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Project @9 CHAMFEF

CHAMFER is a UK National Capability project (UK

Coastal HAzards - Multi-hazard controls on Flooding Avou_Toom armers Q.

and ERosion).
https://projects.noc.ac.uk/chamfer/

British
Geological
Survey

. UK Coastal Hazards,
Modelling the coastal zone of the UK at 500m R b e

resolution. Flooding and Erosion

CHAMFER will develop new and essential knowledge

Project duration: 2022 -2027

CHAMFER will develop new and essential knowledge and
understanding by bringing together teams from the NOC,
UKCEH and BGS to determine how multi-hazards at the
coast control coastal flooding and erosion, to quantify how
these multi-hazards will respond to climate change and
coastal management, and to provide advice to stakeholders EEERESAS LGRS R AR
on coastal management and adaptation options.

National Capability programmes
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We are concerned with the COASTAL ZONE |,
which we define very broadly to include both
coastal land and coastal ocean.

Approximately one third of the UK population
lives within 10 km of the coast.

An important zone: 200 million people worldwide
live along coastlines less than 5 m above sea
level, and it is estimated that this figure could
increase to 400 to 500 million by the end of the
21st century.

In the UK, responsibility for coastal zone
research is divided between UKCEH and
NOC.

@ UKCEH UPLANDS / PIEDMONT (60 m asl)
COASTAL PLAIN (yellow <30 m asl; light green <60 m asl)
_[ COASTAL OCEAN / SHELF SEAS (light blue <60 m depth; middle <100 m; dark <200 m)
OCEANIC ZONE (>200 m depth) .
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Focus on COASTS

In the last few years, new regional, national and
international programmes have highlighted the
importance of the coastal zone (both the coastal plain
and the coastal ocean).
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ABOUT FOCUs SCIENCE TEAMS UN DECADE EVENTS NEWS DOCUMENTS

CoastPredict - Programme for the UN Decade of Ocean Science
SC i ence Operational Ocean Forecasting

Systems

Task team activities

A-TSCV - ESA project

CoastPredict - Programme for the UN

Decade of Ocean Science

EuroSea - EU H2020 project
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- More than 70% Selected coastal cities of more
®  than one million people

Source: Burke et al., World Resources Institute, Washington DC, 2001; Paul Harrison,Fred Pearce, AAAS Atlas of Population and Environment PHILIPPE REKACEWICZ
2001, ican A iation for the of Science, University of Califomia Press, Berkeley. FEBRUARY 2002
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RECREATION &
WELLBEING
Attracts tourism to
area through bird

IMPROVED
WATER QUALITY
Trapping sediment and
absorbing contaminants

BIODIVERSITY
ENHANCEMENT
Provides complex

habitat for a range of

FOOD PROVISION
Animal grazing and plant
harvesting can contribute

to local economy

FLOOD AND COASTAL
DEFENCE

Absorbs tidal & wave energy
to protect land and reduces

Focus on COASTS

CHAMFER is concerned with quantifying coastal impacts,
including flooding, coastal erosion and ecosystem

In order to do this, we need to improve our understanding of UK
coastal ecosystems and exchanges across this 'border zone'
between the ocean and the land.

This is broadly part of current attempts to quantify 'blue carbon'.

Coastal
Blue Carbon .

Carbon is absorbed through photosynthesis

Some carbon returns to the atmosphere

CO,
Some carbon dioxide
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microorganisms CHs

W Some carbon
3 & """ enters from high
ind Salt Marsh  watershed areas

oo

Exported
carbon .-

in biomass a

< §
sediments

degradation.

hard sea defence costs

@4_’3@ o,

improves water quality watching and walking

@

species e.g. nesting birds

S

FISHERIES

nu:

PRODUCTION
s for

Saltmarshes provide a range of ecosystem services such as coastal defense improving water quality,
enhancing biodiversity, supporting fisheries and grazing, recreation and wellbeing and storage and
removal of carbon and excess nutrients. Graphic from: Hudson, R, Kenworthy, J and Best, M (eds) (2021).

Saltmarsh Restoration Handbook: UK and Ireland. Environment Agency, Bristol, UK.
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Fig. 1.Seabed organic carbon (OC) stocks in the top 10 cm of sediment across the UK

EEZA) Concentration of OC across the study area. Colours follow an exponential scale from low
concentrations in blue to high concentrations in ré8)Areas of the study region which contain the
highest concentrations of OC. Colours are equivalent to highest 0.1% of vedded4%- orange, and
5%- yellow.From Epstein & Roberts (202&)ps://doi.org/10.1101/2022.02.10.479679 °
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UT]

Unified Mode! |

A focus on the cc
on land-ocean cc

Land-atmosphere interactions

Ocean-atmosphereinteractions >
Coupler: Oasis

Marthews TR, Wiggins M & Garbutt A (2023 ). The land-ocean interface in land surface models . UKCEH Report.
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Two examples of land-ocean coupling: (1) river outflow has a huge effect on the near ocean.

