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Climate change has the potential to threaten many areas of our lives. The Trident programme, the
UK’s independent nuclear deterrent programme, has been in place for decades and is intended to be
replaced so to maintain a credible deterrent to the 2060s and beyond. A question was posed as to the
possibility of the threat of sea-level rise to the associated sites over this timescale, with a specific focus
on 2060 and, moreover, to consider what the long-term effects of sea-level rise could be on Trident
replacement programmes. This report considers how sea-levels will change and the potential effects
of flooding and sea-level rise in four localities relevant to the Trident replacement programme:
Coulport and Faslane in western Scotland, Barrow-in-Furness in Cumbria and Devonport in Devon.

Presently, according to the Scottish Environment Protection Agency, flood risk at Coulport ranges from
low to high, and at Faslane present flood risk is low. From Environment Agency flood risk maps, flood
risk at Barrow-in-Furness and Devonport is less likely due to the standard of protection already
afforded. However, with sea-level rise, flood risk may need to be reconsidered.

Global sea-level rise has been reported as being 1.4mm/yr from 1901 to 1990 and 3.2mm/yr from
1993 to 2015. Considering a linear trend of relative sea-level rise (including changes in land levels), the
nearest tide gauge locations for Coulport and Faslane indicate a rise of 1.5mm/yr from 1969 to 2015,
the nearest station to Barrow-in-Furness indicated an increase of 1.8mm/yr from 1962 to 2019, and
at Plymouth 2.4mm/yr between 1962 to 2020.

Future sea-level rise is complex and highly uncertain. Taking a range of mitigation and non-mitigation
climate change scenarios and the associated 5th to 95th percentiles of uncertainty from the UK
Climate Projection Programme, relative sea-level rise in 2060 is projected to be between 0.05m to
0.37m for Coulport and Faslane, 0.10m to 0.43m for Barrow-in-Furness and 0.19m to 0.53m for
Devonport. Multi-metre sea-level rise is considered possible over more than a century. Without
action, this will lead to increasing levels of flood risk.

One way to reduce flood risk is to adapt. For coastal locations, adaptation would need to consider
slow onset events (such as sea-level rise) and fast onset events (such as a storm leading to an extreme
water level event), where the latter normally causes the most damage to infrastructure. Potential
damage includes that on sea walls, associated port operating infrastructure and also buildings. Due to
the long-term commitment of rising sea-levels and increased likelihood of flooding, a range of
adaptation approaches, such as raising of docks or protection of key infrastructure could be
considered.

When infrastructure requires periodic renewal, adaptation could consider the highest possible sea-
levels (i.e. a non-mitigation scenario, including high impact low probability (H++) events which project
up to 1.9m of sea-level rise by 2100) and extreme events within the design life of the infrastructure
affected to ensure effective and safe working of Trident-type sites over many decades to come.
Communicating clearly with the public the standards of protection for potential flooding with future
sea-level rise for high-risk sites within climate change risk assessments would be welcomed.
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This report assesses the hazards and risks associated with climate change; in particular, rising sea-
levels, at localities aligning with the UK Trident replacement programme. Rising sea-levels, storm surge
heights, changes to the intensity of rainfall and increasing mean and extreme temperatures (Chhetri
et al. 2013; Townend and Burgess, 2001) are all potential impacts. Coastal locations, including ports,
will need to be prepared for climate change and potentially adapt.

The UK’s policy of maintaining an independent nuclear deterrent has been in place for over 60 years
(Defence Nuclear Organisation and Ministry of Defence, 2021), well before climate change was a
concern. This policy is currently delivered through the deployment of four nuclear-armed
submarines, often referred to as ‘Trident’. In 2007, the government initiated the process
of purchasing Dreadnought-class submarines (to replace the current Vanguard-class) in order to
maintain the UK’s Trident nuclear system beyond the early 2030s (Defence Nuclear
Organisation and Ministry of Defence, 2020). In 2016, Parliament voted to formally authorise
this process and maintain a ‘continuous at sea deterrence’ posture, through replacing submarines
plus existing nuclear warheads (Defence Nuclear Organisation and Ministry of Defence, 2021). It also
decided to maintain a ‘credible, independent and capable deterrent out to the 2060s and
beyond’ (Defence Nuclear Organisation and Ministry of Defence, 2020). This long timescale is
important, as this is when rising sea-levels could lead to a significant increase in flood risk due to
more rapid rates of sea-level rise.

This report will first describe the setting (Section 1.2), then present flood risk (Section 2), a
background to sea-level rise (Section 3), future sea-level rise (Section 4) and climate change
adaptation (Section 5). Importantly, this report does not provide an opinion on the programme
or precise details on hazards or risks at each Trident site; rather, it provides an overview of the
generic issues that could be faced in the broad localities of the sites studied.

At the request of British Pugwash, this report focuses on the sites of:

*  Coulport on the eastern edge of Loch Long in Argyll and Bute, Scotland;

* Faslane located on the western shore of the Clyde in Argyll and Bute, Scotland;
* Barrow-in-Furness located on the north-west English coastline in Cumbria;

* Devonport, to the west of Plymouth, Devon in the south-west of England.

Localities are shown in Figure 1.1. Coulport is situated on the shore of Loch Long, at the base of a hill,
with a small stream debouching into the loch. By the 1920s, a sea wall had been constructed in front
of Coulport House (now the far buildings on the south-east of the site) to protect the road. This may
indicate that the shoreline was eroding, but based on Historic Ordnance Survey maps there is no long-
term indication that this could relate to instability. The area in front of the site has been subject to
land claim and raising (up to 13m above Ordnance Datum, Ordnance Survey 2020b), presumably to
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shoreline is rockier, with old groynes with the shoreline remaining stable or accreting. The B822 access
road to the south is between 4m and 6m above Ordnance Datum (Ordnance Survey 2020b), and may
be liable to flood.

Faslane port is built on reclaimed land, jutting out approximately 120m from the north-west coast of
Gare Loch. Jetties, including a travelling crane, protrude out into the water. Land elevation is below
the 10m contour line. Behind the port’s operations area, the land to the north and east form a hill,
whilst the south of the port comprises reclaimed land, rolling into hills.

Barrow-in-Furness is located on Furness peninsula. Fronting the coastline is Walney Island, a low lying
populated island with saltmarsh, shingle and sand dunes. The island protects the town and port
facilities from extreme wave events across the Irish Sea and, therefore, offers protection to the town.
Ordnance Survey maps indicate benchmarks of elevation of between Om to 14m above Ordnance
Datum? (Ordnance Survey, 2020a). The southern end of the port is on reclaimed land. Entrance to the
dock is via a lock. Dredging of the Walney Channel is necessary to maintain port access.

Devonport, Plymouth is located in the River Tamar, an estuary to the west of Plymouth. The historic
port area is highly built up, with engineering structures having been present for a very significant
length of time. The height of the land is approximately 4-5m above Ordnance Datum (Ordnance
Survey, 2020a). The dockyard is restricted by a caisson, which could potentially be used to limit overall
water levels on a temporary basis.

