UK Climate Change Risk Assessment 2017:
Summary of ASC-commissioned research projects
The Adaptation Sub-Committee (ASC) of the Committee on Climate Change has been asked by the
Government to lead the next UK Climate Change Risk Assessment. An Evidence Report will be published in
July 2016, before the final Government Report is presented to Parliament in 2017. The ASC commissioned
four research projects to inform the assessment, that are being published on the CCC’s website at this stage.
The key messages from each research report are below. Projects A, B and C consider in turn the impacts on
flood risk, water scarcity and the natural environment in 2oC and 4oC (or medium and high) climate change
scenarios. In doing so, they help demonstrate the benefits to the UK of a meaningful global agreement to limit
further warming. Project D reinforces this by describing plausible extreme changes in the UK climate that could
occur, though are considered unlikely this century.
Project A: Projections of future flood risk for the UK
Significant additional investment and adaptation action will be needed to counter the increase in UK flood risk
projected under a 2°C rise in global mean temperatures. Even the most ambitious adaptation scenarios will not
be able to avoid the large increase in UK flood risk implied by a 4°C rise in global temperatures. Long stretches
of current coastal flood defence structures in England will become highly vulnerable to failure as sea levels
rise, making it increasingly more difficult and costly to manage the risk of widespread coastal inundation.
Project B: Projections of water availability in the UK
Sustained action by water companies and other users will be needed to address the risk of water supply
shortages with climate change. The risk of water scarcity is not restricted to southern England, with water
resource zones in all four UK nations seeing deficits open up by the 2050s in the absence of further action.
o
Adapting to the water availability implications of 2 C of climate change may be possible, with significant
investment, but a high climate change scenario (even assuming low population growth) would leave no water
available for human use in many parts of the UK without risking ecological damage to freshwater bodies.
Project C: Climate change impacts on the UK’s natural assets
Changes in mean temperatures, water availability and seasonality will have major implications for British
wildlife. There will be winners and losers, with upland areas experiencing localised species losses, while
northern, lowland and coastal areas may see new colonisations from elsewhere in the UK. These changes will
have significant implications for the continued provision of key environmental goods and services, particularly
carbon storage, clean water and flood alleviation.
CCRA Project D: High++ scenarios for the UK climate
High impact, low likelihood scenarios are a key component of any normal and robust risk assessment process.
However, past climate change risk assessments have focused almost exclusively on more likely changes in the
climate, averaged over extended time periods. This has masked the potential for extreme changes in climate
that are important to consider as part of long-term adaptation planning. To address this, the Met Office has
created a range of ‘high++’ scenarios representing unlikely but plausible extreme changes in the UK climate.

CCRA Project A: Projections of future flood risk for the UK
Main message: Significant additional investment and adaptation action will be needed to counter the
increase in UK flood risk projected under a 2°C rise in global mean temperatures. Even the most ambitious
adaptation scenarios will not be able to avoid the significant increase in UK flood risk implied by a 4°C rise in
global temperatures. Long stretches of current coastal defence structures will become highly vulnerable to
failure as sea levels rise, making it increasingly more difficult and costly to manage the risk of widespread
coastal inundation.
Projections of UK flood risk:
Limiting global mean temperature rises to 2°C would still result in increases in UK flood risk by the 2050s
without a commensurate increase in the pace of adaptation action (Table A1). Remaining on the current path
towards a 4°C rise by the end of the century would result in UK flood risk increasing significantly by the 2050s,
especially if combined with high population growth.
Projections for the 2050s
assuming current pace of adaptation continues
Present day
Low population growth, 2ºC
global temp change
Expected annual flood
damage
(UK, residential)
Number of UK homes in
significant risk areas
(1-in-75 annual chance of
flooding or greater

High population growth,
4ºC global temp change

£340 million

£476 million (+40%)

£680 million (+100%)

860,000

1.3 million (+46%)

1.9 million (+120%)

Table A1: Projections of UK flood risk in the 2050s
Impacts in different parts of the UK:
Levels of flood risk vary greatly across the UK, with most flood damage expected in England (76% of the UK
total, reflecting the larger population) followed by Scotland (14%), Wales (7%) and Northern Ireland (2%). The
north east, midlands and the south of England are particularly exposed to flood damage (Figure A1). Increases
in flood risk can be expected in all regions and nations with climate change. Proportionally, Wales could be
o
most impacted by a 4 C rise in global temperatures, with a 210% increase in expected flood damages by the
2080s in contrast to +140—150% in other UK nations.
Flooding from high river levels (fluvial flooding) is currently the dominant cause of UK flood damage,
accounting for around half of UK annual flood losses. This is expected to remain the case across the UK
assuming current approaches to adaptation continue. Rising sea levels may cause coastal flooding to increase
disproportionally in Wales and Scotland, though from a low base (and the data underpinning coastal flooding
in Scotland are less reliable).

