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ADAPTING 
INFRASTRUCTURE TO 
A CHANGING CLIMATE

Changes in climate will threaten the infrastructure – the water, 
transport, energy, communication and other systems – that 
sustains society.  Rising sea levels, higher temperatures 
and changing frequency of droughts and floods will all 
pose challenges.  Lord Krebs and Professor Jim Hall, of 
the statutory Climate Change Committee, explain how 
decisions are being made to adapt infrastructure systems 
to a changing climate.

Recent natural disasters, such as the 
widespread flooding across the UK in the 
summer of 2007 and again in Cumbria in 
November 2009, illustrated the vulnerability 
of infrastructure systems in the UK to climatic 
extremes.  Electricity, transport and water 
supplies experienced disruptions.  Other 
services, such as telecommunications and 
water treatment, also came under pressure. 

Engineers can design complex 
infrastructure systems to be very reliable, 
even when those systems come under 
extreme environmental loads – witness the 
safety record in the civil aerospace industry.  
However, achieving that reliability requires 
careful analysis of the resistance of the 
system to extreme loading; its robustness 
to potential unforeseen loads; and the 
system’s resilience – its capacity to recover 
from disruption.  The concept of resilience 
is rapidly gaining currency in the design 
and management of critical infrastructure.  
The threat of climate change means that 

In the UK, the most serious weather related 
hazards that need to be considered in the 
adaptation of infrastructure are:

• Flooding: The frequency of river flooding, 
along with surface water flooding from 
heavy rainfall, is likely to increase in future. 

• Sea level rise: Mean sea levels around the 
UK are unlikely to rise by more than a metre 
before the end of the 21st century, but even 
this rise brings long term implications for 
coastal infrastructure.  

• Water scarcity: Water resources in 
many of the UK’s river basins are already 
over-exploited. Climate change will 
exacerbate this problem, especially 
in the south of England, by changing 
patterns of precipitation and potentially 
increasing demand. 

• Extreme heat: Excessive heat in buildings 
and transport systems that are not designed 
for very hot weather will cause equipment 
failures, discomfort and a consequent 
reduction in productivity. 

Beyond these headline impacts, 
increasing frequency or severity of 
wind storms could also have a disruptive 
impact, though the scientific evidence on 
the likelihood of changing storminess is 
inconclusive. Changing temperatures and 
precipitation will influence the stability of 
railway and highway embankments and 
cuttings and may also exacerbate ground 
subsidence, damaging foundations and 
buried infrastructure.

A flooded electricity sub-station near Tewkesbury, Gloucestershire in July 2007.  The Environment Agency estimates that 14% of electricity infrastructure in the UK is at 
risk of flooding.  The probability of flooding is expected to increase in a changing climate © Kirsty Wigglesworth/PA Wire

infrastructure systems have to be designed 
so they are not only resilient to today’s 
extremes but also adaptable to the climatic 
conditions we will experience in future.

CLIMATE THREATS 
TO INFRASTRUCTURE
Some industries are in a good position to 
adapt relatively easily to changing climatic 
conditions, year on year: insurers can adjust 
their premiums and farmers can modify when 
and what they plant.  However, other sectors 
require long-term climate-sensitive decisions 
that are hard to reverse.  Typical examples of 
systems that need to be considered include 
major investment projects, such as water 
supply reservoirs, highways and power 
stations.  We also need to consider land-
use planning decisions that affect where 
people live and the building regulations that 
determine how houses and other buildings 
will cope with future climates. 
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RECENT CLIMATE 
PROJECTIONS 
The latest climate scenarios for the UK, known 
as the UK Climate Projections (UKCP09), 
were released in June 2009.  The projections 
are based on over 300 runs of the Met 
Office Hadley Centre’s global climate model, 
combined with more detailed modelling to 
provide results for the UK on a 25 km grid.  The 
results were validated by comparison with 
observed climate changes and presented 
as probabilities that show the uncertainty 
surrounding future climate changes.  This 
new information on uncertainties means that 
engineers are now better equipped to make 
decisions on adaptation strategies, based on 
the balance of probabilities and consequences.

CLIMATE CHANGE 
RISK ASSESSMENT
Adapting to climate change involves taking 
proportionate action to manage the level of 
risk, within acceptable limits.  Quantifying 
the probabilities and consequences of 
climate impacts is therefore fundamental to 
any decisions made regarding adaptation.  

THE PRINCIPLES OF CLIMATE CHANGE RISK ASSESSMENT
Climate risk assessment is a process of relating climate variables, such as precipitation or 
temperature, to their consequential impacts by an ‘impact function’, which is derived by 
theoretical studies and empirical analysis of past events.  The impact of climate change 
may increase smoothly as a consequence of increasing climate changes, or it may contain 
‘thresholds’ beyond which climate impacts become noticeably more severe. 

The climate variable on the horizontal axis (see figure 2), temperature or precipitation, 
fluctuates naturally due to random and seasonal effects.  It is represented as a probability 
distribution.  The present-day risk is obtained by combining knowledge of the climate 
variable with the impact function, which yields a distribution of impacts, from which 
statistics such as the average can be extracted.  For example, the average annual 
economic damage is the most common metric of risk used in flood risk assessment. 