Coulport Faslane Coulport | Faslane

Barrow-in-
FEurness

Barrow-in- * €=
Furness

*:;?} /,

Devonport

DevonportE]

Figure 1.1. Location and setting in the UK, and at Coulport, Faslane, Barrow-in-Furness and
Devonport. Maps: Digimap published under the Open Government Licence v3.0 (GB National
Outlines 1:250,000. GB Overview 1:5,000,000) and Google Earth http://www.earth.google.com

1 Ordnance Datum represents a measurement of mean sea-level at Newlyn, Cornwall from 1915 to 1921. Mean
sea-level has changed since this time (Ordnance Survey, 2021).
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According to the Environment Agency and the Scottish Environment Protection Agency, due to their
coastal locations, Coulport, Faslane and Barrow-in-Furness are at risk from flooding. The Scottish
Environmental Protection Agency (2021) assesses flood risk on a scale of high, medium or low risk
from coastal rivers and surface water flooding. Within the Coulport site, flood risk ranges from low to
high, including the access road to the south (a figure is unable to be displayed due to scale). In Faslane,
there is low risk of flooding to a few selected parts of the north of site, with a wider expanse of low
risk flooding to the south (a figure is unable to be displayed due to scale). Flood risk extends to coastal
infrastructure and outbuildings in the affected areas.

The Environment Agency assesses present flood risk in terms of Flood Zones (named 1, 2 and 3),
indicating the risk of flooding from rivers and the sea in England (Environment Agency 2015). These
are defined as follows:

* Flood Zone 1 indicates ‘land assessed as having a less than 1 in 1,000 annual probability of river
or sea flooding (<0.1%)’

* Flood Zone 2 indicates ‘land assessed as having between a 1 in 100 and 1 in 1,000 annual
probability of river flooding (1% — 0.1%), or between a 1 in 200 and 1 in 1,000 annual probability
of sea flooding (0.5% — 0.1%) in any year’

* Flood Zone 3 indicates ‘land assessed as having a 1 in 100 or greater annual probability of river
flooding (>1%), or a 1 in 200 or greater annual probability of flooding from the sea (>0.5%) in any
year’

Flood Zone 3, therefore, has a higher likelihood of flooding than Food Zone 1. Barrow-in-Furness is
largely protected, with a few parts of the wider port area situated in Flood Zone 3 (Figure 2.1).
Devonport is located in Flood Zone 1, with part of the outer sea wall in Flood Zone 3 (Figure 2.2).

These results indicate that Coulport has a range of coastal flood risk adjacent to the coast, Faslane is
generally at low risk from flooding, Devonport and Barrow-in-Furness are less likely to flood as a
whole, but do have parts of sea walls that have a 1-in-100 annual probability of flooding (Flood Zone
3). With sea-level rise, the likelihood of flooding increases unless protection standards are raised.
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Figure 2.1. Flood zones of Barrow-in-Furness according to Environment Agency (2021). Published
under an Open Government Licence (LINK).
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Figure 2.2. Flood zones of Devonport according to Environment Agency (2021). Published under an
Open Government Licence (LINK).
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Sea-levels have been rising world-wide for hundreds of years in response to natural changes in our
environment. Historic sea-levels can be measured using a range of methods, such as through salt
marsh deposits, archaeology, corals, geology and sediments. More recently, changes to sea-levels
have been measured through tide gauges and, in the last few decades, these have been supplemented
by satellite data.

Global mean sea-levels have risen at 1.4mm/yr from 1901 to 1990, 2.1mm/yr from 1970-2015 and
3.2mm/yr from 1993 to 2015 (Oppenheimer et al. 2019). The time periods of measurements overlap
to show non-linear changes and also due to the more recent measurements from satellites. Sea-levels
have varied for centuries, but it has only been in the last approximately 140 years (approximately since
pre-industrial times) that scientists have been increasingly concerned that sea-level rise has also been
anthropogenically driven. Since 1970, sea-level rise is thought to be predominantly driven by
anthropogenic factors, rather than natural changes (Slangen et al. 2016).

The Permanent Service for Mean Sea Level is the global data bank for long-term sea-level information,
particularly that recorded by tide gauges (Holgate et al. 2013; Permanent Service for Mean Sea Level,
2021). The tide gauges closest to Coulport / Faslane (Millport), Barrow-in-Furness (Heysham), and
Devonport (Plymouth) are presented in Figure 3.1.
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calculation.

Figure 3.1. Historical tide gauges records from Millport, Heysham and Plymouth. Extracted from
Holgate et al. (2013) and Permanent Service for Mean Sea Level (2021).
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A linear trend was used to calculate the rate of historical relative sea-level rise. This indicated that
Millport reported 1.5 mm/yr from 1969 to 2015, Heysham experienced 1.8 mm/yr from 1962 to 2019,
and Plymouth experienced 2.4mm/yr from 1962 to 2020. Note that these are relative values, i.e. that
they include changes in both land level (see Section 3.2) and ocean volume (eustatic sea-level).

This indicates that relative sea-level rise in Scotland is lower than that experienced in the south of
England. This is largely due to changes in land level. Shennan and Horton (2002) report that in central
and western Scotland land is raising by approximately 1.6mm/yr, whereas in the south-west maximum
subsidence is approximately 1.2mm/yr, with updated science (Shennan et al. 2009) agreeing with
these broad trends.

Relative sea-level rise comprises of two components. Firstly, the volume of water in the oceans. This
is known as eustatic sea-level rise. This comprises:

(i) Thermal expansion of oceanic water as it warms;

(ii) Contributions from ice sheets — large expanses of ice in Greenland and Antarctica;

(iii) Contributions from glaciers and ice caps — tongue shaped ice in the world’s mountainous
regions;

(iv) Human action related to water storage.

Secondly, change in land level. This comprises:

(i) Changes to the Earth’s crust; (ii)

Local soil compaction.

Thermal expansion raises the height of the water column as water warms. As thermal expansion is
dependent on temperature, heat uptake in warmer regions has a larger impact on the sea-level than
in colder regions (Oppenheimer et al., 2019). This creates areas of sea-level rise that are less or more
than the global average. Scientists take account of these areas (known as patterns) when projecting
future sea-level rise. Patterns are also modified by other processes, such as ice melt and oceanic and
atmospheric effects (e.g. local temperature, salinity, pressures). As oceans are large and deep, the
effects of the warming water and thermal expansion can take many decades to be realised, so that
there is a time delay mechanism between the cause of atmospheric temperature rise, the absorption
of heat into the ocean and an increase in sea-levels. This time delay is known as the commitment to
sea-level rise and is extremely important, as it means that the effects of global mean temperature rise
now will be felt for decades. Thus, sea-levels have the potential to keep rising over several centuries,
even if there were to be substantial climate change mitigation (see Section 4.5).
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Greenland and Antarctica contain expansive ice sheets that store significant amounts of freshwater,
and are major potential contributors to sea-level rise. Ice sheets lose mass by melting whilst
simultaneously gaining mass from precipitation. Ice sheets are physically difficult to get to and,
therefore, measure without the use of remote observations (Oppenheimer et al., 2019). This makes
modelling the contribution of sea-level rise from ice sheets very challenging. One of the main concerns
is that, with rising temperatures, instabilities could develop and these could cause a sudden loss of
mass from the ice sheets, leading to significant increases in sea-level rise towards the end of this
century or beyond (see Section 4.5).

