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THIS RESEARCH IS PART OF BGS COASTS & ESTUARIES PROGRAMME

BGS Coasts and Estuaries provides independent and expert geoscientific tools and advice for
collaborative decision making to assess different adaptation options for coastal flooding and erosion.
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DEFINITIONS : @

Waterline — the edge of the sea at a
snapshot in time

B2

Shoreline — the prediction of where the
tidal waterline would be at a determined
time

(@)

Littoral Line — a highwater line depicting
a hard boundary where a fixed object

Time Series — a derived product based on
a series of different shorelines or

waterlines. [ Vegetation M Offshore A Shoreline B1. MHWS D Depth of Closure
[ Beach =\ Seawall CWaterline B2. MLWS

Depth of Closure — the depth beneath B Nearshore “~--. Littoral Line
which erosion is not significant
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Master  Slave 1 Slave 2 Master Slave 2
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Slave 1

E——
t0 t1 t2
Time evolution event

real case ( different sensor )
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29 May 30 July 14 August
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Internal Quality Control

— 0 - 20 Very Low Confidence
20 - 40 Low Confidence
40 - 60 Fair Confidence
60 - 80 High Confidence

— 80 - 100 Very High Confidence




SAR Waterlines

SAR Data Base
- Sentinel - 1

- Envisat - ASAR
- ERS1/2

Image calibration
and geo-correction

SAR waterlines change rates

£ Bad lines
50.32 & ° lines jaue

a
S o
) ©
® w

)
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()

Latitude [degrees]

50.24

-3.68 -3.66 -3.64 -3.62 -3.6 -3.58 -3.56
Longitude [degrees]
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Shorelines

Tide Station 2

Wave Buoy e » Tide Gauge
v
4
le Datum Measurement
1
Beach |
_- Elevation |
SHQREE"‘:E _-" Profiles |
P =i k. Tide Gauge
| MSL=1.0m
1 Tide Station 1 Measured Tide = 2.0 m
= Tide Gauge
datum Wave Buoy e ;
- . * Datum Measurer \
Shoreline Elevation Mo\
! XY INTERPOLATED
i Waterline “' MSL=1.5m
| MSL Shoreline I. Predicted Tide =4.0 m
1 '
1 - . ,
z 9 Waterline Elevation 2
< e
I-datum
MSL=2.0m

Measured Tide = 6.0 m
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Shorelines

Instantaneous
Waterline

V. T
4

MSL Shorelines

Sentinel-ShoreIines
Cadiz, Spain
EZE== 2z === 5

FEIEEz=zzE 23zzzZE5333zz2% ¥ Tidal Datum Shorelines
HAT

MHWS

MHW

MSL

MLW

MLWS

LAT
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Summer 2017 to

‘Winter 2018

Winter 2018 to
Summer 2018

| el

Seasonal Change in
Mean Sea Level
Shorelines
Sentinel-2 | Castellon

Shoredine Change Indication
Bl Strong Eroslon

Weak Ercsion

Weak Accretion
B Strong Accretion

MSL Shoreline Change 2017 - 2019 | Castelln




2018 - 2019

2019 - 2020

Mean Sea Level
Shoreline
Annual Change

Sentinel-2
Start Bay
South Devon, UK

Shoreline Change Indication
@ Strong Erosion

Weak Erosion

No Change

Weak Accretion
@ Strong Accretion

0 750 1,500 m
L S—

Kingsbridge

Salcombe

Mean Sea Level Shoreline
Average Erosion Rate 1994 - 201
Tordera Delta, Spain

Average Erosion Rate (m/yr)
® 5-6.25
® 375-5
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Seafront
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Seafront

Spurn Head

I Industrial

| Build up type 1
"] Build up type 2
. |Crop1

[ IcCrop2

[ cCrop3

[ Crop 4

I Crop 5

I Crop6

Il Forest type 1
I Forest type 2
7 Soft Cliff

B saltMarshes
| Sandy Beach
[ ] Tidal areas
Bl Sea
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Seafront 2017
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Bathy-Morpho Terrain Models

remote / / : e /
sensor ¥ / / e

Estimation of - ey
ocean j\;;l:‘;; e ‘:;,/
morphology using
multispectral
sensors N \k (s

matter .7

What we want :
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Bathy-Morpho Terrain Models

