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Executive Summary

The purpose of this document is to review the relevant scientific advances that
have taken place since the release of the UKCP09 Marine Projections and provide
advice on what information to use for coastal or marine adaptation planning until

the new projections are available from the UKCP18 project.

The summary of advice is as follows:

e There have been substantial changes in the science of time-mean sea level
projections since UKCP09 was published, which was based on the science of the
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report
(AR4; IPCC, 2007). We advise users to avoid using this older information and to
wait for the updated UKCP18 projections to become available if possible. If
information is needed to inform a decision before then, we advise users to take
information from the IPCC Fifth Assessment Report (AR5; IPCC, 2013) into
account:
http://www.climatechange2013.org/images/report/WG1AR5 Chapterl3 FINAL.pdf

¢ Changes in climate projections of mid-latitude Atlantic storms are less different
between AR4 and AR5 than the assessment of time-mean sea level. We
recommend that users continue to use projections of storm surge changes
reported in UKCPQ09 as a minimum estimate of the range, until new information

becomes available from UKCP18.

¢ Wave projections will not be updated as part of UKCP18 and users should
continue to make use of the projections provided as part of UKCP09. Global wave
projections are available for RCP4.5 and RCP8.5 as part of the Coordinated
Ocean Wave Climate Project (COWCLIP) from
https://data.csiro.au/dap/landingpage?pid=csiro:13500

e Shelf sea projections of temperature, salinity and circulation will not be updated as
part of UKCP18. UKCPQ9 provided a single projection for shelf sea water
properties. More recently a similar modelling system has been used to generate
an ensemble of projections under the MINERVA project (Tinker et al, 2016). We

recommend that users make use of the full MINERVA data set (which includes the
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UKCPOQ9 projections) when considering potential changes in shelf water properties
over the 21 Century. These data are available from
http://catalogue.ceda.ac.uk/uuid/c92a088715184487a2eab79949dfe497

e New H++ scenarios for time-mean sea level over the 21% Century will be
developed during the UKCP18 period in collaboration with the UK academic
community. Users should continue to use the H++ scenarios developed for
UKCPOQ9 and also refer to the AR5 statement on potential additional sea level rise
(above their “likely ranges”) associated with possible collapse of the West Antarctic
Ice Sheet. The relevant section of AR5 is available from:
http://www.climatechange2013.org/images/report/WG1AR5 Chapterl3 FINAL.pdf

We do note that the science relevant to H++ scenarios is evolving quickly with new

information on ice sheets becoming available.
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1. Summary of what is provided under UKCPQ9

There were several strands to the current Marine Projections presented by Lowe et al
(2009) as part of UKCPO09:

e projections of the regional time-mean sea level

e projections of storm surge activity

e projections of significant wave height

e changes in coastal water properties

e consideration of “H++” scenarios for time-mean sea level and storm surge.

UKCPO09 was released following the publication of the IPCC AR4 and made use of
climate model simulations performed under phase 3 of Coupled Model Intercomparison
Project (CMIP3; Meehl et al, 2007). Additionally, UKCPQ09 used a perturbed physics
ensemble (PPE) based on the HadCM3 climate model (Gordon et al, 2000).

Time-mean sea level projections for UKCP09 were based on the CMIP3 multi-model
ensemble (MME), as published in the IPCC AR4. The HadCM3 PPE was used in
conjunction with a 25 km resolution regional atmospheric model to provide suitable
driving surface boundary conditions for the surge and wave projections based on 11 and
3 HadCM3 model variants, respectively. A single member of the PPE was used to

provide projections of shelf water properties around the UK (Table 1).

UKCPO09 Science Component Models Used

Time-mean sea level projections CMIP3 multi-model ensemble (11
members)
Surge projections HadCM3 PPE downscaled using a 25km

regional atmospheric model (11 members)

Wave projections HadCM3 PPE downscaled using a 25km

regional atmospheric model (3 members)

Shelf water properties projections HadCM3 PPE (1 member)

Table 1: Summary of the modelling systems and number of ensemble members used in UKCP09 Marine

Projections.
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2. Changes in the science since the UKCP09 Marine Projections

Since the publication of UKCPQ9 there have been several scientific advancements in the
field of climate science. Firstly, climate models have become more sophisticated. They
now include a wider range of Earth System processes and are better able to reproduce
observed climatic changes (Flato et al, 2013). Secondly, the climate change scenarios
used to underpin the work of the IPCC has evolved. AR4 used the Special Report on
Emissions Scenarios (SRES) but more flexible Representative Concentration Pathways
(RCPs) are used as the basis of climate change projections in AR5 . Thirdly, there have
been advances in our physical understanding of climate change and better agreement

between process-based models and available observations.

