Overview - Precip, Cloud, Temperature & Pressure Aun: Wed 6 Dec 002
GFS 0.25% Wabid: Sat 9 Dec 1800 UTC

SEARCH: Sensitivity of estuaries to climate hazards

Peter Robins, Charlotte Lyddon, Tom Coulthard, Andrew Barkwith,
Matt Lewis, Greg Vasilopoulos, Chien Nguyen,
Anklta Bhattacharya Jonathan T Tinker, Rachel Perks, Gemma Coxon

4

Enore [omiha]
2 e 1 @ 3 5% W o &0 By 12D oF a6 1 3 3 5 )

\"\

PRIFYSGOL oo British & Sl A ‘ Cyfoeth Naturiol Cyuyrgg
B ANGOR @ Geological [UNIVERSITY Natural Resources Wal
@ Survey OF HULL Environment

VW Agency \

SE PA'
";é" T YaYaT cLimare & Natural S tecton Agenes
. RESILIENCE | Environment
s/ LIVERPOOL et Met Office Research Council

UNIVERSITY




Flooding globally:

3 million deaths, >S1 trillion in economic losses.

UK:

Drivers and pathways of flooding poorly understood.
Historic flooding is undocumented.

Impacts:  1-in-6 properties (3 million) at risk.
Annual damages >£540M.

Human health and food security risks,
mental health impacts poorly understood.

Future risk:

Drivers: SLR, sea surface variability, river flows,
rainfall, groundwater

Pathways: land use, water management, defenses,
morphology

Impacts:  resilience, perceptions, mitigation

- S
1 ~y

W Conwy estuary, Storm Ciara




Storm Ciara: Conwy estuary, February 2020 ...the perfect storm?

“Two or more (extreme) events occurring
- simultaneously that lead to extreme impacts” TN

[ IRiver discharge

—Total water level |

— — —Astronomical tide
X Skew surge

Sea level (m)

 Compound flooding in UK:
South UK coasts (2013/14)
Cumbria (2015)
Conwy (2020)

[Svensson & Jones 2002, 2004, 2006; Hendry et al. 2018]



Storm Ciara

Harmonie/IRL25
10m Mean Wind km/h Warning Colours, MAX values In black I/ 5"
Validity: Sat 08-Feb-2020 08Z (t+20)
Run: (07.02.2020 12:00)
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How likely and how common is compound flooding across Britain?

River gauges > 50 m°/s
& full 30 year record
% NTSLF Tide gauges
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15-minriver discharge data (126 gauges)
Qo > 50 M3/s
1984 —2013 (30 yrs)

15-min sea level data (27 tide gauges)
1984 —-2013 (30 yrs)

[ ~T ATy

- shew Sociige
E‘ i ;f'%ng" / ) e
G L Tide including Pt 4 S,
& 0 gurge P Y
& VN 7;' o
= - Astronomical tid LA ,.‘:

I — S— SR ¢ ,.;.

0 5 10 15




How likely and how common is compound flooding across Britain?
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The short windows (<24 hrs) at most sites indicated that for most catchments in Britain sub-daily data is
needed to robustly assess the propensity for compound events.
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How likely and how common is compound flooding across Britain?

Method: River (Q) peaks over threshold + largest skew surge (S)
Kendall’s rank correlation; events per season where Q and S > 95 percentile
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How likely and how common is compound flooding across Britain?
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Lyddon et al. 2022. Historic spatial patterns of compound flood
events in UK estuaries. Reviewed in Estuaries & Coasts

Most vulnerable (corr, no, overlap):
10

Annual mean compound events

2 57005 5001

Annual mean compound events

Also: Harrison etal 2021; Robins etal 2021




Total water level (m)

Can we establish the drivers of flooding and flood

thresholds?
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SAR-derived flooding Model prediction
06/12/2015 2 flooded reglon ® flooded region
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Can we establish the drivers of flooding and flood
thresholds?
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Can we establish the drivers of flooding and flood
thresholds?

Total water level (m) [tide + max. surge] Flooded area (km?)

1

10

©

@

Total water level (m) [tide + min. surge]

3.5 -1
100 200 300 400 500 600 760 800 900 1000 ks
3
River discharge (m3/s)

1y |
100 200 300 400 500 600 700 800 900 1000

: Tide —river lag?.....
River discharge (m3/s) Surge shape?....

Clustered events?....



River discharge (mals)
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Is compound flooding likely to change?

12 of the 60 km HadGEM3-GC3.0 GCM PPE for RCP8.5 were
downscaled to a 2.2 km local Convection Permitting Model.

Rainfall data were used to force a distributed hydrological model
(DECIPHeR) of the Dyfi Estuary, (Coxon et al. 2019).

10,000 calibration runs forced with observed rain and evap. to
simulate hourly discharge. 100 best parameter sets were used with
UKCP18 data to simulate baseline, near and far future discharge.

I
— Observation (1990 - 2014)
— Calibration (1990 - 2014)
—— Past (1980 - 2000)
—Present (2020 - 2040) L
— Future (2060 - 2080)

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080
Time

* 12 of the 60 km HadGEM3-GC3.0 GCM PPE for RCP8.5 were
applied to 12km regional climate simulations.

* These were used to drive the regional 7 km NEMO AMM?7
(1980 —2080).

* Model simulations are de-tided using a Doodson filter to
generate a residual surge .
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Is compound flooding likely to change? — return periods

Dyfi - River discharge Dyfi - Sea level
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Kendalls rank correlation coefficient

Is compound flooding likely to change? — future changes in compound events
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Potential groundwater impacts
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Properties Conwy
Catchment Area 345 km?
Rainfall (50 years average) 3700mm
Base Flow Index 0.27

Geology

Thick sequence of mudstones

Permeability of Bed Rock

Very low

Superficial deposits

Clay, Alluvium, Till

Groundwater potential of superficial
deposits

Moderate

Aquifer systems

Groundwater occurs within shallow weakly permeable
aquifers

Carboniferous
Dinantian and

Namurian

Old Red Sandstone (latest
Silurian to Devonian)

Silurian (excluding Old
Red Sandstone)

Precambrian
(Neoproterozoic)

- Intrusive igneous rocks
T= Extrusive igneous rocks
~ | lavas and tuffs

Geological Map of Wales

Source- BGS




Peak baseflow, runoff and river flow events (1990-2020)
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Summary

Historic compound event analysis:

* Firstsub-daily compound flooding analyses (Lyddon et al. 2022). —
Inundation modelling: “Forth
* Estuary DEMs built at 20-50mres for 13 estuaries (not Thames).
* Full catchment DEMS built for Clyde, Conwy, Dyfi, Humber).

* CAESAR-Lisflood inundation models running for all estuaries. _ EIDC

Clyde

Kent
* CL-groundwater model developed for Dyfi, Conwy, Clyde.

Humber
* New method for validation of flooding events (Conwy, Dyfi), paper in-prep Conwy N
* New sea-level sensors, Satellite SAR images, inundation records, news articles i

* Established tipping points and probabilities of flood drivers in Conwy, Dyfi, Humber b ‘ﬁf
(Harrison et al. 2021; Robins et al. 2022) , Y
Milford Blackwater_

* Working on joint-probabilities... Severn )
— Haven_ | QD ’
‘ Thames '

Climate change: camel ‘
* Collated sea-level and river flow projections downscaled from HadGEM3-GC3.0 . _Exe = Portsmouth
* Produced future return periods and compound event analysis (paper in-prep) '
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