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The Socletal Challeng@Building Resilience to Flooding

If you are in insurance , you are affected.
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Globally: LIBYA FLOODI
(i 1.8bn people (4n-4) exposed Death toll could

reach thousands

In Ireland:
U 750,000 people
u 300+ communities

Perfect stormd imperfect flood defences .,
troublec

Climate adaptation + impact mitigation

Hard & soft engineering+
early warning
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The Irish Meteorological Service Forecasts Latest Reports Climate Education Science Podcasts About Q

wamings 4\ Weather 4\ Marine

Status red - Status Red - Wind warning for Carlow, Kilkenny, Wexford, Close X
Cork, Kerry, Limerick, Waterford :

Met Eireann Weather Waming

Red Storm Eowyn: Gale to storm force southerly winds becoming westerly with
extreme, damaging and destructive gusts in excess of 130km/h

Mace Head Atmospheric Research Station

A highest wind gust 184 km/h
A highest 10 -minute wind speed 142 km/h

» Many fallen trees
- Significant and widespread power outages

More severe storms =? more severe floods
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Motivation

D Modulator

- Driver

Hazard

B mpact
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Floods are tricky to forecast!

Compound events are combinations of drivers and/or

hazards that contribute to societal or environmental risk and

Impact

-----------------------------------------

: Storms
: | (Rainfall, wind, low-
: pressure)

Climate change
(Sea level rise, storm intensity, rainfall, evaporation)

CF probability (1980—-2014)
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Bevacqua et al. 2019

Bevacqua et al. 2022




Coastal-fluvial flooding

UNIVERSITY OF GALWAY

Compound events are combinations of drivers and/or

- - hazards that contribute to societal or environmental risk and
Motivation mpact

Coastal driver
Fluvial driver

University
ofGalway.ie
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ow do we determine coastal flood risks?

UNIVERSITY OF GALWAY

lriSh lndependent'@ News Opinion Business Sport Life Style Entertair

Motivation

NEWS » Politics Regional Ireland MiddleEast Climate Nuacht World RTE Investigates Progra ‘It’s hard to imagine hOW narl"Ole we

. ; . avoided it’ - how luck of timing saved cities
Ireland 'lucky' to escape devastating floods afil ot pinedbisitophchcfe M

during Eowyn Storm Eowyn

Updated / Tuesday, 22 Apr 2025 19:56 o ® @

THE IRISH TIMES

ADVERTISEMENT

Le haghaidh tuilleadh
eolais agus le clara

Ireland

Thousands living in coastal areas ‘narrowly’ avoided devastating
flooding during Storm Eowyn, research finds

Low tides meant many areas avoided flooding and inundation during Storm

3 Expand

LATEST STORIES >

STRTUS RED ”QRNI < oy Motoreyclist involved in collision with Garda Kevin
SEVERE WIND j x Flatley dies in hospital
24 JﬁN 06'00 : How a man described as ‘dumber than a sack of bricks’
v 15 A ’ " came to dominate global trade policy
ai/d

Storm Eowyn brought huge waves when it hit here in January. Photo: Getty

Israeli attack near Gaza aid point Kills at least 30 in
Rafah

Two shot dead at Irish bar in Costa del Sol

Champions League final: Two dead and more than 500
arrested during PSG celebrations

e

ADVERTSEMENT _ During the storm in January, record-breaking wind gusts of 184km/h were recorded, causing an estimated €200m
. in damage
The country was "incredibly lucky" to avoid devastating flooding Caroline O'Doherty 0 . o
.. ’ .. I — . y Tue 22 Apr 2025 at 02:20
Tens of thousands of people and properties narrowly escaped disaster by luck of
i i timing when Storm Eowyn hit the country.
U n Ive rs Ity Had it happened a week earlier, tidal conditions combined with Eowyn's hurricane-
OfG aIW ay I e force winds would have created storm surges more than five metres high in densely
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Motivation

A.l Olbert, M. Hartnett / Ocean Modelling 34 (2010) 50-62

a s9 b 59
Coastal floods (storm surge)
57 1 57
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Storm surge 2N Q) o of
pil [ Eq [0
3 49 49
) 12 10 8 B 4 12 10 8 B 4
Water is forced ashore Degree West Degree West

. - Fig. 5. Ratio of (a) Sp/S and (b) Sw/S. See text for definition of variables.
University | £
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AL Qberz. M. Hormert /Ocean ModeMing 34 (2000) 50-62
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Storm Eowyn: What Can be Learned from Irish Tidal Gauges?