In the following sections we describe in more detail the recent scientific progress in a

range of topics relevant to the Marine Projections that will be delivered by UKCP18.

2.1 Changes in projections of time-mean sea level

Substantial advances in the science of sea level change have been made between the
publication of AR4 and ARS. In particular, there is:
e greater confidence in projections of global mean sea level (GMSL) owing to
improved understanding of the components of sea level,
e better agreement between processed-based models and observations, and
¢ ice-sheet dynamical changes have been included in process-based projections

of global and regional sea level change.

For UKCPO09, potential changes in ice sheet dynamics were only incorporated into the
“H++” scenario for time-mean sea level. This scenario provided a plausible upper bound
on potential future sea level change over the 21° Century. However, increased
understanding and confidence in future ice sheet dynamic changes means that a “likely
range” estimate for these terms was included in the AR5 estimates for global and
regional sea level projections and therefore will form the basis of the updated UKCP18
projections. Minor differences were also introduced to AR5 by both the change from
SRES (Special Report on Emissions Scenarios) to RCP (Representative Concentration
Pathways) emission scenarios, and in the baseline period used to compute the climate
change signals. AR4 used 2090-2099 minus 1980-1999 while AR5 used 2081-2100

minus 1986-2005. The inclusion of ice sheet dynamics in AR5 is the most important
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change from AR4 and leads to a substantial increase in the projected sea level rise over
the 21% Century (Figure 1).
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Figure 1: Global mean sea level projections for the SRES A1B scenario, showing the breakdown of
contributions. The difference between the first and second columns shows the difference arising from
different baseline periods for AR5 (2081-2100 and 1986-2005) and AR4 (2090-2099 and 1980-1999). The
difference between the second and third columns shows the impact of including the ice sheet rapid
dynamics terms in AR5, which was excluded from the main projections in AR4 (but the tentative estimate is
shown here for comparison) The greatest difference between the left-hand and right-hand columns is the
inclusion of the ice sheet dynamic terms. Figure provided by Jonathan Gregory.

There are regional effects that also need to be taken into account for the UK, including
changes in the local oceanography under climate change and ongoing vertical land
motion associated with the last deglaciation. In addition, the relative proximity of the UK
to Greenland reduces the additional sea level rise from changes in the mass of this ice
sheet. Preliminary work at the Met Office Hadley Centre suggests that the central
estimates of regional sea level change over the 21% Century for UKCP18 will be around
20-30% larger than the values presented in UKCPOQ9 for the highest emissions scenario.

If possible, users of UKCPQ9 time-mean sea level change information should wait for the
release of the UKCP18 information. Until this becomes available, please refer to the AR5
chapter on sea level for further information if required:
http://www.climatechange2013.org/images/report/WG1ARS5 Chapterl3 FINAL.pdf.
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2.2 Changes in storm surge activity

UKCPO09 assessed potential changes in storm surge activity using an 11-member
perturbed physics ensemble of HadCM3 (PPE) to drive a regional storm surge model.
The projections in surge activity showed very minor increases in 50 year return levels (<
0.9mm yr?) that could not be distinguished from natural climate variability in most

locations.

UKCP18 will use the same storm surge model (“CS3”) as that used in UKCP09, which
remains the current basis of the Met Office operational storm surge forecast. However,
the atmospheric driving data will come from the World Climate Research Programme’s
Coordinated Regional Climate Downscaling Experiment for the European domain (Euro-

CORDEX). Euro-CORDEX (www.euro-cordex.net) provides atmosphere-only

simulations with a horizontal resolution of approximately 10km, derived from state-of-the-
art CMIP5 global climate model data (Taylor et al, 2012).

UKCPOQ9 assessed projections of changes in European storm track characteristics from
the HadCM3 PPE and the CMIP3 multi-model ensemble (MME) using band-pass-filtered
mean sea level pressure to estimate changes in storm track position and intensity. While
this is not a robust way of assessing potential changes in storm surge activity, since
details of individual events may be crucial, it gives a useful first indication. UKCP09
found that the HadCM3 PPE spanned a narrower range of storm track changes than the
CMIP3 MME, and therefore the expectation would be for CMIP3 models to show a larger

range of projections for storm surge activity.