In a changed climate the average value of a climate variable could change, (for 
example, average sea level is expected to increase).  The way in which it varies from day 
to day and month to month may also change, (for instance, precipitation is expected 
to become more variable, with wetter winters and drier summers).  Moreover, different 
climate models give predictions that are different, meaning that probability distribution 
of future climate is more spread out.  The climate risk is calculated as previously, by 
projecting this future distribution through an impact function to obtain a distribution of 
future impact.  Figure 2 illustrates how the increase in risk attributable to climate change 
is the difference between average annual impact now and in the future. 

The severity of climate impacts will vary depending on location, partly because 
of variations in climate but also because of variations in the vulnerability of people, 
properties, activities and ecosystems at risk.  The severity of future risks will depend on 
when in the future and under what scenario those risks are being assessed.  It will also 
depend on other non-climate changes, which can have a profound effect on vulnerability.  
These changes are often represented through socioeconomic scenarios, which are used to 
explore future changes in vulnerability.

Figure 1. UKCP09 projections of change in summer mean precipitation (%) for 2050s (high carbon emissions) 
© UK Climate Projections 2009, http://ukclimateprojections.defra.gov.uk
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Figure 2. The principles of climate change risk assessment

Suppose that we have two alternative 
adaptation options, A1, A2, alongside a ‘do 
nothing’ option A0.  Each of these options 
has an associated cost, C1, C2, and risk, 
R1, R2, which have been aggregated over 
the life of the scheme.  The cost of the ‘do 
nothing’ option is zero and the risk is R0. 

The benefit yielded by Option 1 is the 
risk reduction relative to the base case; for 
example, R0 - R1.  Option 1 is justifiable in 
economic terms if its benefit, in terms of risk 
reduction, exceeds its cost; for example, if R0 
- R1 > C1. Option 1 is preferred to Option 2 
if it yields higher benefit-cost ratio; in other 
words, if (R0 - R1)/C1 > (R0 - R2)/C2.

The ordering of adaptation options on 
the basis of benefit-cost ratio (BCR) can 

be sensitive to the estimates of risk and 
cost.  Given the uncertainties associated 
with future climate risks and the costs 
of adaptation projects, it is important 
to identify options that are reasonably 
robust to these uncertainties, in the 
sense that their performance (measured 
in terms of BCR) does not deteriorate 
rapidly if the future does not turn out 
precisely as predicted.  It may be that the 
optimal option is not the most robust, in 
which case those making the decisions 
may wish to consider sacrificing some 
expected performance (BCR) in order to 
adopt an option that is shown to perform 
acceptably well over a wider range of 
possible futures. 

BENEFITCOST ANALYSIS OF ADAPTATION DECISIONS

For many weather or climate-related risks, 
there are well established metrics.  Flood risk, 
for example, is most commonly measured in 
terms of the direct economic damage that 
occurs during a flood.  None of these metrics 
is immune from criticism – for example the 

victims of flooding tend to be as concerned 
about the distress and disruption of flooding 
as with the direct economic loss – so instead 
it is possible to use a diverse package of 
metrics (see opposite The principles of climate 
change risk assessment). 

ADAPTATION 
DECISION MAKING
Risk assessment  provides a rational basis 
for making adaptation decisions.  Making a 
decision requires one or more adaptation 
options, alongside the default option of 
taking no adaptation action (see Benefit-
cost analysis).  Given the uncertainties 
surrounding future climate, it is wise to 
identify flexible solutions that can be 
modified in future, and to avoid designs that 
exclude possible adaptation options in the 
future.  As an example of how an adaptive 
approach works in practice, consider the 
problem of water resource management 
when rainfall and river flows are uncertain.

One of the great contributions of 
engineering to society has been the 
provision of a safe and reliable water supply.  
Many of the reservoirs, pumping stations 
and treatment plants that we rely on were 
designed using historic climate records.  Do 
these designs need adaptation for a future 
changing climate and if so, what would be 
the most effective strategy?

Responding to water scarcity will require 
a strategic approach that combines water 

ADAPTING INFRASTRUCTURE TO A CHANGING CLIMATE SUSTAINABILITY
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conservation and demand management 
with new resources and more efficient 
sharing of resources among water 
companies.  The average water use in 
England is about 150 litres per person per 
day, equivalent to approximately one tonne 
of water per week.  Current best practice 
in water efficiency could reduce use to 105 
litres per day.  Water reuse and rainwater 
harvesting could achieve further substantial 
savings.  Currently, only 30% of households 
in England have a water meter, which 
means the majority of domestic water users 
do not have the information they need to 
efficiently minimise their water use.  On 
average, households reduce their water 
consumption by around 10% after a meter 
is fitted.  The introduction of variable tariffs 
to encourage efficient water use – such 
as seasonal tariffs linking price to seasonal 
availability – could provide an incentive to 
reduce water consumption further still in 
metered households.  Reducing leakage 
rates from the water supply system, currently 
23% on average, would be another adaptive 
solution. 