CPL_ao [20180121-20180125] _ CPL Riv [20180121-20180125] |

R R SR T i D ............. \,
.......................... e
--------------- &= g 4 gl
....................................... -
e,
L]

28 30 32 34 36 38 B B

CPL_ao MEAN Sea surface salinity (psu) -0.8 —0.4 0.0 0.4 0.8
CPL_Riv-ClimRiv MEAN DIFF Sea surface salinity (psu)
A Surface salinity i climatological river inputs A Impact of coupling on near-coastal salinity

A 5-day case study runs, January 2018

&igures many thanks to Huw Lewis (data from Dan Copsey)
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Two examples of land-ocean coupling: (2) sea surges occur when sea water intrudes onto the land surface.

ClimRiv [20180121-20180125]

..........................................

0.1 0.3 0.4

0.2
ClimRiv MEAN Current speed (m/s)

0.5

Storm surge

Cyclone winds can be deadly, but surging water levels can also threaten life

B High winds push sea water B The cyclone makes landfall, water has nowhere to go but inland

towards the coast

Large waves . )
d— High winds

Can cause extreme flooding when
strom surge coincides with the normal
high tide

Buildings and roads damaged Coastal erosion

Boats destroyed

©AFP

Source: NOAA, Met Office
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JULES'

¢ Joint UK Land
J Environment Simulator
Much of my work benefits from UK National Capability funding

where the focus is on quantifying impacts as we (try to) move
towards a net zero world.

Modelling inundation

As with all land surface models, JULES calculates a water
balance at each of its gridcells, which includes all the main
movements of water into and out of that location.

Inundation then happens as a consequence of these flow
variables.

precipitation  evaporation

P E

surface water

Rri A area of the lake Rro

inflow

Ry Rgo outflow ,-‘_ — - T ,,-"5»
—/gmundwater\. " NATIONAL CAPABILITY
FOR GLOBAL CHALLENGES

lake

International science fornet zero plus &8
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CaMa-Flood global hydrodynamic model
Last Update: 9 September, 2014 L]

River flow e FrontPage

Download
Model Description | General Information
Note
M M M M M T M M inks e |latest version is aMa-Floo v3.6.2 ( ugust,. )
River flow is predicted using the Saint Venant equations, which are derived from water balance el L e e e e
Dai ¥ aki The detailed description of the CaMa-Flood global river model (ver 3.6.2) is summarized in the User's Manusl of CaMa-Flood.

considerations.

: Example of CaMa-Flood Simulation
Our approach is to use the well-tested global hydrodynamic model CaMa-Flood. This is a
substantial 'upgrade’ from the current river models in JULES (TRIP and River Flow Model).

UK F

(; ’ THE UNIVERSITY OF TOKYO

JAMSTEC s:x722ss

.’iA‘-HRHERM
an Agency for Marine-Earth Science and Technology

I 11228 EHOoEaNER~OHRSR

A key part of this upgrade is moving from a kinematic wave model (used by RFM) to a local
inertial approximation where only the convective acceleration term is neglected (de Almeida &
Bates 2013).

de Almeida GAM & Bates P (2013) . Applicability of the local inertial approximation of the shallow water equations to flood
modelling. Water Resources Research 49:4833-4844.

Various Forms of the Momentum Equation

CaMa-Flood is a Global Hydrodynamic model developed
by Dai Yamazaki at Univ. Tokyo. It is the only open -source
global river routing model based on the local inertial
approximation of the Saint Venant equations.

2
190 + 10/ g = —g(S, 3 =0 Crucially, this version of the Saint Venant equations
Aot Aox\ A4 includes backwater effects , i.e. temporary reversals of flow
- | N in river branches.
Local Convective Pressure Gravity Friction
acceleration acceleration farce force force
e e e emo e This is something we need to be able to model coastal
e B inundation: NEMO communicates the height of the sea wall
R *+ *+ *_ g(SO N Sf) =0 to JULES (via Oasis), but then the river routing scheme in

JULES must be able to allow that water to travel upstream
| to produce inundation. This is not possible with RFM

| Diffusion Wave because it follows the kinematic wave equation that
| assumes no flow reversals.

Dynamic Wave

Kinematic Wave




#: UKCEH

During CHAMFER, between myself and NOC, we have developed the following workflow:

JULES

Joint UK Land
Environment Simulator

CaMa-Flood

® A recoded Fortran module based on v3.95a CaMa-Flood with no flow bifurcations
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This system is what | mean by OWRMS, producing predictions at 500 m resolution
all around the coastline of the UK. This system will then be used to underpin
management advice about coastal hazards and impacts.