Glaciers and ice caps, typically found in mountainous areas, contribute smaller volumes of ice.
However, due to their relatively small size compared with ice sheets, they are relatively sensitive to
warming temperatures (Oppenheimer et al., 2019). Over the past century they have contributed more
melting ice to the oceans than the large ice sheets of Greenland and Antarctica (Gregory et al., 2013).
There is high confidence that glaciers will continue to lose substantial volumes of ice throughout this
century (Hock et al. 2019). Modelling suggests that collectively, thermal expansion and the melting of
ice sheets will make a greater contribution than from glaciers and ice caps.

Human water resource management is increasingly recognised as having an impact on sea-levels.
However, this is relatively small compared with other global factors contributing to sea-level rise. The
main mechanisms affecting sea-levels are from groundwater pumping (e.g. for human consumption
or agriculture) and from storage of water in reservoirs and dams (e.g. for water management or
hydropower). In the first part of the 20t century, the construction of reservoirs led to a very small
decrease in the world’s sea-levels. However, in recent decades, water abstraction has started to
contribute to sea-level rise (Chao et al. 2008; Oppenheimer et al., 2019; Wada et al., 2017).

During periods of glaciation the Earth’s crust is locally deformed under the weight of ice. After the ice
has melted, the land can take many thousands of years to recover. Subsequently, the land very slowly
rises where the ice was thickest, and in adjacent areas it can subside. This process known as glacial
isostatic adjustment. Consequently, land in Scotland is generally rising while towards the south of
England it is sinking (Shennan et al. 2009). This phenomenon explains some of the variability in relative
sea-level rise across the UK.

Locally, relative sea-levels can also change due to soil compaction. This may be due to natural causes
or sedimentation, or by tectonics, especially in delta regions. This is unlikely to be a major factor in the
four sites studies here.

Collectively, the components outlined above indicate that understanding sea-level rise is a complex
process, and dependent on many factors, both global and local. As noted, glacial isostatic adjustment
is an important influence on the magnitude of relative sea-level rise throughout the UK. Large
uncertainties remain due to the contribution from thermal expansion and the melting of ice sheets.
The latter has implications over centennial scales (see Section 4.5).
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Whilst it is certain that global temperatures are rising, the future rate of rise and the ultimate extent
of the increase remain unclear. Hawkins and Sutton (2009) acknowledge that uncertainty is due to
both not knowing the magnitude of greenhouse gas emissions (known as scenario uncertainty), and
also the uncertainty in their interaction with other processes leading to a rise in global mean
temperatures (known as model uncertainty), which will ultimately lead to a rise in sea-levels.

This means that scenarios are needed to project future change. A scenario is ‘a plausible description
of how the future may develop based on a coherent and internally consistent set of assumptions about
key driving forces ... and relationships’ (IPCC 2018). Scenarios may be globally, regionally or locally
driven. The main climate change scenarios are called the Representative Concentration Pathways
(RCP). ARCP describes a time series of emissions and concentrations of a full suite of greenhouse gases
and aerosols and chemically active gases, and land cover (IPCC, 2018; Moss et al., 2008). Many RCPs
project future change at global and regional levels (e.g. sub-continental scales), but there are local
scenarios too, including in the UK, generated as part of the UK Climate Projections programme. Each
scenario also has a range of uncertainty, represented through different percentiles. For instance, when
a scenario indicates a 5™ percentile of a projection, it indicates that 5% of model projections fall below
the level indicated, and 95% of the projections are greater than that. A central estimate indicates the
50t percentile projection (Howard et al. 2019).

Globally, a range of sea-level rise scenarios have been generated. These have been formulated to
respond to science and policy needs, and also consider high-end low probability assessments.

Oppenheimer et al. (2019) stated that a low sea-level rise following RCP2.6 has a likely range of 0.43m
(and uncertainty of 0.29m to 0.59m) by 2100 with respect to 1986-2005. At the higher end of this
family of scenarios is RCP8.5, with a likely range of 0.84 (and uncertainty of 0.61m to 1.10m) by 2100,
relative to 1986-2005.

In response to the Paris Agreement (United Nations, 2015), the legally binding international treaty on
climate change, scientists produced new sets of sea-level rise scenarios to track the policy needs of
reaching a rise in 1.5°C and 2.0°C in temperature — lower than the RCP2.6 scenario. These indicated
that by 2100, sea-levels could rise in the range of 0.26—-0.77 m and 0.35-0.93 m for 1.5°C and 2°C
respectively (ranges indicate the 17% to 85% confidence interval). This indicates that sea-levels could
be 0.04-0.16 m higher in a 2°C warmer world compared to a 1.5°C (Hoegh-Guldberg et al. 2018).
However, as sea-level will keep on rising regardless of climate change mitigation, even with the most
stringent mitigation scenarios, multi-metre sea-level rise could be experienced over multiple centuries
(Oppenheimer et al. 2019; Hoegh-Guldberg et al. 2018).

In recent years there remains debate into how much sea-levels could rise, in particular due to the
stability of ice sheets. For example, DeConto et al. (2021) suggests a jump in the contribution from
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Antarctica after 2060, which could contribute approximately Smm/yr of sea-level rise equivalent by
2100. This could happen if the emissions targets set out in the Paris Agreement are exceeded.

Given the longevity and safety issues surrounding nuclear operations and the long-term use of port
facilities, it is important to consider rises in sea-level beyond 2100, with many experts supporting the
use of sea-level rise scenarios exceeding 2m during the 215 century for planning purposes (Bamber et
al. 2019). A number of expert surveys have been carried out with respect to sea-level rise. One such
survey is Horton et al. (2020) who asked 106 scientists to make informed expert projections. They
suggest possible rises of 0.54m to 2.15m by 2300 for a climate change mitigation scenario (RCP2.6)
and 1.67m to 5.61m by 2300 for a non-mitigation scenario (RCP8.5). Other projections to 2300 indicate
rises of 0.59m to 1.55m under a 1.5°C mitigation scenario and between 2.76m to 6.87m under a non-
mitigation scenario (RCP8.5) (Goodwin et al. 2018). Oppenheimer et al. (2019) found that in the 22"¢
century, the rate of sea-level rise could exceed several centimetres per year. Hence, sea-levels are
potentially projected to rise faster in the 215 century than the 20th century (i.e. an acceleration from
previous centuries), with large uncertainties in the magnitude of future sea-level rise, even under
climate change mitigation.

The UK Climate Projections Programme 2019 (UKCP18) is a climate analysis tool that allows
stakeholders to determine how the future climate may change at local levels (Met Office, 2019).
Climate change projections are available for a range of RCP scenarios, including both with mitigation
and without mitigation. The marine projections, which cover sea-level rise, have a geographical
resolution of 12km (Met Office, 2019) situated on the open coast, including near to Coulport, Faslane,
Barrow-in-Furness and Devonport. The main set of projections considers future sea-level rise up to
2100, and a longer term outlook up to 2300 (see Section 4.5).