Storm Eowyn was not planned. Neither does this study. It just happened. Work in progress.

Tidal modelling in regional configuration: Tidal forcing
(sea level and velocity components) is applied along the open bound-
ary on the west, as off-shore as possible in deep area (hence the
motivation for the shape of the grid). Focus of interest is inner Bay.
The source of forcing data is from the parent model, and eventually
from TPXO. There are no measurements offshore to compare model
with data. All tidal gauges are near the coast.

left: Galway Bay model grid: 1117 x322 points
below: close up on inner portion the Bay.
This part contains > 50% of all grid points.

University

ofGalway.ie Warine [nstitute
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Storm Eowyn, January 2025

2025
1724
3:00

et

UnIVGFSIty_ Upper row — three consecutive snapshots, one hour difference, approximately 24 hours before storm Eowyn, where
0fGa|Way_|e the wind conditions were relatively calm. Bottom — three consecutive snapshots most affected by the storm. Note
that 2025-1/23 3:00 (upper-right) is nearly exactly two M2 cycles ahead of 2025-1/24 4:00 (bottom-middle).
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Storm Eowyn, January 2025

_ i ] _ + 3 semidiurnal diurnal highfre biweekly seasonal
Real-world data tidal time series analysis & 1 y
Amp[m] M2
1.
+2
S2
N2
1074 +1
01
» ’*N?Ea
= B T2
gé = Q1 3MS8 O
. 9
10™ b S1 7 3MN8;TST23
= AlliR2
2QHfo1i 11 Ogt’ pse & d 4 |‘ || ‘
—_— | | i I | I | [ |
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1074
28d 14d 28h 24h 13.5 12h 8h 6h 3h  25h 2h -3 ' ' ' ' ' ' ' '

I I
2024—-03—-14 04-20 05-26 07-01 08-06 09-11 10-17 11-22 12—-28 2025-0:

Tidal spectrum computed from Galway Port tidal gauge data. The data was collected from February 2007 to May . ) _ ) )
2025 (present time) as 6-minute, later 5-minute time series are available for approximately 95% of time for the Decomposition of regular tidal signal into spectral bands (plotted in the same scale), based on the spectrum

entire period, ~ 1.96 x 10T samples overall. All were used to compute this spectrum. This spectrum consists of above. Exactly one year is shown.
46 main (astronomical, incl. 18.6-year MN) constituents, 101 shallow-water, and 123 satellites (hence 270 total).

University
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Storm Eowyn, January 2025

+3 regular tide residual

neyannnney
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+1
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University N | | _ | )
fGaIwa ie Decomposition of the observed signal into regular tidal cycle (blue) and residual (orange). Storm Eowyn appears
O y on this plot as the 2.6 meter spike in residual on 24 January 24 2025 (close to the right end of the plot).
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Storm Eowyn, January 2025
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Frequency of surge peak occurrence at ten tidal phases

Nb of occurence

at Inishmore
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Nb of occurence

Frequency of surge peak occurrence at ten tidal phases

at GalwayPort

State of tide : 0 Low tide; 1-4 Flood tide; 5 Hight tide; 6-9 ebb tide
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How do we determine coastal risks?