1
1 Barking Creek

: 'A new UK scale ocean-wave-river modelling system for predicting ext me sea Ievels at &

3 4\3?.',' :

ot

Thames

Deptford Creek
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$#: UKCEH
*  Poole harbour catchment

| have been using the 820km?2 Poole Harbour Catchment as a test case, because it is large enough to show all the river dynamics |
am trying to simulate, but still small enough to run acceptably quickly (it is much smaller than the Thames 12935km?2 or Mersey,

4680km2).

- Towns

e Riv0rS

Tronsitiongd and Coasiol Waterbodies

Waterbodies (sub-cotchments!

[_ ‘ Foole Horbour Corchment

Note where the 6handov
model and the ocean model here: Poole harbour
IS mostly saline, but this estuary is on the DEM for
the land model and therefore it is simulated as a
lake on the land surface (by JULES), not as an
o adon « v arm of the sea (which would be handled by

: ) NEMO). For most estuaries there is no choice
... about this: the DEM (land-sea mask) specifies

" where the boundary is between land and sea.

_______

Irefand I
Ireland =Buklin

Sheffield

o]
Woles A L T ARY]

Figure 1: Poole Harbour Catchment Area
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*  Poole harbour catchment

Here we can see runoff (top), river flow (middle)
and inundation extent (bottom) for 1993, as
simulated by JULES using Camaflood river
routing:

(in updated runs, | have also included river depth
as an output)

- Towns

~ Rivers

Tronsitional and Coostol Waterbodies
Woterbeefes isub-cotchmentsl
I‘ 7] Poole Horbour Cotchmant
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JULES gets a lot of things right here:

Poole harbour catchment | | |
A The rivers Frome and Piddle are in

the right places and flow rates are
approx. correct

Here we can see runoff (top), river flow (middle)
and inundation extent (bottom) for 1993, as
simulated by JULES using Camaflood river

: A The est i rmanently-
routing: e estuary Is a permanently

inundated lake, as you would

(in updated runs, | have also included river depth expect.

as an output) A You can see the flashes of runoff

directly come through as flashes of
river flow (each frame is 1 day, so
each flash is a rainy day).

A Also, | can appl
waveo at the est
spreads further inland, as it should.

- Towns

= Rivers

Tronsitional and Coostol Waterbodies

Woterbeefes isub-cotchmentsl

[ :,‘ Poole Horbour Cotchmant




Simulating UK500

Doing the same for all of UK500 is much more challenging.

A

First step: split the UK500 domain into all its separate catchments. | did
this with a bespoke script and got 9674 catchments (most of these are
very small catchments).

Next, | need to setup a job array . This is a way of sending 9674 jobs to
the HPC at the same time (a special kind of slurm job).

This approach is very heavy on filespace : each year of each catchment
generates an output file, which means 30*9674= 290,000 files plus spin-
up and dumps. Luckily, >50% of these catchments are really tiny (some
only 1 pixel).

All these catchments are running right now. The largest catchments are
taking ~50 days to run all 30 years, so it is still a nontrivial set of JULES
runs.

Side point: | have calculated the catchments directly from my ancillary file
of 500 m river directions using a script (rather than downloading any
separate set of river districts), so | know that the catchments and river
directions agree with each other 100%.

1
(]
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UK river bankfull
channel depths

:UKCEH

New ancils on channe
depths and widths

We are using the ancillaries of
channel depths and widths
assembled by Helen Davies
at UKCEH in 2022.

Note: channel depths here go
up to only 3 m for the UK
beCauSe these are an This is the most recent version of this dataset (view other versions) ~

Description

Environmental
UKCEH ‘ Information Finddata Depositdata  Support  News&events  About C Help
Data Centre

Davies, H.N.; Rameshwaran, P.; Bell, V.A,

average across the channel. Gridded (Tkm) physical river
Data dO not eXiS t for the Provenance & auatty characteristics for the UK v2

Licensing & constraints

deepest point of each

Authors

.
Additional metadata
C a n n e a n a rg u a y I S The dataset includes six files of UK physical river characteristics including five files of gridded data

Download/Access at1km x 1km resolution and one comma separated table. The data includes: 246

T = Drainage directions (D8 flow method), ESRI coding e

I e ad S to a S I I g ht + Drainage directions (DB flow method), unifhy (python hydrology framework) coding 4,249
+ Catchment areas (km2) views

+ Widths of bankfull rivers (m)

underestimation of flow in

= NRFA gauging station locations (easting (m), northing (m])

< :a M a I I O O d Two versions of drainage directions are provided, both have the same drainage directions but
L] different numbering systems. The comma separated NRFA (National River Flow Archive) gauging
station locations table provides the best locations of 1489 river flow gauging stations on the Tkm

grids, together with the approximate error in the 1km x 1km gridded delineation of the upstream
catchment area. All datasets are provided on the British National Grid.