To derive the sea-level rise scenarios to 2100, UKCP18 scientists followed the methodology developed
by the Intergovernmental Panel on Climate Change’s 5™ Assessment Report (IPCC, 2013) and updated
using methodology from Levermann et al. (2014). In their sea-level rise scenarios, they included
contributions from thermal expansion, glaciers and ice caps, ice sheets and water contribution from
land storage of water. Due to the number of parameters they considered, there is a wide range of
uncertainty associated with these projections. As the local scenarios are downscaled from global
projections, they do not consider the full probabilistic range of uncertainties (Lowe et al. 2018; Palmer
et al. 2018). However, they remain excellent projections and ideal to determine local levels of sea-
level rise around the UK.

To derive sea-level rise scenarios post 2100, exploratory scenarios were used (Palmer et al. 2018;
Howard et al. 2019). These were generated by making simple assumptions of stabilising emission
concentrations or constant emissions after 2100, including the use of a simple two-layer energy
balance model. These results were compared against more complex models, with favourable results.

Figure 4.1 presents relative sea-level rise scenarios closest data to the localities of Coulport / Faslane,
Barrow-in-Furness and Plymouth. Three different scenarios are shown: RCP2.6 (climate change
mitigation), RCP8.5 (non-mitigation), and RCP4.5 (intermediate pathway). The figure illustrates three
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levels of uncertainty representing the 50t percentile, and the lower (5" percentile) and upper (95t
percentile) uncertainties. Table Al.1 lists the relative sea-level rise data presented in Figure 4.1.

Coulport and Faslane Barrow-in-Furness Devonport
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Figure 4.1. Relative sea-level rise projections to 2100 with respect to 1981-2000 for the closest
12km grid squares to Coulport / Faslane (55.94N, -4.92E), Barrow-in-Furness (54.17N, -3.25E) and
Devonport (50.28N, -4.25E). Scenarios indicate RCP2.6 (red lines), RCP4.5 (green lines) and RCP8.5

(blue lines) for the 5t 50t and 95t percentiles of uncertainty (Met Office, 2019). Data downloaded
under the Open Government Licence (LINK).

Coulport and Faslane indicate the lowest relative sea-level rise with 0.12m (0.03m-0.22m) projected
in 2050 and 0.23m (0.07m-0.49m) in 2100 under a RCP2.6 (mitigation) scenario. Under the same
scenario, Barrow-in-Furness reports 0.16m (0.08m-0.27m) in 2050 and 0.32m (0.16m-0.58m) in 2100,
whilst Devonport projects higher values of 0.24m (0.16m-0.35m) in 2050 and 0.47m (0.30m-0.73m) in
2100.
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With the intermediate scenario of RCP4.5, Coulport and Faslane indicate a rise of 0.13m (0.04m0.24m)
in 2050 and 0.31m (0.13m-0.60m) in 2100. Barrow-in-Furness projects 0.17m (0.09m-0.29m) in 2050
and 0.40m (0.22m-0.69m) in 2100, whilst Devonport projects higher values of 0.25m (0.16m0.37m) in
2050 and 0.55m (0.37m-0.85m) in 2100.

When considering a non-mitigation scenario (RCP8.5), Coulport and Faslane project 0.17m (0.07m-
0.28m) in 2050 and 0.50m (0.27m-0.84m) in 2100, with Barrow-in-Furness reporting 0.21m
(0.12m0.33m) in 2050 and 0.60m (0.36m-0.96m) in 2100, whilst Devonport projects higher values of
0.29m (0.19m-0.42m) in 2050 and 0.77m (0.52m-1.14m) in 2100.

These results indicate that until 2050, the relative sea-level rise scenarios per location are fairly similar,
with a relatively small uncertainty range. As the century progresses, the scenarios diverge and the rate
of sea-level rise increases. This is due to the commitment to sea-level rise, as past warming is now
realised. Importantly, these rises continue beyond 2100.

Table 4.1 indicates the projected relative sea-level rise in 2060, a period of time that broadly coincides
with the end of the Dreadnought (replacement Vanguard / Trident) programme. For each location,
the scenario’s 50t percentile projection has a lower overall uncertainty range that the uncertainty
within the projection. Hence, regardless of the emission path taken between now and 2060, there is
a greater certainty of the potential magnitude of sea-level rise compared with the end of the century.

Table 4.1. Relative sea-level rise in 2060. with respect to 1981-2000 for the closest 12km grid
squares to Coulport / Faslane (55.94N, -4.92E), Barrow-in-Furness (54.17N, -3.25E) and Devonport
(50.28N, -4.25E). Scenarios indicated RCP2.6, RCP4.5 and RCP8.5 for the 5t 50" and 95"
percentiles of uncertainty. (Met Office, 2019). Data downloaded under the Open Government
Licence (LINK).

Location Relative sea-level rise (m) in 2060 with respect to
1981-2000

Coulport & Faslane RCP8.5 0.11 0.22 0.37
Coulport & Faslane RCP4.5 0.06 0.16 0.31
Coulport & Faslane RCP2.6 0.05 0.14 0.27
Barrow-in-Furness RCP8.5 0.16 0.28 0.43
Barrow-in-Furness RCP4.5 0.12 0.22 0.36
Barrow-in-Furness RCP2.6 0.10 0.19 0.33
Devonport RCP8.5 0.25 0.37 0.53
Devonport RCP4.5 0.21 0.31 0.46
Devonport RCP2.6 0.19 0.29 0.42
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4.5 Outlook to 2300

Crucially, beyond 2060 when the Trident replacement could potentially end, including at the turn of
the century, sea-levels are expected to keep rising even under a climate change mitigation scenario
(RCP2.6). Figure 4.2 presents relative sea-level rise scenarios closest to Coulport / Faslane, Barrow-
inFurness and Plymouth up to 2300. As with Figure 4.1, three different scenarios are shown: RCP2.6
(climate change mitigation), RCP8.5 (non-mitigation), and RCP4.5 (intermediate pathways). The figure
illustrates three levels of uncertainties representing the 50 percentile, and the lower and upper
uncertainties that represent the 5" and 95 percentiles. Table A1.2 lists the relative sea-level rise data
presented in Figure 4.2.
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Figure 4.2. Sea-level rise projections to 2300 with respect to 1981-2000 for the closest 12km grid
squares to Coulport / Faslane (55.94N, -4.92E), Barrow-in-Furness (54.17N, -3.25E) and Devonport
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(50.28N, -4.25E). Scenarios indicated RCP2.6 (red lines), RCP4.5 (green lines) and RCP8.5 (blue
lines) for the 5™ 50t and 95 percentiles of uncertainty. (Met Office, 2019). Data downloaded
under the Open Government Licence (LINK).

