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200-year anniversary of severe Dublin flooding

Although the newspaper account of widespread flooding in Dublin
shown on the right could refer to the recent past in Dublin, it is
actually a 200-year old report taken from Walker's Hibernian Magazine
of December 1802. The ‘*heavy and unremitting rain’ referred to was
a fall of 75mm in a 30-hour period over the 2nd and 3rd of that
month, which led to what EE. Dixon described in his 1953 article
Weather in Old Dublin as ‘the most serious of all Dublin floods’.
amount represents what would normally be expected to fall in the
entire month of December in Dublin. Most of what was then the
central area of the city was cover by floodwater, with 3 metres of
water reported in the lower Castle Yard and Patrick Street, where
‘boats were plying to save the lives of poor people’.

M The laad quarier of 1054 was axceptionally wet, with more than
0% of normad rainladl for the 3.month perod reconded in pars of
5o easl and rorBoas! (300 mMap DOl ). Late Novernber and
early December Drought a spell of parioularly wet and windy
waather, Shere wers a number of ships sunk o run aground of the
Irnh coanst N what were deacribed In newspaper reports as
“OUNBEnouS Seas”
Floodng wis already wioespread in many pans of the country
betore & Band of heavy N Moved easiwards late on
Gh, cleaning for 3 while on I T Sefore ancther Sand of
petsatont and Dodvy tn betame estabinhed in Ml eas On Pe
Bh Ram was particuarty haavy Ower eastern countes. with more
o EOms fallng in the 3-day period Setween he B0 and 8
(200 soap Sendre jeft). Dublin Akpornt recorded a dally total of 40mm
on e B3 & value Tat has Not SNce boen ascesded of Mhe station
during December
Emymmﬂm P swoben fver Toka undermines he

. of he taduay bricge scross Pe river M Farview
(Delow). The collapead tridge Ten formad 3 Sarmer 2008 the
fivet, Cluming wiler 10 fow oUt Scrces & very wide e
appravmately 1 500 houses accommadating 2. 000 tamies were
Moctod by T flood walers and seversl hundred people woers
foroed 1o ovacusie el homes. Thers was extesaive Sooding
clsewhore r0oss e Oy, patiosany n he Kimainham area
song B river Camac. whie fe Shanaon reached s Righos! leved
since 19325 and manry Housands of acres of fassiand were
unduted There were alss reports of widesprend power oulsges
on the Bth. wilh Larihar deruption caused By heavy falls of srow n
parts of the muiands and NorPmesl. Goies s Bey

Widespread floods of December 1954

" STORM AND IBUVDATIO‘I

Der. 4] The tempeftuovs wearher experienced
from Wedneldny night till late on Therldsy, 0.
griner with the henvy ad unremitiing rain ¢ue
riog that periad, have prodeced variows difsfrous
ocrurrences near the metropolis, and o the inte.
ror of the coantry. Some mills and other works
» few miles from toe eapiral, drusted within the
rangs of 1he Hood, have brea materally injured,
#and in forme infrances altogather cettroyed —We
are toacerned 1o fiste, amoag the damage of s
kind effeéted in the aeighbourhead of the capinal,
that the becks, weirs, & o Old Bown ree.
mille, are entirely fwept sway,—eNearly an scre
and en half of Mr. Wildeddge's mesdow, ofji.
cent ta the milly, has been fevered from the e}
by the vielesce of the flood, and carried ¢. %= |
pietely off ! ‘

Tiee Belfs mail-casch war yellerday morning,
in coming te town, obliged to Rop from five
e'¢loci until nine, npon the road becween Turvey |

This

Storw of 11/13sh Jeouary 1974 : Suopary of cewrpeRel IeRATLY

Eezex! Two mile line of trees In Muckross Natlonsl Park flattened.

A Spanish trewler went ashore st Valentia and another trawler sank st Fealt.
The rallwey line near Meadford collapsed in a Jands|ide.
wreckage of caravans.