o

o

Figure A1: Projections of UK flood risk in the 2050s and 2080s in 2 C and 4 C scenarios (by the 2080s), assuming
current levels of adaptation continue and there is no new development in the floodplain
Potential for adaptation to reduce flood losses
Continuing current levels of adaptation into the future could offset between 20% and 40% of the projected
increase in expected annual damages arising from the combined effects of climate change and population
growth. Delivering more ambitious, enhanced levels of adaptation could offset all (100%) of the increase in
expected annual damages under a 2°C scenario, but only up to 70% of the much more severe increases in flood
damage expected in a 4°C scenario.
Achieving enhanced levels of adaptation would require significant additional investment in maintaining and
enhancing flood defences, as well as much wider uptake of property-level protection measures, sustainable
drainage systems, managed realignment in low-lying coastal areas, and stricter control of new development on
the floodplain. The ASC’s 2015 progress report to Parliament found that limited progress is currently being
made in England with implementing most of these measures. This suggests a step-change in policy ambition
and implementation would be needed to avoid flood risks increasing in a 2°C scenario, and to avoid the worst
impacts of a 4°C rise.
Additional risks from rising sea levels
A 50 – 100 cm rise in sea levels, as is currently expected by the end of the century, would near double the
current length of coastal defences in England assessed as being vulnerable to failure (from 110km now to
around 200km, representing ~20% of the total length of coastal defences in England). Rising sea levels and
increased wave heights will exert greater and more sustained pressure on the foundations of flood defence
structures. Significant additional investment will be required to maintain these defences in their current
location or to retreat them to a more sustainable defence line. This challenges the current assumption used in
flood risk projections that current sea defence lines can be sustained as sea levels rise.
2

If there were one meter of sea level rise, 2,000 km of land in England could be inundated in a 1-in-200 year
tidal surge event (as was experienced in 1953 and 2013). 400,000 properties would be at risk, seven times
more than were impacted by the widespread flooding in 2007. Figure A2 shows the areas at risk, with the
highest number of properties potentially impacted in Cleethorpes, Fleetwood, Weston-Super-Mare,
Eastbourne, Burnham-on-Sea, Bognor Regis, Worthing, Bridgewater and New Romney.

Figure A2: Highly vulnerable defence structures in England (left) at current mean sea levels (black dots/lines),
and (right) properties flooded in a 1-in-200 year storm surge assuming one metre of sea level rise and that
vulnerable defences fail.

CCRA Project B: Projections of water availability in the UK
Main message: Sustained action by water companies and other water users will be needed to address the
risks of supply shortages with climate change. The risk of water scarcity is not restricted to southern
England, with water resource zones in all four UK nations seeing deficits open up by the 2050s in the
o
absence of further action. Adapting to the water availability implications of 2 C of climate change may be
possible, with significant investment, but a high climate change scenario (even assuming low population
growth) would leave no water available for human use in many parts of the UK without causing ecological
damage to freshwater bodies.
Public water supply/demand:
Supply-demand deficits are projected to be widespread by the middle of the century under a scenario where
water companies undertake no additional effort over and above their current 25 year water resource
management plans. Table B1 provides UK public water supply projections under this ‘no additional action’
scenario (deficits shown are in megalitres per day, Ml/day):
Climate change/population scenario
Low population, medium climate
change scenario
(~3.5ºC global temp change)

High population,
high climate change scenario
(~5.3 ºC global climate change)

2050s

-800 Ml/day
(5% of total demand at that time)

-1,400
(8% of total demand at that time)

2080s

-3,200 Ml/day
(16% of total demand at that time)

-6,000 Ml/day
(29% of total demand at that time)

Time period

Table B1: Projections of water supply deficits with climate change and population growth
Impact of adaptation
Adaptation efforts have the potential to significantly reduce, but not eliminate, supply/demand deficits in the
public water supply in a high climate change and high population growth scenario. Figure B1 shows the level
of residual risk – around -800 Ml/day across the UK – that is expected to remain in the 2080s if all foreseeable
options were to be implemented (eg. demand reduction, leakage control, and investment in new sources of
supply). In particular, deficits remain in south-east England but also in northern England where water supplies
are heavily reliant on large engineered reservoirs as opposed to aquifers.