Results indicate that the level of relative sea-level rise projected for Coulport / Faslane could, under
the worst case scenario, be in excess of 3m by 2300. Under the most optimistic scenario, the rate of
sea-level rise may stabilise leading to a negligible increase in relative sea-level rise. At Barrow-in-
Furness, relative sea-level rise is projected, under a non-mitigation scenario, to be 3.8m, and at
Devonport 4.35m. However, there are large uncertainties around these numbers. What is important
to recognise here is that sea-levels will keep rising for hundreds of years. Hence, existing, and some of
the newly installed infrastructure and facilities, will need protected from sea-level rise in decades and
centuries to come.

The main driver of future coastal hazards at the locations studied is likely to be from sea-level rise.
However, changes to storm surges and the effects of waves could also cause damage to infrastructure
at the sites. As the sites are situated within estuaries or lochs there is a natural degree of protection
compared with the open coast. Additionally, the use of breakwaters in ports offers protection to the
effects of waves.

For many years, there have been discussions as to whether there will be an increase in the frequency
and/or the severity of storms and, therefore, the height of storm surges associated with extreme
water levels. It is also suggested that there will be a decrease in return period so that extreme events
happen more frequently. It is these extreme events caused by a combination of storm surges, often
coinciding with high tides, that lead to the greatest flood impacts in a given location. From assessing
regionally downscaled models and an analysis of ‘high end’ projections, Palmer et al. (2018) indicated
that throughout the UK (based on results from the UKCP18), there is a ‘best estimate of zero additional
contribution’ from changes in surges. There may be projected changes in the skew surge (the
difference between the maximum predicted tide and the maximum observed sea-level), but this
remains highly uncertain (Palmer et al. 2018). Although small regional variations of surges could occur,
within the period of up to 2060 that is considered in this report, these are considered minor. Other
studies consider that there may be regional differences (Arns et al. 2017).
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World-wide adaptation is needed to reduce risks from rising sea-levels. Adaptation in human systems
is defined as ‘the process of adjustment to actual or expected climate and its effects, in order to
moderate harm or exploit beneficial opportunities’ (IPCC, 2018). For Coulport / Faslane, Barrow-in-
Furness and Devonport this means considering potential flood risk and how to reduce flooding, most
likely through protective means. This includes all infrastructure both on site and connected to the site,
and secondary or cascading consequences and effects.

The UK Climate Change Act of 2008 has a remit to ‘make provision about adaptation to climate change’
(HM Government, 2008). This means that all organisations, including ports, need to consider the
impact of climate change on their surroundings and activities, and plan for change. The Paris
Agreement (United Nations, 2015) also requires nations to report on progress on adaptation. In
response to both of these frameworks, the UK government has been reporting on adaptation through
its National Adaptation Programme — a five year cycle of reporting, that feeds into the UK’s Climate
Change Risk Assessment (DEFRA, 2018). In 2017, it identified that flooding and coastal change was a
priority area that needed further action within the next five years. Ports were also highlighted as being
particularly susceptible to flooding (Environment Agency, 2020a) and require additional investment
to reduce potential damage.

Rising sea-levels and extreme water levels at ports could, through flooding, affect cargo, energy
generation, on-site operations and associated infrastructure (Flegg, 2018). Very often, commercial
ports react to events, rather than taking an anticipatory approach (Flegg, 2018). However, for ports at
high-risk of flooding and where consequences would be high, one might expect to find a more
precautionary approach.

This could mean the raising of sea walls and/or the protection of individual port facilities such as cranes
and buildings and other infrastructure. This may affect the locations specifically discussed within this
report, but also surrounding link roads. In the case of Coulport, for example, the B833 Shore Road to
the south of the site is at low elevation alongside the loch and may need to be protected or raised.
Adaptation would need to consider the impact of climate effects, which may be slow onset (such as
sea-level rise) or fast onset (such as a storm leading to an extreme water level event). The impacts
could include equipment damage and write-off, contamination, delays and, of course, their financial
effects (Popovic et al., 2014), as well as back-up plans, such as alternative access or generators.
Adaptation could include the development and deployment of flood risk management plans, updated
regulations or operating procedures, protection of power supplies (e.g. back-up provision) and
improvements to infrastructure, such as land raising and alternative access routes. Adaptation could
happen in the immediate future, or in the long term when the risks are more certain. Alternatively,
they could be timed to coincide with other infrastructure upgrades. Whatever the timing, it is
important that any adaptation should consider both the short-term and long-term risks, so that short-
term benefits are not outweighed by long-term costs.
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It is clear that some infrastructure improvements are being implemented. For instance, a dry dock in
Devonport will be upgraded from 2021 with standards sufficient to withstand significant earthquakes,
high winds and high tides (Navy Lookout, 2020). There are also claims that sea walls will be built higher
to prevent flooding from rising sea-levels (Telford, 2020). In Faslane, a Freedom of Information request
(DOI Secretariat, 2020) indicated a climate change risk assessment has been undertaken in the Clyde,
which considered a 0.70m sea-level rise by the end of the century, with another assessment indicating
a 0.47m rise by 2080. When land level rise is taken into account, the latter value is a few centimetres
higher than the latest values considered in this present report. No publicly available information was
found for Coulport or Barrow-in-Furness.

The Environment Agency (2020b) indicates allowances for the effects of climate change to reduce
flood and coastal risk in projects and protection schemes. This indicates that projects should consider
the RCP8.5 scenario using the 70t percentile of change as the design allowance, but also consider the
95t percentile for planning for more severe climate impacts (the data set used in this report — see
Table A1.2). It also advises users to consider high impact, low probability events (known as a H++
scenario) based on the UK Climate Projections of 2009. This indicates an allowance of between 0.93m
to 1.9m of sea-level rise by 2100 (Lowe et al. 2009). These allowances would need to be added to
present day extreme sea-levels, that take account of the astronomical tide levels and surges
(Environment Agency, 2020b). Thus, given the assets exposed to rising sea-levels, it would be expected
that at least the RCP8.5 (95t percentile) would be used to factor in sea-level rise. Given the use and
nature of the localities presented, it is extremely likely that they would be in use beyond 2060 (i.e.
beyond the lifetime of the Trident replacement, even if it were for a different purpose). Therefore, it
is anticipated that the value of sea-level rise to at least 2100 would be considered.

The Office for Nuclear Regulation (2018a,b) states that facilities should be able to withstand a design
basis event (i.e. 1:10,000 year event), and where this is not possible a dry site concept, including
external barriers such as levees and seawalls. Hence, climate change and sea-level rise mean an
evolving base line and regular reassessment using the latest science for protection of new and existing
sites, particularly considering the opportunities for adaptive management to high impact low
probability (H++) events. Tsunamis are also considered a potential flood hazard, so adaptation to these
events should be occurring too. Importantly, clearly communicating the standards of protection
against present and future flooding, accounting for sea-level rise in climate change adaptation risk
assessments, would be welcomed.