Cazk:

Premises of Willlas Trassport Group at Cozk Alrport desolished and Joyce

¥idespread

High tides and severe flooding in clty area in advance of storm.
Aviation hangar with several light aircraft demsged, fioof blown off
grainstore st Midleton. Roof of an incompleted factory at Charleville

Fermoy

reported many trees down in the toen and plate glass wicdows byoken.

blown scross & fleld sooe of 1t landing on top of a 30 ft. tree.
Caravan bBlomn over & 5 ft. well ot Dlackrock. MHollday carsvans srecked in

oany pleces. Bandan snd Kinsale areas reported extensive dasage to

Gwellings and outhouses.
Ardceena.

Much glass breakage a2t nurseries at Upton and

Lightning killed several cattle nesr Nohoval.
1home  Weaher

Banh Rager

of lreland suffeced its wors ralndall rebased tlooding (n over a decade

woeth of rain & ess than 24 bours - wamiplog deslnage systenns

P eIl

LATEST | Storm Babet: Millions of curo in
damage as army deployed to parts of Cork
and new rain warning issued for Dublin

000

MiBons of cure worth of dumage has been left in the wake of Storm Babest as pans
Cork was weest it by the torerntial downpourns which dutiped over 2 suonib's

Pars of the south received over 100m of ralndall in less than 46 bours - wish Belde

The heavy ranfad caned looding
many parts of Dubin and the east
Codst, Noodng roads and Causng
lengthy traftc delays. Severad fights
were detaped or canceled at Dubin
Alrport

Mary homes and businesses were
under mater by Monday evening
Dubin Oty Councd activated 3 mao
emerpency olan 10 deal with the
foods. Tragialy two deaths were
Attrduted to this raintall event, wies
damage 10 Oublin homes, Dusinesse
and nfrastructyre estimated to be
worth milom of furo

Putting these events in hatoncs contest

*  Dver 1B0Omm was recorded on 11™ June 1961 during 3 viclent thunderstorm in thy
Mount Mermion area of Sowth Dubin

o 11" June 1993, exactly 30 years later, saw amounts of ran of aecend 100mm over
hours i the Dublin area

297 Jure 2005 saw A5Smm ol In the Phoerds Park in less than an hour

o 9™ August 2008 saw heavy ranlall, particutany atecting the North Kidare and
Dubbn ares with amounts in exceis of TOmm mestured in the Colbridge, Lucan,
Leixdp area

o Hurricane Ohartey on the 25" August 1986, slmost S0mm was recondied in 24 hou
a Casement Aerodrome

Gridded Ranfall 2023
Sundlay 1 January 1o Suncay 31 December 2023 inclusive
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Climate change made the extreme

O) Extremes analysis applications = ©@= sime

flooding in Midleton, Ireland more likely
and more intense
.. Met

SICEEDN Buildin g standards ISOTHERMAL MAPS OF MAXIMUM AND MINIMUM 2-day Precipitation Anomaly

3-month Precipitation Anomaly

SHADE AIR TEMPERATURES IN IRELAND Cork Oct 17th & 18th, 2023 Cork Jul. - Sept., 2023
ESTIMATION OF POINT RAINFALL FREQUENCIES NA EN 1991-1-5:2003
IN IRELAND o ;
: : 555 o
vy aptle % o w6 60 C'&/f \\/S‘\ " ‘; v ountcotton
SRR, ’ e =7 AN Roches point Roches point
S % gx \'_ ~ i ‘i' Precipitation anomaly (mm) - Precipitation anomaly (mm) - -
/’ ", 5 i—/_w 50 0 50 200 0 200
o 4 7 AL~
2«: ’ /‘L — pec Sl 3 // 12 -/’,- annual precipitation EOBS Cork 2day Oct 1920:2023 (95% CI) ®) aneusal precipitation EQBS Cork Zday Oct 1920:2023 (95% I
| bt Loar” = "o
Py o g W "
- En -
SNOW LOADINGS AT 100M ABOVE MEAN SEA H “ o
LEVEL IN IRELAND » Sol L e § =
— 4.2 3 = Tap RO I
I.S. EN 1991-1-3:2003 - b o |
Global mean surface temperature (smoothed) retum peried [yr]