Figure B1: Supply-demand balance at present (left) and projection for the 2080s (right) assuming a high
population, high climate change, and high adaptation scenario
Impacts of water abstraction on the natural environment
The amount that water companies can abstract for the public water supply is influenced by how much water is
needed by other sectors such as industry and agriculture, and the needs of the natural environment. When
water levels or river flows fall below minimum ‘environmental flow indicators’ it risks ecological damage.
In a high climate change and high population growth scenario, many catchments in the west of the UK are
1
projected to have insufficient water to allow abstraction for between 5 and 30% of the time. This means
water abstraction by heavy industry, agriculture, and energy generators as well as water companies would
have to be curtailed or cease altogether if damage to the environment were to be avoided.
o

If there were 3.5 C of climate change, even ambitious levels of adaptation would be unable to prevent large
parts of the UK having little water available for abstraction between 5% and 30% of the time (Figure B2). Parts
of south-west England, southern Scotland the west of Northern Ireland and much of Wales would not have any
water for human use if current environmental flow levels are to be maintained. Allowing minimum
environmental flow thresholds to fall would overcome this but would risk routine and long-lasting ecological
damage.

1

Ie. Q70 to Q95 flows would fall below the current environmental flow indicators in those catchments.

Figure B2: Current abstraction demand as a % of the available resource for supply in low flow conditions (left)
o
and (right) in the 2080s under a 3.5 C, low population growth and high adaptation scenario
Note: Areas coloured red have insufficient water to meet total demand during periods of low flows, taking into
account the requirements of the natural environment. Areas coloured in burgundy have no water available at
all for abstraction due to environmental flow requirements.

CCRA Project C: Climate change impacts on the UK’s natural assets
Main message: Changes in mean temperatures, water availability and seasonality will have major
implications for British wildlife. There will be winners and losers, with upland areas at risk of experiencing
localised losses of species, while northern, lowland and coastal areas may see new colonisations. These
changes will have significant implications for the continued provision of key environmental goods and
services, particularly carbon storage, clean water and flood alleviation.
Changes in ‘climate space’
Projected changes in temperature, water availability and seasonality are likely to result in wildlife species
distributions shifting northwards in order to remain in a viable climate (their ‘climate space’). Recent advances
in bioclimatic modelling have been applied to give the most up-to-date assessment of projected changes in
climate space for over 4,700 native British species across 17 taxonomic groups.
The results show that 16 of the 17 taxonomic groups are projected to see mean increases in climate space
o
o
under both a 2 C and 4 C increase in global mean temperatures by the 2080s (Figure C1). The projected
changes do not vary significantly between the two climate scenarios, suggesting that most of the long-term
o
change that can be expected will occur even under a 2 C scenario. Bryophytes (mosses and liverworts) are the
only taxa projected to experience a mean retraction in climate space. Other taxa, such as spiders, ants, moths
and wasps are projected to experience significant increases.

o

o

Figure C1: Projected changes in climate space under 2 C and 4 C climate scenarios for the 2080s (logit scale)
These projected changes in climate space will mean that some areas will see local extinctions (i.e. species are
lost from a particular area but remain present in other areas). These are expected to be focussed in upland

areas of the UK (Figure C2). At the same time, new colonisations are expected as UK species shift their range
northwards.
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Figure C2: Number of local species lost (left) and number of local colonisations (right) per 10km grid cell
Implications for key goods and services
Bryophytes (mosses) show the greatest proportion of local losses per 10km grid cell, with over 50% species lost
o
0
under a 2 C scenario rising to nearly 60% under a 4 C scenario. If realised, losses on this scale would have
adverse implications for wetland habitats dominated by mosses, such as peat bogs and fens. These wetland
habitats are of international importance for biodiversity. For example, the UK is home to 13% of the global
resource of upland blanket bog habitat.
Any significant loss of bryophytes would also have implications for the goods and services provided by wetland
habitats, particularly carbon storage and the provision of clean water:


Carbon storage – Healthy peatlands capture CO2 from the atmosphere and store an estimated 3.2 billion
tonnes of carbon in the UK. If peatlands dry-out and lose their moss species, they become a net emitter of
CO2 through erosion and oxidation. Losing 5% of the carbon stored in UK peatlands would be equivalent to
a whole year’s UK anthropogenic GHG emissions.