Worst-case scenario
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) oo g How we determine coastal flood risks?
Compound floods are complex so they
need complex analysis

namics

" Flood mechanisms +
iInundation

Machine
learning

University
ofGalway.ie

Damage assessment Flood forecasting
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Flood risk
assessment
and _,
hazard mapping — i | namics

YRRy | Nundaion e e

IVIVAGST I I — c.' J b
learning

Impact

Climate adaptation:
Grey Infrastructure,
Early warning

University Damage assessment Flood forecasting
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_ _ 1. Data Collection X
1 " StatIStlcaI H 2. Extreme value analysis g =
mOdEI LP{ 3. Multivariate dependence analysis é ’ :

LDH. Joint probability of extremes o i RPN

Zz 210 50 200 1000

Flood risk assessment:

%: Trivariate joint probability
A Dependencies
- N J | A 5.50
A Interactions v e oo S — %
Return period, years ‘é:' / ?:I 5.30
- T 5 KT
A Marginal RPs )
. agn . @ ; s 4 5 510
A Joint Probabilities  :: /

. : £ E 1 100 1000 0o 300 500 700
Un|VerS|ty gﬂ = Return period River flow, m3/s
ofGalway.ie e

i 0.1 1 10 100 1000

Return period, years
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1. Statistical
model
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How do we determine coastal risks?

1. Data Collection COaStal Fluvial
H 2. Extreme value analysis | drivers driver
Tides Surges River discharges

2 510 50 200 1000
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1. Statistical
model

Univariate marginal analysis

1. Data Collection

1. Data Collection

H 2. Extreme vale analysis

H 2. Extreme vale analysis S0RP tide +200RP surge MF
. . 300m3/s . Vi
Fluvial flooding
River discharge Coastal flooding
@ 8 -
E T Tide Surge
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1. StatlStlcaI 1. Data Collection

m Od el LD{ 2. Extreme value analysis £
H 3. Multivariate dependence analysis | £ ¢ £
LP{ 4. Joint probability of extremes 025 g
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1 Statlstlcal 1. Data Collection g
2. Extreme value analysis E ‘ ]

model -

LP{ 3. Multivariate dependence analysis | ¢ _

Fl()()d risk assessment: H 4. Joint probability of extremes s 0 50 %00 1000

Return period, years

Trivariate joint probability

A Dependencies
A Interactions

A Marginal RPs " e ™ /
A Joint Probabilities | =
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2.Hydrodynamic
Model

Flood risk assessment:

A Dependencies
A Interactions
A Marginal RPs

A Joint Probabilities

5.30
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Sea water level, m “°

4.90 -+
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wsaman:— HOW 0O WE determine coastal flood risks?

Need to consider a range of scenarios
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| MPIOMA POMA MNS_Flood
2.Hydrodynamic
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_ The Claddagh
2.Hydrodynamic Model vs

bathtub models

(a) (b) (c)
Flood Attenuation Tidal Amplification B Flood Defenses
' [\ e
__j’_ __)’r — Flood Helghs
e (0 O U SUTACS

CEeRaEeel  Galway City

Lagand Bathbub Height Errar

(d) (&) (f)
Groundwater Shoaling | Groundwater Surfacing | Groundwater Pumping

T j‘l—v/‘—/ 1
1‘-:.l:.r..-:lur|-|:|n'=|I:-|!|r

Figure |. Examples of the limitatons an=ing from bathiub modeling include the inabality to captuse: (2] flood atenuzbon

from the effects of event dynamics and fraction on flond spreadimg, (b Gdal amplification associsied with the =somne of O ran m O re
ocezn fidex within coastsl embayments (e_g., Gallienet al., 2011), (c) flond dede nxex woch ax levee s and flood walls thai may

overbop during anextreme event but still restrain the depree of inland flonding (eg_, Sanders et 21, X075}, (d) shoaling of the

groundwaieT table and e ) surfacing proundwater friom the combaned nfluence of n=zing s=a levels and changmg hy dmologic

bodpetx (Befos et al, X230}, and (f) pumping of gromndw et within lands belw =a level o mitigae imundation by rising

S Sanders et al. (2024)
e