Although this report has focused on sea-level rise, other climate change impacts, such as warming
temperatures, changes to humidity, high winds / gusts, change in frequency and duration of
precipitation causing pluvial flooding may also have an adverse effect on coastal localities. In port
areas, this could cause greater disruption to day-to-day operations through power disruptions,
inaccessibility, vessel damage, and damage to cranes and other equipment (Flegg, 2018). Extreme
weather events rarely occur in isolation (Wisner et al. 2004), which can lead to interlinking pressures
that could be more severe to contend with. Adaptation would need to consider the wider effects of
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climate change, not just sea-level rise in isolation, to ensure effective and safe working of Trident-type
sites over many decades to come.
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Sea-level rise presents a major long-term hazard for naval nuclear facilities located on the UK’s coast.
These include four sites - Coulport, Faslane, Barrow-in-Furness and Devonport — with heavy
involvement in the manufacture, arming and deployment of the Dreadnought class submarines that,
starting in the 2030s, will replace the ageing Trident boats. At risk are protective engineered features,
such as seawalls, and infrastructure such as port operating equipment and buildings.

Changes in sea-level are caused by a range of processes and there are significant uncertainties in the
rate and magnitude of future rise, especially when projecting to timescales of 100 years and more. By
2060, the UK Climate Projections programme suggests a relative sea-level rise of between 0.05m to
0.37m for Coulport and Faslane, 0.10m to 0.43m for Barrow-in-Furness and 0.19m to 0.53m for
Devonport. This takes account of a range of climate change scenarios and percentiles of uncertainty.
One of the main reasons that there are geographical differences is changes to relative land levels, as
Scotland is rising, whereas the south of England is subsiding.

Regardless of any measures taken to curb greenhouse gas emissions, sea-levels are projected to keep
rising beyond 2100. Therefore, it is important to consider the long-term effects of sea-level rise in
these locations. This could be in the range of multiple-metre of sea-level rise over the centuries.
Planned engineering work needs to look beyond the time span of the Trident replacement programme
to consider the long-term impacts of sea-level rise on flood risk, and consider the benefits of
adaptation. This means potentially considering high impact, low probability events, such as the H++
scenario (up to 1.9m of sea-level rise by 2100) as a credible maximum. Adaptation includes the
possibility of raising of sea walls, associated port operating infrastructure and also buildings, all of
which require long-term monitoring and planning to mitigate the effects of extreme weather events
and rising sea-levels. Communicating risks and methods to adapt to changing risks at high-risk sites
would be welcomed.
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APPENDIX 1

Table Al.1. Relative sea-level rise projections to 2100 with respect to 1981-2000 for the closest
12km grid squares to Coulport / Faslane (55.94N, -4.92E), Barrow-in-Furness (54.17N, -3.25E) and
Devonport (50.28N, -4.25E). Scenarios indicated RCP2.6, RCP4.5 and RCP8.5 for the 5™ 50t and
95th percentiles of uncertainty. Data presented every five years. (Met Office, 2019). Data
downloaded under the Open Government Licence (LINK).

Relative sea-level rise (m) with respect to 1981-2000

Location
5th ‘ 50th 95th
Devonport 2010 RCP8.5 0.01 0.06 0.11
Devonport 2015 RCP8.5 0.03 0.08 0.13
Devonport 2020 RCP8.5 0.04 0.10 0.16
Devonport 2025 RCP8.5 0.07 0.13 0.20
Devonport 2030 RCP8.5 0.09 0.16 0.23
Devonport 2035 RCP8.5 0.11 0.19 0.27
Devonport 2040 RCP8.5 0.14 0.22 0.32
Devonport 2045 RCP8.5 0.17 0.26 0.37
Devonport 2050 RCP8.5 0.19 0.29 0.42
Devonport 2055 RCP8.5 0.22 0.33 0.47
Devonport 2060 RCP8.5 0.25 0.37 0.53
Devonport 2065 RCP8.5 0.29 0.42 0.60
Devonport 2070 RCP8.5 0.32 0.46 0.66
Devonport 2075 RCP8.5 0.35 0.51 0.73
Devonport 2080 RCP8.5 0.38 0.56 0.81
Devonport 2085 RCP8.5 0.42 0.61 0.89
Devonport 2090 RCP8.5 0.45 0.66 0.97
Devonport 2095 RCP8.5 0.49 0.72 1.05
Devonport 2100 RCP8.5 0.52 0.77 1.14
Devonport 2010 RCP4.5 0.01 0.05 0.10
Devonport 2015 RCP4.5 0.03 0.07 0.13
Devonport 2020 RCP4.5 0.04 0.10 0.16
Devonport 2025 RCP4.5 0.06 0.12 0.19
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Devonport 2030 RCP4.5 0.08 0.14 0.22
Devonport 2035 RCP4.5 0.10 0.17 0.26
Devonport 2040 RCP4.5 0.12 0.20 0.29
Devonport 2045 RCP4.5 0.14 0.22 0.33
Devonport 2050 RCP4.5 0.16 0.25 0.37
Devonport 2055 RCP4.5 0.19 0.28 0.42
Devonport 2060 RCP4.5 0.21 0.31 0.46
Devonport 2065 RCP4.5 0.23 0.34 0.51
Devonport 2070 RCP4.5 0.25 0.37 0.55

Relative sea-level rise (m) with respect to 1981-2000

Location
5th 50th 95th
Devonport 2075 RCP4.5 0.27 0.40 0.60
Devonport 2080 RCP4.5 0.29 0.43 0.65
Devonport 2085 RCP4.5 0.31 0.46 0.70
Devonport 2090 RCP4.5 0.33 0.49 0.75
Devonport 2095 RCP4.5 0.35 0.52 0.80
Devonport 2100 RCP4.5 0.37 0.55 0.85
Devonport 2010 RCP2.6 0.01 0.05 0.10
Devonport 2015 RCP2.6 0.03 0.07 0.13
Devonport 2020 RCP2.6 0.04 0.10 0.16
Devonport 2025 RCP2.6 0.06 0.12 0.19
Devonport 2030 RCP2.6 0.08 0.14 0.22
Devonport 2035 RCP2.6 0.10 0.17 0.25
Devonport 2040 RCP2.6 0.12 0.19 0.28
Devonport 2045 RCP2.6 0.14 0.22 0.32
Devonport 2050 RCP2.6 0.16 0.24 0.35
Devonport 2055 RCP2.6 0.17 0.26 0.39
Devonport 2060 RCP2.6 0.19 0.29 0.42
Devonport 2065 RCP2.6 0.21 0.31 0.46
Devonport 2070 RCP2.6 0.22 0.33 0.50
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Devonport 2075 RCP2.6 0.24 0.36 0.53
Devonport 2080 RCP2.6 0.25 0.38 0.57
Devonport 2085 RCP2.6 0.26 0.40 0.61
Devonport 2090 RCP2.6 0.28 0.42 0.65
Devonport 2095 RCP2.6 0.29 0.45 0.69
Devonport 2100 RCP2.6 0.30 0.47 0.73
Barrow-in-Furness 2010 RCP8.5 -0.02 0.03 0.08
Barrow-in-Furness 2015 RCP8.5 0.00 0.05 0.10
Barrow-in-Furness 2020 RCP8.5 0.01 0.06 0.13
Barrow-in-Furness 2025 RCP8.5 0.02 0.08 0.15
Barrow-in-Furness 2030 RCP8.5 0.04 0.10 0.18
Barrow-in-Furness 2035 RCP8.5 0.06 0.13 0.21
Barrow-in-Furness 2040 RCP8.5 0.08 0.15 0.25
Barrow-in-Furness 2045 RCP8.5 0.10 0.18 0.29
Barrow-in-Furness 2050 RCP8.5 0.12 0.21 0.33
Barrow-in-Furness 2055 RCP8.5 0.14 0.24 0.38
Barrow-in-Furness 2060 RCP8.5 0.16 0.28 0.43
Barrow-in-Furness 2065 RCP8.5 0.18 0.31 0.49
Barrow-in-Furness 2070 RCP8.5 0.21 0.35 0.54