Clean water - Levels of dissolved organic carbon (DOC) in upland catchments have doubled over the last
30 years suggesting that increasing amounts of carbon are being lost into water bodies from peatlands.
High carbon content in raw water causes colouration, which can create carcogenic by-products when the
water is disinfected during the treatment process. Water companies have to remove the carbon from the
water before it can be disinfected, which is an expensive and energy intensive process and so has
implications for customer bills.

The majority of peatlands in the UK are in a degraded condition due to damaging land management practices
and atmospheric pollution. Widespread restoration and re-wetting of damaged peatlands is needed to give
them the best chance of being able to cope with the projected changes in temperature and water availability.

CCRA Project D: High++ scenarios for the UK climate
Main message: High impact, low likelihood scenarios are a key component of any normal and robust risk
assessment process. However, past climate change risk assessments have focused almost exclusively on
more likely changes in the climate, averaged over extended time periods. This has masked the potential for
extreme changes in climate that are important to consider as part of long-term adaptation planning. To
address this, the Met Office has created a range of ‘high++’ scenarios representing unlikely but plausible
extreme changes in the UK climate.
Climate projections tend to be used to understand what the UK climate is most likely to be like in the years to
come. Given the uncertainty in modelled projections, many thousands of individual model runs are averaged
to create the results. The results are then presented in terms of average changes in climate - such as mean
summer temperatures, or mean daily maximum temperatures - averaged over long periods of time (often 10
to 30 year periods). Even where a range of projections is available, each with associated likelihoods, median
values or mid-points of probability curves are commonly adopted by practitioners. Doing so allows the typical
characteristics of the future climate to be compared to today’s, but says very little about what government
agencies and others such as water companies may have to deal with in extreme circumstances. To plan
effectively and be confident that all eventualities have been considered, having a ‘plausible extreme scenario’
to work with is important. Mainstream climate projections do not meet this need.
High++ climate change scenarios have therefore been created. These are low likelihood, high impact scenarios
designed to stress test climate change adaptation plans and emergency response capabilities. They are useful
for example to inform important decisions where the appetite for risk is very low. The Met Office and
Environment Agency previously created a high++ sea level rise and storm surge scenario to test long-term
plans for the Thames Barrier, given the potentially catastrophic impacts should the current barrier fail to
protect London and the surrounding areas as sea levels rise.
This project aimed to see if similar, scientifically-robust scenarios could be created for heat waves, cold snaps,
low and high rainfall, and river flows, droughts and windstorms. These scenarios were developed by looking
for evidence of extreme climatic events in:
 the geological as well as instrumental record;
 the low probability ‘tails’ of mainstream climate models or the physical limits that are possible; and
 countries elsewhere in the world with climates similar to that projected for the UK.
All of the scenarios that were created have been reviewed by experts and deemed plausible, albeit highly
unlikely to occur during this century. The scenarios do not have a particular time period or probability
associated with them.
A selection of the High++ scenarios are shown in Table D1, alongside the more likely projections for
comparison:
Hazard
Cold snaps

Heatwaves

Expected climate
Under a low emissions scenario by the
2080s, the average winter temperature is
o
likely to be at least 1-1.4 C higher than
now (current average winter temperatures
o
are 2 to 4 C).
Under a high emissions scenario by the
2080s, mean summer maximum
temperatures are very unlikely to be higher
o
than 22 to 31 C (current averages in
o
England and Wales are 14 to 22 C)

‘High++’ scenario
Average winter temperatures fall to -4 to
o
-7 C, with the coldest days averaging -12
to -17oC. Evens chance that the coldest
day of the year is colder still.
Mean summer maximum temperatures of
34°C over much of central and southern
England. Hottest days would exceed 40°C,
with 48°C being reached in extreme cases.

Hazard
Low rainfall &
droughts

High rainfall

Expected climate
Projections of six month summer droughts
with climate change are uncertain. No
change in winter or longer duration
droughts expected.

A 6% to 58% increase in winter rainfall for
example in London
(against the 1961-1990 baseline).

‘High++’ scenario
Potential for 6 month duration summer
droughts with rainfall deficits of up to 60%
below the current long term average.
Despite projected increases in winter
rainfall the potential for longer dry periods
spanning several years remains.
A 70%-100% increase in winter rainfall.
An up to five-fold increase in frequency of
heavy daily and sub-daily rainfall, in both
summer and winter.

Table D1: High++ scenarios in comparison to more likely climate change projections
Note: The High++ drought scenarios do not depart significantly from the scale of historic events. However this
may be because climate models are limited in their ability to project drought conditions, and more extreme
droughts with climate change remain plausible.

