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Outline

Motivation: to examine effects of climate
change on coastal flooding - mean sea
level, surges, waves and wave setup

A Causes of high waves in NE Atlantic

A The Tyndall Coastal Simulator, north
Norfolk

A Future climate modelling
A Results of wave model projections

A Applications i UKCP09 marine projections
and Liverpool Bay (NERC FREE CoFEE
project)



Wave generation

A Waves are generated by wind over the sea

A Wave height (and period) increases with wind-speed, fetch and

duration

A UK coastal waves are caused by winds over the NE Atlantic

and the NW European continental shelf

Fully Developed Seas Concept Given Various Wind
Speeds and Unlimited Fetch and Duration
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Fetch is the distance
over the sea, over which
the wind has blown from
a constant direction

Duration is the time for
which the wind has
blown at steady speed
and direction

Waves represent the
Integral effect of wind
over time and space



Dynamic Fetch T a moving storm can increase the
effective fetch of revolving winds in a certain quadrant when
the storm moves in the same direction as those winds
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Storms and climate change

A There is a general view that global warming leads to an
Increase in frequency and intensity of extreme storms.

A IPCC ARA4 states that there appear to be fewer but
deeper depressions, with a tendency for poleward
movement of storm tracks, however this is on a
hemispheric scale.

A Local changes for the UK, are swamped by natural
variability, confidence in future changes in windiness in
Europe remains relatively low.

A Some model studies have suggested increased average
and/or extreme wind speeds in northern and/or central
Europe, but some studies point in the opposite direction
(e.q., Pryor et al., 2005Db).

A Results seem to depend on the model, the emissions
scenario and the period compared.



POSITIVE PHASE OF NAO AND
NAM (from IPCC ARA4)

With higher than normal
atmospheric pressure over
the central Atlantic, strong

westerly winds push
warmth and precipitation
toward northern Europe.
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NAO = North
Atlantic
Oscillation

NAM =
Northern
Annular
Mode

The NAO index is related
to the pressure
difference between
Iceland and the Azores -
Both modes are
associated with a
strengthening of the
prevailing westerly
winds



Decadal variability and the NAO

NAO (DJFM) Index 1864-2007

6
— Yearly data “
4 == 10-year running mean .
“ 8-year running mean I\ ‘«\ﬂ
0
-2
-4 | . .
NAO Index Data provided by the Climate Analysis
6 Section, NCAR, Boulder, USA, Hurrell (1995).
= \ \ \ \

1860 1880 1900 1920 1940 1960 1980 2000

The large recent +ve phase of NAO was linked with the increase of monthly
mean wave heights in NE Atlantic from 1975-1995. Wolf and Woolf (2006)
concluded this was probably due to intensification of prevailing westerlies
rat her than 1 ncreased O6stor mi ness?©o.



Background to wave simulations: providing
marine information to Tyndall Coastal Simulator

Modelling evolution of
coastline requires
predictions of marine
climate

Sea-level rise

Storm surges
Process based

model for coastline ‘ 2 ) . Offi shore Waves
requires: ; S

Inshore waves
Tidal flows

Morphodynamics

Elxation (netres)
0 (e¢ level)
5] 7.



Marine modelling framework
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Global GHG emissions (Gt CO5-eq/ yr)

Future GHG emissions

A Future GHG emissions scenarios based on e.g. future population, socio-
economic development, technological advancement

A Future changes in GHG emissions drive changes in climate via enhanced

greenhouse effect

Scenarios for GHG emissions from 2000 to 2100 in the

absence of additional climate policies
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Table 1: Emissions scenarios (from IPCC AR4)

Emissions | Global CO,. SLR (m)
Temp equivalent *
increase GHG conc.
(©) (Ppm by
(1980-99to | volume) by
2090-99)# 2100
A1F1 | High 4.0(2.417 1550 0.267
6.4) 0.59
A2 Medium 3.4(2.07 1250 0.237
High 5.4) 0.51
AlB Medium 2.8 (1L.717 880 0.217
4.4) 0.48
B2 Medium 2.4 (1.417 800 0.207
Low 3.8) 0.43
AL1T 2.4 (1.47 700 0.207
3.8) 0.45
Bl Low 1.8 (117 600 0.187
2.9) 0.38

#best estimate (likely range)
* excluding future rapid dynamical changes in ice flow




Examining uncertainty (1)

(1) Emissions uncertainty:

I 2 GHG scenarios i A2 and B2 (representing
medium high and medium low climate
response)

I Integrate climate models for 2 time periods
A1960-1990 baseline GHG forcing
A2070-2100 with A2 and B2 GHG forcing

I Difference in results for A2 and B2 gives
crude estimate of emissions uncertainty
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Changes in NEA wave climate: waveheight

Ditference in mean winter SWH between 2070-2100 (B2) and 1960-1990
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Ditference in mean winter SWH between 2070-2100 (A2) and 1960-1930
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Examining uncertainty (2)

(2) Model uncertainty

and climate variability: ..

I GHG scenario = A1B

(1.7 to 4.4 degree rise In °

temperature by 2100)

I Integrate for 1960-2100
period

I Ensemble approach
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Wave model framework
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b) corrlput:ational mesh, 5506 elements

a) CS3 model grid, POL

Continental Shelf Model (CS3-30HC2)

Coastal wave transformation
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Validation using ERA-40 reanalysis waves
Percentage difference in mean winter wave height
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Differences in winter mean North Atlantic
wave height

WINTER Difference in mean winter (DJF) SWH between 1990s and 2080s
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Latitude

Changes in wave-heights from
PPE
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Projected 21st century change from GCMs in
latitudinal track and intensity of winter storms at
4°W: PPE vs MME
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Changes in extreme wave-heights

Difference in mean of annual max of SWH between 2070-2100 and 1960-1990
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Insignificant changes based
on 30-year variabilty
Changes in mean annual (left) and winter (right) maxima of SWH from 1960-
1990 to 2070-2100

Natural Variability important
Need to look at 1960-2100 period