6 WAS o Uriversity Increasing global temperatures e
I US o eana oo transformed an otherwise B ., P
average |I‘IS.|"I summer into a — —
o § record breaking warm summer L ;- ///
‘ / Met ‘
. X Ny Ey
, _ Human-caused climate change =« = 15 / WP
Marine Institute . . - L NE mvr| 71 -
Feras na Mars increases potential for flooding in = = -
south-eastern counties of Ireland -~ / o P2 / ]
as rainfall intensifies = .
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am - Extreme Value Theory

* Example: Sampling from a distribution — uniform (0,1)

* Mean of a Sample
 Central Limit Theorem
* Distribution of sample means approaches normal distribution

TN

o
- - - - — —
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i Extreme Value Theory

 Example: Sampling from a distribution — uniform (0,1)
* Maximum of a sample
* Distribution of sample means approaches Extreme Value Distribution

e Uniform Distribution => reversed Weibull Distribution

* Upper bound, distribution tail towards —oo

T T T T
o.20 0.92 0.9 0.9
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am - Extreme Value Theory

* Generalised Extreme Value distribution - pdf

) _% £ = shape
X — U —(1+—) X — U o = scale
f(xliﬂ;#) =1+ E( pu )) § exp( — 1+E( pu ) ) u = location
shape -0.8
Parent distribution = Shape EVD Type Bound S
Uniform <0 reversed Weibull Typelll upper S
Weibull (wind) 0 Gumbel Typel none =

03

Gamma (rainfall) >0 Fréchet Typell lower

0.2

0.0
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Eireann

Extreme Value Theory

e Cumulative Distribution Function - calculation of exceedances

—% ¢ = shape
X —H _
F(x|§,0,1) :exp(—(l +E(—)) ) o = scale
o u = location
Gumbel (shape =0.2)

0.9k = Probability of non-exceedance = F(r,) =0.9

s 1F(r,)

© | Probability of exceedance =1 - F(r,) = 0.1
P(x) © CDF

S - Returnyears=1/(1-F(r,)) = 10 years

s pdf

@ [

Rainfall (mm)~r,



#5 Example — Dublin Airport 24 hour rainfall

* Raw daily rainfall data over 68 years
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iIrport 24 hour rainfall

A

1N
* Annual maxima (block maxima - GEV distribution)
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Eireann

Annual Maxima dataset

* Dublin Airport

* 68 years of rainfall data (1958 — 2025)
* 24 hour duration rainfallamounts
* Analyse the annual maxima

24 hour rainfall

year month day o,
1958 6 25 45.8
1959 11 13 35.2
1960 10 2 50.6
1961 9 28 35.9
1962 9 26 33.7

1963 8 16 55.8

1964 8 16 28.3

1965 11 16 46.0
2025 7 21 47.6
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Eireann Data O rd e ri ng

e Ordered annual maxima

&~

—

24 hour rainfall 24 hour rainfall
year month day ear month da rank
(mm) y Y (mm)
1958 6 25 45.8 1993 6 11 92.6 1
1959 11 13 35.2 2014 8 5 85.3 5
1960 10 2 50.6 2011 10 24 77.4 3
1961 9 28 35.9 2008 8 9 76.2 4
1962 9 26 33.7 2002 11 14 75.4 5
1963 8 16 95.8 1986 8 25 72.4 6
1964 8 16 28.3 2000 11 5 66 7
1965 11 16 46.0 1963 8 16 55.8 8
2025 7 21 47.6 2010 9 6 21.1 68
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451 Plotting

e Plot extreme values versus exceedance rate

24 hour rainfall
year month day rank
(mm)
1993 6 1 92.6 1 |Rainfall 2 92.6mm once in 68 years
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8 100
80
2010 9 6 21.1 68