Relative sea-level rise (m) with respect to 1981-2000

Location
5th 50th 95th
Barrow-in-Furness 2075 RCP8.5 0.23 0.39 0.61
Barrow-in-Furness 2080 RCP8.5 0.26 0.43 0.67
Barrow-in-Furness 2085 RCP8.5 0.28 0.47 0.74
Barrow-in-Furness 2090 RCP8.5 0.31 0.51 0.81
Barrow-in-Furness 2095 RCP8.5 0.33 0.56 0.89
Barrow-in-Furness 2100 RCP8.5 0.36 0.60 0.96
Barrow-in-Furness 2010 RCP4.5 -0.01 0.03 0.08
Barrow-in-Furness 2015 RCP4.5 0.00 0.04 0.10
Barrow-in-Furness 2020 RCP4.5 0.01 0.06 0.12
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Barrow-in-Furness 2025 RCP4.5 0.02 0.07 0.14
Barrow-in-Furness 2030 RCP4.5 0.03 0.09 0.17
Barrow-in-Furness 2035 RCP4.5 0.04 0.11 0.20
Barrow-in-Furness 2040 RCP4.5 0.06 0.13 0.23
Barrow-in-Furness 2045 RCP4.5 0.07 0.15 0.26
Barrow-in-Furness 2050 RCP4.5 0.09 0.17 0.29
Barrow-in-Furness 2055 RCP4.5 0.10 0.19 0.33
Barrow-in-Furness 2060 RCP4.5 0.12 0.22 0.36
Barrow-in-Furness 2065 RCP4.5 0.13 0.24 0.40
Barrow-in-Furness 2070 RCP4.5 0.14 0.26 0.44
Barrow-in-Furness 2075 RCP4.5 0.16 0.28 0.48
Barrow-in-Furness 2080 RCP4.5 0.17 0.31 0.52
Barrow-in-Furness 2085 RCP4.5 0.18 0.33 0.56
Barrow-in-Furness 2090 RCP4.5 0.19 0.35 0.60
Barrow-in-Furness 2095 RCP4.5 0.21 0.38 0.64
Barrow-in-Furness 2100 RCP4.5 0.22 0.40 0.69
Barrow-in-Furness 2010 RCP2.6 -0.01 0.03 0.08
Barrow-in-Furness 2015 RCP2.6 0.00 0.04 0.10
Barrow-in-Furness 2020 RCP2.6 0.01 0.06 0.12
Barrow-in-Furness 2025 RCP2.6 0.02 0.07 0.14
Barrow-in-Furness 2030 RCP2.6 0.03 0.09 0.17
Barrow-in-Furness 2035 RCP2.6 0.04 0.11 0.19
Barrow-in-Furness 2040 RCP2.6 0.06 0.13 0.22
Barrow-in-Furness 2045 RCP2.6 0.07 0.14 0.24
Barrow-in-Furness 2050 RCP2.6 0.08 0.16 0.27
Barrow-in-Furness 2055 RCP2.6 0.09 0.18 0.30
Barrow-in-Furness 2060 RCP2.6 0.10 0.19 0.33
Barrow-in-Furness 2065 RCP2.6 0.11 0.21 0.35
Barrow-in-Furness 2070 RCP2.6 0.12 0.23 0.38

Location ‘ Year ‘ RCP Relative sea-level rise (m) with respect to 1981-2000
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5th 50th 95th
Barrow-in-Furness 2075 RCP2.6 0.12 0.24 0.41
Barrow-in-Furness 2080 RCP2.6 0.13 0.26 0.44
Barrow-in-Furness 2085 RCP2.6 0.14 0.27 0.48
Barrow-in-Furness 2090 RCP2.6 0.14 0.29 0.51
Barrow-in-Furness 2095 RCP2.6 0.15 0.30 0.54
Barrow-in-Furness 2100 RCP2.6 0.16 0.32 0.58
Coulport & Faslane 2010 RCP8.5 -0.03 0.02 0.07
Coulport & Faslane 2015 RCP8.5 -0.02 0.03 0.08
Coulport & Faslane 2020 RCP8.5 -0.01 0.04 0.10
Coulport & Faslane 2025 RCP8.5 0.00 0.06 0.13
Coulport & Faslane 2030 RCP8.5 0.01 0.08 0.15
Coulport & Faslane 2035 RCP8.5 0.03 0.10 0.18
Coulport & Faslane 2040 RCP8.5 0.04 0.12 0.21
Coulport & Faslane 2045 RCP8.5 0.06 0.14 0.25
Coulport & Faslane 2050 RCP8.5 0.07 0.17 0.29
Coulport & Faslane 2055 RCP8.5 0.09 0.19 0.33
Coulport & Faslane 2060 RCP8.5 0.11 0.22 0.37
Coulport & Faslane 2065 RCP8.5 0.13 0.25 0.43
Coulport & Faslane 2070 RCP8.5 0.15 0.29 0.48
Coulport & Faslane 2075 RCP8.5 0.16 0.32 0.54
Coulport & Faslane 2080 RCP8.5 0.18 0.35 0.60
Coulport & Faslane 2085 RCP8.5 0.20 0.39 0.66
Coulport & Faslane 2090 RCP8.5 0.22 0.43 0.73
Coulport & Faslane 2095 RCP8.5 0.25 0.47 0.79
Coulport & Faslane 2100 RCP8.5 0.27 0.50 0.86
Coulport & Faslane 2010 RCP4.5 -0.03 0.02 0.06
Coulport & Faslane 2015 RCP4.5 -0.02 0.03 0.08
Coulport & Faslane 2020 RCP4.5 -0.01 0.04 0.10
Coulport & Faslane 2025 RCP4.5 -0.01 0.05 0.12
Coulport & Faslane 2030 RCP4.5 0.00 0.06 0.14
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Coulport & Faslane 2035 RCP4.5 0.01 0.08 0.16
Coulport & Faslane 2040 RCP4.5 0.02 0.09 0.19
Coulport & Faslane 2045 RCP4.5 0.03 0.11 0.22
Coulport & Faslane 2050 RCP4.5 0.04 0.13 0.25
Coulport & Faslane 2055 RCP4.5 0.05 0.15 0.28
Coulport & Faslane 2060 RCP4.5 0.06 0.16 0.31
Coulport & Faslane 2065 RCP4.5 0.07 0.18 0.34
Coulport & Faslane 2070 RCP4.5 0.08 0.20 0.38