Figure 2 illustrates the projected changes in storm track location and intensity for the
CMIP3 and CMIP5 models based on 2-6 day band-pass-filtered mean sea level
pressure. There is no strong evidence for systematic differences between CMIP3 (used
in AR4) and CMIP5 (used in AR5) models based upon this initial analysis. While the
UKCP18 storm surge projections may show larger trends than reported in UKCPO09 the
changes in extreme water levels are most likely to be dominated by changes in time-

mean sea level (as found in UKCPQ9).

Prior to the release of updated storm surge projections from UKCP18 users can continue
to use UKCPOQ9 estimates, but note that the range of outcomes should be regarded as a

minimum range.
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Figure 2: Climate change responses of the latitude and strength of the DJF storm track at OE. Blue and red
squares represent CMIP5 (RCP8.5) and CMIP3 (SRESAlB) models respectlvely and the climate change
response is defined as the difference between late 21 century and late 20" century values. The measure of
the storm track is the 2-6 day bandpass-filtered mean sea level pressure. Figure provided by Ben Harvey.

2.3 Changes in wave activity

Probably the most significant advance in projections of global and regional wave climate
since UKCPOQ9 is the development of the Coordinated Ocean Wave Climate Project
(COWCLIP). The first results of a coordinated effort to explore global wave climate

conditions were published by Hemer et al (2013).

Changes in wave activity will not be assessed under UKCP18, which will focus instead
on projections of storm surges as this is the primary mechanism affecting UK coastal
extreme water levels. Users should continue to use UKCPO09 projections of UK wave
climate and may wish to supplement this information with the results reported under the
EU RISES-AM project (http://www.risesam.eu/) and COWCLIP

(http://www.jcomm.info/ COWCLIP). COWCLIP global wave projections for RCP4.5 and

RCP8.5 are currently available from the following webpage under a Creative Commons

data license: https://data.csiro.au/dap/landingpage?pid=csiro:13500.
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2.4 Changes in coastal water properties

As part of UKCPOQ9 a single member of the HadCM3 PPE was used to provide
projections of shelf water properties (temperature, salinity and currents). This initial
demonstration of concept has been taken forward under the DEFRA MINERVA* project
that carried out projections using the entire 11-member ensemble of the HadCM3 PPE
(Tinker et al, 2016). Figure 3 shows the comparison of the UKCP09 member (highlighted
in red, inset panels) in the context of the MINERVA ensemble, illustrating that this

member is relatively close to the ensemble mean response.

The shelf projections will not be updated for UKCP18 and we recommend that users
continue to make use of the UKCPQ9 projections and draw on the MINERVA simulations
to gain further information on the uncertainties. The MINERVA simulations are available
from the Centre for Environmental Data Analysis here:
http://catalogue.ceda.ac.uk/uuid/c92a088715184487a2eab79949dfe497
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Figure 3: Maps show the difference between the UKCPQ9 shelf projections and the 11-member MINERVA
ensemble average, expressed in terms of the ensemble standard deviation. Plots show sea surface
temperature (SST, left), and sea surface salinity (SSS, right). Inset panels show area mean values for each
ensemble member with the UKCPO09 projection highlighted in red. Figure adapted from Tinker et al (2016).

2.5 Change in “H++” scenarios
The main sea level rise and storm surge projections presented in UKCP09 did not

account for all uncertainties in potential future changes on these phenomena. For this
reason, so-called High-plus-plus (“H++") scenarios were developed for the 21° Century
for both time-mean sea level and storm surge changes. The H++ scenarios can be
thought of as a plausible high end scenario — i.e. the top end of the H++ range is

currently believed to be very unlikely, but cannot be ruled out.
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Updated H++ scenarios for time-mean sea level will be developed during the UKCP18
period in collaboration with the wider UK academic community that reflects the current
and rapidly evolving literature and scientific understanding. Users should continue to use
the UKCPQ9 H++ scenario in the meantime if needed. The IPCC AR5 “likely ranges”
include a global mean sea level rise of up to 0.98m under the most severe greenhouse
gas scenario. In addition to this, the collapse of the marine-based sectors of the
Antarctic ice sheet could bring about a further sea level rise of “several tenths of a
metre” during the 21* Century (Church et al, 2013). This should also be considered

when choosing to use the H++ scenario.
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