Sea surges

Being able to simulate sea surges is a fundamental aim of the
CHAMFER project.

Sea surges are caused by various factors (including storms).
The inundation and damage they cause depends on many
factors, including timing (e.g., whether they occur at high tide
and are reinforced by the tides) and coastal geometry (e.g., see
below).

~

Wave runup |

Wave setup

Wind Waves

D . . Storm Surge

e —— -

Graphics with thanks to
https://research.csiro.au/slrwavescoast/
extremes/causes -extreme -sea-levels/
and https://phys.org/news/2019 -05-
storm -surge -dangerous.html

Tidal Range

Storm surge

Cyclone winds can be deadly, but surging water levels can also threaten life

B The cyclone makes landfall, water has nowhere to go but inland

W High winds push sea water
towards the coast

Large waves . .
4 High winds

Storm surge

Can cause extreme flooding when
strom surge coincides with the normal
high tide

Buildings and roads damaged Coastal erosion = Boats destroyed

Source: NOAA, Met Office © AP

Wave runup
o ind W
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N Wave Setup]: \
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Sea surges

Take the example of the Somerset Levels in 2014 (map from
https://www.telegraph.co.uk/news/earth/earthnews/10601978/Why
Somerset -Levels -flood.html ):

-do-the-

If you try to predict where flooding occurs based simply on filling up the
topography, then you would get the whole area (red+blue) in this map. However,
MABL m; 9MAMN; » 91 1 KH9<A BL BG<HKK><My
much of the Levels does not actually flood as much as you might think. Essentially,
this is why you need a river routing model like CaMa -Flood.

In 2014, there was a very large amount of rain on the Mendips as well as a
storm surge that arrived at high tide. The storm surge made the river back up
and that was (partly) why the flooding occurred inland. In our simulations  we
do get backwater effects like this when we use the Camaflood option.

x fgpfs01/scratch/tobmar//UK500_15361.Daily_cropped_cmf.nc@wlsc-polarin01 *

Bristol Channel 3 ' A\ KEY

MA Tewston . e K MA >
M "'.pm. ' . Yeowl > ol
e

Somerset Levels

. Area underwater

Taunton
O

River Tone Y .

10 miles Yeovil O
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" Sea surges

CaMa-Flood has a facility to allow sea surge inundation onto
the land surface already (at v3.9.5) (here called Slow coastal
inundation ). This was investigated in the CASPER project a
few years ago at UKCEH (Clark et al. 2021).

However, | found this to be a very slow process and did not
capture the faster dynamics of a storm -induced sea surge.
Therefore, | have modified CaMa-Flood to implement a faster
process of coastal flooding (here called Fast coastal
inundation ).

In terms of ODESs, one can think of the slow inundation as an
equilibrium solution and the fast inundation as a transient
solution. CaMa-Flood appears to have been coded for
equilibrium solutions only (conserving differentiability of the
water surface along all flowpaths and limiting water slopes to
0.005 m/m). This is appropriate for long -term sea level rise,
but not for storm surges which are, of course, a transient
phenomenon.

Clark D, Wiggins W & Feng X (2021) . Land-ocean coupling.
Report for WCSSP India Project CASPER .
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#: UKCEH

JULES - Without slow coastal inundation With 'slow' coastal inundation
° CaMa -Flood (CMF's method for coastal
S e a S u rg e S river routing inundation)
. : . . Without fast
Plots right use hypsometric overbank inundation. —
inundation
| simulated a 50 m high sea surge around the Isle
of Man (i.e. a tsunami) and allowed this sea surge
to inundate the land surface either using CMF's in -
house coastal inundation scheme (slow) and a
new code addition by me to simulate storm surge
inundation (fast). Plot is a screenshot after 10 days
of tsunami. | |
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ELUKCEH Qs Standalone JULES simulation of
. rivers and inundation

1. UK Coasts and CHAMFER
2. OWRMS and Sea Surges

3. Inundation in the Boyne and the Spey
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Inundation in the
Boyne and the

Spey

Focus on two similar -sized
catchments:

The Boyne (2700 km2) \

and

IRELAND - MAJOR RIVER CATCHMENTS
with areas in square kilometres
|:] Catchments under 500 sq. km.
and areas draining direct to
sea or via small streams .

tre:

The Spey (3000 km?2)
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Inundation in the
Boyne and the

Spey

Simulation shown for the year
2000 (each frame = 1 day).
Runs carried out on the
UKCEH local cluster POLAR.

Note how flashy the runoff is,
but the river flow predicted
from it by JULES is
comparatively stable. Overall,
the Spey has a much more
stable flow than the Boyne.

* River depth is not a standard
JULES output: | added it to
the code in my branch

Runoff (runoff)

(n.b. you can see the imprint of the
ISIMIP gridcells from my driving
data)

River flow (rflow)

Overbank inundation
(frac_fplain)

River depth *