We will also have to explore new water 
resources.  The UK can learn from countries 
around the world that have to cope with 
water scarcity.  For example, Singapore uses 
two-thirds of the rainfall that falls on the 
island, which is a remarkable proportion 
given that Singapore Island is mostly 
urbanised.  Waste water is directly reused by 
treating discharges from sewage treatment 
works and returning it to provide one-third 
of the water supply.  Singapore also uses 
desalination but, despite technological 
improvements in reverse osmosis, this 
approach is still energy intensive.  Future 
developments include desalination by 
freezing, using liquefied natural gas 
regasification as a heat sink.

DELIVERING ADAPTATION
It is in the national interest to prepare for 
a changing climate.  Doing so will yield 
immediate benefit in terms of reduced 
risk from weather-related hazards, as well 
as preparing for longer-term changes.  
However, in many respects the UK is still 
at the beginning of a process that will 
see climate change adaptation becoming 
embedded in all aspects of decision making. 

The Climate Change Act (2008) provides 
an important stimulus.  Under the Act, 
the Government is committed to a long-
term framework for adaptation, including 
national Climate Change Risk Assessment, 
a national adaptation programme, and 
measures to encourage infrastructure 
owners to assess their own risk and to 
develop adaptation plans.  Using adaptive 
management for critical infrastructure 
systems could be the key for engineers 
to optimise the future performance of 
infrastructure, old and new. 

RESERVOIR DESIGN IN A CHANGING 
AND VARIABLE CLIMATE
Reservoirs store water to accommodate seasonal variations in river flows.  Figure 3 shows 
typical cumulative river flow over 10 years (Line A).  If a storage reservoir is constructed 
on a river in order to supply water, then the maximum supply that the reservoir can yield 
is the average slope of the cumulative curve.  If the flow becomes more variable (Line B) 
then the reservoir will have to be larger to guarantee a given yield.  This is the case even if 
average flows remain the same. 

Long periods of low flows, where the cumulative curve flattens, are critical.  If average 
flows fall in future (Line C) then the reservoir’s maximum yield will decline, no matter how 
large the reservoir.  

The analysis illustrated in figure 3 is a simplification of the optimisation studies that 
are used in reservoir design.  The yield of the reservoir is shown as being constant, when 
in fact demand for water changes: hotter weather increases demand, but drought orders 
can limit demand at times of severe water scarcity. 

The amount of water that has to be released to preserve downstream aquatic habitats 
may also change during the year.  Nonetheless, this example does illustrate that, in a 
climate that is on average drier, reservoir yields will fall; and yields will be less reliable in a 
more variable climate. 

This example also illustrates how vulnerable engineered systems like reservoirs can be 
to assumptions about present and future climate and demand.  It is possible to optimise 
reservoir design using future climate projections, like the ones generated in UKCP09, 
but to do so would run the risk of not fully accounting for all future possibilities.  Rather 
than seeking to optimise entirely on the basis of these projections, which rely on climate 
models that are still improving, water resource managers should seek solutions that are 
robust to a wider range of climate and socio-economic uncertainties. 

Further reading
Council for Science and Technology (2009) 
A national infrastructure for the 21st Century. 
www.cst.gov.uk

Defra (2008) Future Water: The Government’s 
water strategy for England. www.
official-documents.gov.uk/document/
cm73/7319/7319.pdf

Environment Agency (2009) Water for 
people and the environment: Water Resources 
Strategy for England and Wales. http://
publications.environment-agency.gov.uk/
pdf/GEHO0309BPKX-E-E.pdf

UK Climate Projections (UKCP09) http://
ukcp09.defra.gov.uk

Environment Agency (2009) Investing for the 
future: Flood and coastal risk management in 
England, A long-term investment strategy
http://publications.environment-agency.
gov.uk/pdf/GEHO0609BQDF-E-E.pdf

Cumulative
flow Line A

Cumulative 
flow Line B

Cumulative 
flow Line C

Increasing variability in flow means that 
more storage (vertical distance between 

flow line and yield line) is required to 
guarantee same yield, even if average 

flow remains the same.

Reduced average flow 
(average slope of line) 

reduces potential 
reservoir yield.

C
um

ul
at

iv
e 

flo
w

 (b
ill

io
n 

cu
b

ic
 m

et
re

s)

Months

18

16

14

12

10

8

6

4

2

0
0 20 40 60 80 100 120

Yield line: the slope of the 
line is the steady flow 

that the reservoir is 
designed to supply

Figure 3. Cumulative river flows in present and future climates, and the implications for reservoir storage 
volumes and yield

The average water use in 
England is about 150 litres 
per person per day.

ADAPTING INFRASTRUCTURE TO A CHANGING CLIMATE

After consecutive dry winters and summers, in 2006 the shore of Weir Wood Reservoir near East Grinstead was exposed as the reservoir water level fell below 
half of its full capacity © Paul Glendell

SUSTAINABILITY