Relative sea-level rise (m) with respect to 1981-2000

Location
5th 50th 95th
Coulport & Faslane 2075 RCP4.5 0.09 0.22 0.41
Coulport & Faslane 2080 RCP4.5 0.10 0.24 0.45
Coulport & Faslane 2085 RCP4.5 0.11 0.26 0.48
Coulport & Faslane 2090 RCP4.5 0.12 0.28 0.52
Coulport & Faslane 2095 RCP4.5 0.12 0.29 0.56
Coulport & Faslane 2100 RCP4.5 0.13 0.31 0.60
Coulport & Faslane 2010 RCP2.6 -0.03 0.01 0.06
Coulport & Faslane 2015 RCP2.6 -0.02 0.03 0.08
Coulport & Faslane 2020 RCP2.6 -0.01 0.04 0.10
Coulport & Faslane 2025 RCP2.6 0.00 0.05 0.12
Coulport & Faslane 2030 RCP2.6 0.00 0.06 0.14
Coulport & Faslane 2035 RCP2.6 0.01 0.08 0.16
Coulport & Faslane 2040 RCP2.6 0.02 0.09 0.18
Coulport & Faslane 2045 RCP2.6 0.03 0.10 0.20
Coulport & Faslane 2050 RCP2.6 0.04 0.12 0.23
Coulport & Faslane 2055 RCP2.6 0.04 0.13 0.25
Coulport & Faslane 2060 RCP2.6 0.05 0.14 0.27
Coulport & Faslane 2065 RCP2.6 0.05 0.15 0.30
Coulport & Faslane 2070 RCP2.6 0.06 0.17 0.32
Coulport & Faslane 2075 RCP2.6 0.06 0.18 0.35
Coulport & Faslane 2080 RCP2.6 0.07 0.19 0.38
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Coulport & Faslane 2085 RCP2.6 0.07 0.20 0.40

Coulport & Faslane 2090 RCP2.6 0.07 0.21 0.43
Coulport & Faslane 2095 RCP2.6 0.07 0.22 0.46
Coulport & Faslane 2100 RCP2.6 0.07 0.23 0.49

Table A1.2. Relative sea-level rise projections to 2300 with respect to 1981-2000 for the closest
12km grid squares to Coulport / Faslane (55.94N, -4.92E), Barrow-in-Furness (54.17N, -3.25E) and
Devonport (50.28N, -4.25E). Scenarios indicated RCP2.6, RCP4.5 and RCP8.5 for the 5" 50t and
95t percentiles of uncertainty. Data presented every fifty years. (Met Office, 2019). Data
downloaded under the Open Government Licence (LINK).

Relative sea-level rise (m) with respect to 1981-2000

Location

Sth ‘ 50th 95th
Devonport 2050 RCP8.5 0.19 0.29 0.42
Devonport 2100 RCP8.5 | 0.52 0.77 1.14
Devonport 2150 RCP8.5 0.87 1.32 2.03
Devonport 2200 RCP8.5 1.15 1.79 2.86
Devonport 2250 RCP8.5 1.36 2.20 3.64
Devonport 2300 RCP8.5 1.50 2.54 4.35
Devonport 2050 RCP4.5 | 0.16 0.25 0.37
Devonport 2100 RCP4.5 0.37 0.55 0.85
Devonport 2150 RCP4.5 | 0.54 0.84 1.37
Devonport 2200 RCP4.5 | 0.67 1.09 1.86
Devonport 2250 RCP4.5 | 0.78 1.30 2.31
Devonport 2300 RCP4.5 | 0.86 1.48 2.73
Devonport 2050 RCP2.6 0.16 0.24 0.35
Devonport 2100 RCP2.6 | 0.30 0.47 0.73
Devonport 2150 RCP2.6 | 0.41 0.67 1.15
Devonport 2200 RCP2.6 | 0.49 0.84 1.54
Devonport 2250 RCP2.6 | 0.55 0.99 1.92
Devonport 2300 RCP2.6 0.61 1.12 2.28
Barrow-in-Furness 2050 RCP8.5 0.12 0.21 0.33
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Barrow-in-Furness 2100 RCP8.5 0.36 0.60 0.96
Barrow-in-Furness 2150 RCP8.5 0.62 1.05 1.74
Barrow-in-Furness 2200 RCP8.5 0.80 143 2.48
Barrow-in-Furness 2250 RCP8.5 0.92 1.74 3.16
Barrow-in-Furness 2300 RCP8.5 0.98 1.99 3.77
Barrow-in-Furness 2050 RCP4.5 0.09 0.17 0.29
Barrow-in-Furness 2100 RCP4.5 0.22 0.40 0.69
Barrow-in-Furness 2150 RCP4.5 0.31 0.61 1.13
Barrow-in-Furness 2200 RCP4.5 0.38 0.78 1.54
Barrow-in-Furness 2250 RCP4.5 0.41 0.91 191
Barrow-in-Furness 2300 RCP4.5 0.42 1.02 2.26
Barrow-in-Furness 2050 RCP2.6 0.08 0.16 0.27
Barrow-in-Furness 2100 RCP2.6 0.16 0.32 0.58
Barrow-in-Furness 2150 RCP2.6 0.19 0.44 0.92

Relative sea-level rise (m) with respect to 1981-2000

Location

5th 50th 95th
Barrow-in-Furness 2200 RCP2.6 0.20 0.54 1.24
Barrow-in-Furness 2250 RCP2.6 0.20 0.62 1.54
Barrow-in-Furness 2300 RCP2.6 0.18 0.69 1.83
Coulport & Faslane 2050 RCP8.5 0.07 0.17 0.29
Coulport & Faslane 2100 RCP8.5 0.27 0.50 0.86
Coulport & Faslane 2150 RCP8.5 0.46 0.89 1.59
Coulport & Faslane 2200 RCP8.5 0.59 1.21 2.27
Coulport & Faslane 2250 RCP8.5 0.65 1.47 2.89
Coulport & Faslane 2300 RCP8.5 0.65 1.67 3.44
Coulport & Faslane 2050 RCP4.5 0.04 0.13 0.25
Coulport & Faslane 2100 RCP4.5 0.13 0.31 0.60
Coulport & Faslane 2150 RCP4.5 0.18 0.48 1.00
Coulport & Faslane 2200 RCP4.5 0.20 0.61 1.37
Coulport & Faslane 2250 RCP4.5 0.19 0.70 1.71
Coulport & Faslane 2300 RCP4.5 0.16 0.77 2.01
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Coulport & Faslane 2050 RCP2.6 0.04 0.12 0.23

Coulport & Faslane 2100 RCP2.6 0.07 0.23 0.49

Coulport & Faslane 2150 RCP2.6 0.07 0.32 0.80

Coulport & Faslane 2200 RCP2.6 0.04 0.38 1.08

Coulport & Faslane 2250 RCP2.6 0.00 0.42 1.35

Coulport & Faslane 2300 RCP2.6 -0.06 0.45 1.60
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