructure and behaviours.

In addition to this there are infrastructure investments which are likely to involve
some shorter-term wellbeing trade-offs, but which may play an essential part in
meeting climate mitigation targets, particularly the different forms of infrastructure
investment associated with decarbonising transport, and energy systems. The
problem this presents for policymakers is how to reduce and mitigate these trade-offs
to acceptable levels — for example, in the case of equity impacts, this is most often
discussed in terms of the need for policies to support a just transition (for a review,
see Wang & Lo, 2021).

Maximising the potential of infrastructure to promote long-
term wellbeing

While it is possible to draw conclusions from the evidence about which forms of
infrastructure investment are likely to hold particular promise for maximising co-
benefits and minimising trade-offs across multiple dimensions of wellbeing, studies of
infrastructure decision-making also strongly caution against an isolated approach
which focuses infrastructure decisions at the level of individual projects (Agarwala
and Msulwa, 2021), and fails to account for the interdependencies between
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infrastructure systems (Hall et al, 2017; UNEP, 2021; Kanmouh et al, 2021). Indeed,
studies are consistent in identifying some specific features of infrastructure and
infrastructure systems which need to be considered and addressed in infrastructure
decision-making, in order to realise the potential of infrastructure investments to
promote long-term wellbeing:

1

Infrastructure decisions are context-specific. Making the right choices about
infrastructure depends on in-depth knowledge of both the systems that are to be
provided, and the context in which they will operate. Context-specific spatial and
geographic considerations should be addressed at the planning stage, in order to
harness local features, resources and conditions, and minimise negative
socioeconomic or environmental impacts (Agarwala and Msuwla, 2021,
Clapham, 2021; Schwanen, 2021; UNOPS, 2021; UNEP, 2021)

How infrastructure is implemented is fundamental to wellbeing outcomes.
In many contexts, a single infrastructure intervention will be insufficient to realise
wellbeing benefits, unless combined with other policy interventions and (non-
capital) spending. For example, evidence suggests that local economic benefits
of infrastructure investment may only fully emerge when accompanied by
complementary policies and investments in human capital (Thacker et al, 2019).
Similarly, evidence on green-space interventions indicates that these are
significantly more effective in delivering wellbeing benefits where changes to the
physical environment are accompanied by measures to raise awareness and
promote community use (Hunter et al, 2019). Infrastructure experts also highlight
the importance to the relationship between infrastructure and wellbeing of
involving people and communities in investment decisions that directly affect
them, with transparent, inclusive, and participatory decision-making and inclusive
and meaningful stakeholder consultation at a local level (Agarwala and Msulwa,
2021; Clapham, 2021; Schwanen, 2021; UNOPS, 2021).

Infrastructure systems are interconnected. Many interdependencies exist
between different infrastructure systems and sectors, for example where demand
for one infrastructure service is highly correlated with demand for another, or
when one infrastructure system has the potential to consume a significant
proportion of the capacity of another. This highlights the need for an integrated,
holistic approach to infrastructure planning and decision-making, as opposed to
approaches which focus decision-making at the level of individual projects, failing
to account for synergies and interdependencies between infrastructure systems
or their cumulative social and environmental impacts. By contrast, viewing
infrastructure as a ‘system of systems’ allows trade-offs and synergies between
different projects and sectors to be balanced against one another, enabling more
efficient use of infrastructure investment to deliver services and promote long-
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term wellbeing. Moreover, failure to account for the interactions between different
systems across the lifecycle threatens the long-term viability of these systems,
and can have broader social and environmental ramifications (Hall et al, 2017;
UNEP, 2021; Kanmouh et al, 2021; UNOPS, 2021; Thacker et al, 2019).

4 Infrastructure has along lifespan. As previously discussed, the longevity of
infrastructure assets introduces high potential for lock-in of both positive and
negative impacts (Thacker et al, 2019) and vulnerability to economic dislocation
(Coyle et al, 2020). The long lifespan of infrastructure assets also means that
infrastructure planning must contend with a wide range of future uncertainties
associated with demographic, economic, environmental, political, and
technological changes, all of which are likely to have significant effects on the
demands and requirements of infrastructure systems (Hifckford et al, 2016). This
means that evidence about ‘what has worked’ previously may have limited
relevance in a context where the global conditions for infrastructure services are
changing so rapidly (Zenghelis, 2021). On a more practical note, technology that
increases the future flexibility of infrastructure assets can help reduce the risks of
uncertainty and increase resilience to shocks (UNOPS, 2021). For example,
planning for modular capacity growth can promote solutions that are adaptive to
uncertain future scenarios (Adshead et al, 2019). Beyond this, there is a need
for accurate modelling of future demand and capacity to inform infrastructure
planning, with the ability to assess a wide range of future conditions and policy
interventions (Blainey & Preston, 2019). Another option is to use iterative
infrastructure assessments that are updated and informed in real-time by the
most recent data, better enabling decision-makers to plan infrastructure
interventions in the context of uncertainty (Adshead et al, 2019).

5 The construction of infrastructure is expensive and uses vast amounts of
natural resources. In addition, infrastructure assets contribute to other types of
air, ground, and water pollution during construction, operation, and
decommissioning and are responsible for a large volume of solid waste. From
this perspective, minimising the negative long-term impacts of infrastructure
systems means seeking in the first instance to minimise the amount of new
infrastructure that is constructed. This can be achieved by using integrated,
service-needs-based approaches, informed by detailed and accurate data and
modelling about demand and capacity. Planners should prioritise options to
reduce demand where possible, invest in nature-based solutions, and upgrade or
repurpose existing infrastructure before considering the construction of new
infrastructure assets (UNOPS, 2021).

To maximise the potential of infrastructure investments to promote long-term
wellbeing, a wide range of different sources of insight need to be obtained and
incorporated into infrastructure planning and decision-making. There is broad
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agreement that decisions about infrastructure investment should not be taken in
isolation at the level of individual projects. Instead, infrastructure decisions should
reflect the outcome of an integrated, holistic, and long-term strategy for the
sustainable delivery of infrastructure services, based on comprehensive data and
forecasting about demand and capacity, including analysis of infrastructure system
interdependencies, and regular monitoring of system performance and impacts,
combined with detailed knowledge of the contexts in which infrastructure will operate,
and consideration of local geographic, spatial, and socioeconomic conditions.

While the task is a complex one, a range of tools, strategies, and guidance are
available to decision-makers - including strategic foresight, scenario analysis and
computer-based modelling (Thacker et al, 2019; UNOPS, 2021). In the Welsh policy
context, there is a need to combine such approaches with a process for
understanding the effects of infrastructure interventions on multiple dimensions of
wellbeing, across a range of spatial scales and a multi-generational timeframe (for
one approach to accounting for multiple forms of wellbeing impact in policy
prioritisation, see HM Treasury, UK Government, 2021). The relevance of the
evidence included in our rapid review is that it indicates some potential ways in which
different forms of infrastructure investment might influence the different dimensions of
wellbeing of interest to Welsh policymakers. Given the defining role of infrastructure
in long-term social, economic, and environmental wellbeing, understanding both
general and local interactions between physical infrastructure and wellbeing is of
considerable importance to decision-makers.
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