60

40

rainfall (mm)

20

0 10 20 30 40
return year
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Eireann

Plotting

e Plot extreme values versus exceedance rate

24 hour rainfall
year month day rank
(mm)
1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8
2010 9 6 21.1 68

Rainfall 2 85.3mm twice in 68 years -> return year 68 / 2 = 34 years

m)

rainfall (m

100

80

60

40

20

10

20

30

40
return year

50

60

70

80
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451 Plotting

e Plot extreme values versus exceedance rate

24 hour rainfall
year month day rank
(mm)

1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4 .
2002 11 14 75.4 5 . . :

Rainfall 2 y mm, ‘rank’ times in 68 years -> return year 68 / rank = x years
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8 100 °

| ®

= IO A
2010 9 6 21.1 68

£ o0 o®

E 40

o

= 20

0
0 10 20 30 40 50 60 70 80

return year



2

i Fitting model to observation data

* Exceedances can be fitted using a GEV CDF

24 hour rainfall
year month day rank
(mm)
1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3 _
2008 8 9 76.2 4
2002 11 14 75.4 5 . . .
- > ¢ ’ -> =
1986 g o 94 6 Rainfall 2 y mm, ‘rank’ times in 68 years -> return year 68 / rank = x years
2000 11 5 66 7
1963 8 16 55.8 8 100 . GEV CDF o
= e® O o
2010 9 6 21.1 68 | E & o
g r/
1]
=20
0
0 10 20 30 40 50 60 70 80

return year
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i Determine the return period

* Example: designing fora 1 in 100 year event

100 |4

e © e ©_
60 o

40

rainfall (mm)

20

1 10 100
return year

* use R - extRemes package

gev_dublin_airport «<- fevd(dub_airportiannual_maxima, twvpe = "GEV", location Named num 35.8
na.action = na.exclude) scale Named num 9.22
shape Mamed num 0.154

95% lower CI Estimate 95% upper CI 5
10-year return level 52.63323 60.53255 68.43186 Fréchetdistribution

30-vear return Tevel 63.90395 Fi 106.13545
100-vear return level 66.93663) 97.39287 127.84911
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i Extreme analysis rules-of-thumb

* 1in 10 year event expected on average 6.8 times in 68 years, a 1in 100 year
event may not happen at all (or could happen once maybe)

* 1in 10 year event (10 year return period) = 60.5 mm
* Thisis exceeded 7 times in the 68 years ~ ok
* 1in 100 year event (100 year return period) =97.4 mm

* No 100 year return period events ~ ok (max observed = 92.6 mm)

* The maximum extreme at a station has by definition only happened once in the
station record: this rainfall amount has a return period ~ equal to the station
record in years

* 68 year station record, max at station has 77 year return period ~ ok

"F7-year return level: 92.578"



Extreme Value Analysis methods

* GEV using block maxima — maximum annual values
* Generalised Pareto Distribution (GPD) using maxima above a threshold (0)

_% ¢ = shape
x —0 — I
F(x > 0|¢,0,0) =exp(—| 1 (—) g =scake
(x > 50, ) p( +8 o ) 0 = threshold
® 100-year RP shape
[ GEV  97.4mm 0.154 p=35.8mm
GPD 97.1mm 0.118 6=35mm

B
E
=
£
s

* Depth Duration Frequency model (DDF) ~(log-logistic distribution)
R(T, D) =24hr_max_median x DS¢%'¢ x (T — 1)shape



. Met

Eireann

Frequency

2

Why use extreme value analysis?

* Distribution of bulk poorly models extreme values

e Rainfall Gamma distribution

Dublin Airport
68 years of rainfall data

1000 2000 3000 4000

%’

| | | | |
0 20 40 60 80

Rainfall (mm)

Gamma CDF

0.z

0g 08 1.0

0.4

0.0

—X
x¥1eC8) @ >0 shape
['(a) 6 6 >0 scale

fx16,a) =

50mm -> 96 year return period

GEV
50mm ~ ranked 10t
4.5 year return period

i
I
|
|
|
I
|
|
I

|
20

| | |
40 60 80

Rainfall (mm)



Extremes in a changing Climate

* Changing temperature in observational record
* Clausius-Clapeyron +1°C = 7% (obs data +1°C = 7%...)
* Observation based distribution is non-stationary

gev_dub_temp =- fevd({dub_airportiannual_max, type = "GEV",

Tocation.fun = ~ dub_sirportitemp,
scale.fun = ~ dub_airportitemp)

Irelands Mean Air Temperature 1961-2024

o\

Tmean (°C)

2020

Irelands Annual Rainfall 1961-2024

Rainfall (mm

=
o
o
o

/\WAA

2020



The world at The world at The world at
Relative to e & s
a 1976-2005 m
baseline Average Maximum Summer Temperature Change
e
0.4 0.8 1.2 1.6 2.0 2.4 28 ¢

/ | (®
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L}
Mational F k @ b s rotcote Corcogh, (e
ationa rumewn;s (ICHEC W Bl s

for Climate Servic

Irelands future Climate — TRANSLATE projections

* Single, reliable source for future climate information for Ireland
* Bias corrected, downscaled (1km x 1km) gridded projections
 Temperature, Rainfall, (Solar, RH, mean wind...)
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* RCP - Representative Concentration Pathway

i Temperature Projections - TRANSLATE

* 2.5 low, 4.5 medium and 8.5 high emission projections

Dublin Airport RCP 2041-2070

2.5 +1.17 degC
4.5 +1.37 degC
8.5 +1.8 degC

5

Natl onal Framewerk
for Climate Services

B ucc

hoae a3 1OMGote Crocop §

(ICHEC

MaREl

Average Annual Mean Temperature (°C, change from 1976-2005)
for RCP4.5/'Mid action’ in the time period 2041-2070.
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@ Extremes with Projections

* Determine relationship between extreme rainfall and temperature («)
* Smoothed temperature (remove effects of NAO, ENSO etc)

o | 4]
[#} ]
£ o | o
£ = X
© - o
E o @ qug o
o o o & LI o
— 'y o o o o _\_‘G a . 8
§8 og0 ° °
— d,_gg ur.,;%q'é:‘\\.-{}
o _| o o ﬂf?'xﬂgga-&vggég‘)é@ ¢ o ©
“ | | I | | |
2.0 1.5 1.0 0.5 0.0 0.5 1.0

Temperature anomaly (1976-2005)



Extremes with Projections

* Adjust GEV CDF location and scale with temperature (shape fixed)

aT’ aT’
U= Hoexp(ﬂo) 0 = o'oexp(ﬂo)

* Recalculate projected CDF

GEV baseline and projection - RCP4.5 2041-2070 (+1.37C) GEV baseline and projection - RCP8.5 2041-2070 (+1.8C)

| Black current climate, red projection | Black current climate, red projection

100 120

100 120

rainfall (mm)
80

rainfall (mm)
80
60

60

40

2 3 10 20 50 100 2 <) 10 20 50 100
return period return period



Summary

* Analysis of weather data to determine probability of extreme events
 Extreme Value Theory

 Cumulative Distribution Function (CDF)
* Return period = one in x-year event =1/ probability

* Observational data —independent events
« Sampling - annual maxima (block maxima), thresholded extremes

* Single parameters - rainfall, temperature, event days
* Compound extremes - extreme dryness and temperature...
* Climate models — how extremes change as climate changes







DDF log-logistic model

R(T, D) = 24hr_median x D¢*/'mD) x (T — 1)a+bInD)

e Scale e + f In(D), rainfall as a function of duration
e Shape a + b In(D), rainfall as a function of return period

scale_e

0.38
0.34
0.30
0.26
0.22
0.18
0.14

[eales]
OO NONOON

WE LA~
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