 Physics-based model, Method of Hedley et al., 2009
« Different method from Satellite Derived Bathymetry

et
v S

j;.m Coral
B 201 Harbour

CoralHarbour,
B pp

Canada
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Bathy-Morpho Terrain Models

1. Pre-Selection of images
One good smgle image - One Bathy Morpho Terrain Model

Sedlments and CIouds Sediments and Glint Ice

..and others



Bathy-Morpho Terrain Models
2. Atmospheric correction

Cadiz, Spain

@~ WA WNMO




A

S | Geological

BG
W Survey

Bathy-Morpho Terrain Models

Coloured disolved Suspended Confidence maps
Reflectance organic matter partlculate matter

Il o.0000 s S Il o.0000 ' W oooo
0.0037 ¥ ( 0.2500 N 7.5000
0.0075 h 0.5000 Y o : 15.0000
0.0113 N 0.7500

, 22.5000

M o.0150 e [l 1.0000 B 20.0000
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Potential time series
analysis for the annual -10
evolution 2016-2019

42425 4.243 4.2435 4.244 4.2445
Lon (UTM) %«10°
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USER'S NEEDS DRIVEN PROJECT {E89) &t © |

What are the end users requirements?

@ British
Geological Survey @
Expert | Impartil | bunawati

ESA Coastal Erosion Project:
User Requirement Document

}Q Summary of URD & Feasibility study (10 pp)
PDF Payo_et_al_ICE_2019_LaRochelle.pdf 0

Coastal Resilience and Geobazasds Programame
Technical Report CR/19/055

—
(ARGANS B
__,_,wwlz‘;,,___em..-_- i EE——
. J
—
- ‘. ) 5 ; L
Monitoring Coastal Change From Space, what end
users need and what is feasible in the 21st century
A. Payo, M. Hennen, J. Martinez-Sanchez, X. Monteys, T. Jaegler, FRML, M.A. Ellis, C. Jacobs
ice.org.uk/coastal2019
Slides presented at ICE 2019 Broader end user community inputs

Full URD consolidated version (122 pp)
User Requirement Document_v2.pdf
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“Any policy for coastal erosion should increase coastal resilience by
restoring the sediment balance and providing space for coastal processes”

(EUROSION, 2004)

Salial "
ol »* : -
* * 4 f(Country, site specific, End-User Type)
eurosion »*
—
L

* IHcantabria



‘ ' 10th December 2020, recorded sessions here
< i} Cesa @ foalSurvey

Monitoring coastal erosion
from space
- La erosion costera desde el espacio:
nuevos avances y productos

Taller virtual
17 de Noviembre de 2020

7

Eesa | —-— " (ARGANS,

< ’Ait‘eliers virtuels BGS) Geological ARGANS @-esa
EVOLUTION' COTIERE VUE DE LESPACE & Gers &
bre 2020 | 9:00-=22:00 Monitoring Coastal Erosion from Space workshop . &=

e 2020 | 9:00 - 12:00 s o
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Monday 7" December, 2020
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https://www.eventbrite.ie/e/monitoring-coastal-erosion-from-space-tickets-124087056727
https://coastalerosion.argans.co.uk/doc.html
https://www.eventbrite.ie/e/monitoring-coastal-erosion-from-space-tickets-124087056727
https://coastalerosion.argans.co.uk/doc.html
https://coastalerosion.argans.co.uk/doc.html
https://coastalerosion.argans.co.uk/doc.html
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https://bgscoastalerosion.siteonsite.es/

AGENDA

1 What is feasible to observe from space with existing EO civil

technology? (ARGANS Ltd and isardSAT)

How confident are we on the coastal changes detected from

space? (BGS)

A Panel discussion on how this information can be used to build
more resilient coastal management in the UK? Featuring key govt
institutions

1. Overall, how well are you able to answer the

question addressed in this session?

Extremely able to answer
11 %

Fairly well

Before

Somewhat able

TTIFTTIITFTITFT I T I I I T T I I T I IFIFFFeE,

Not sure
4%

Not at all able to answer

6%

284
(S2)

BGS
%-7/ Survey -

N A

(S1) K154
164
(S3)

= Active participants 128

Total Views 947

After

2. Overall, how well are you able to answer the
question addressed in this session?

Extremely able to answer

5%
Fairly well
TITITITTITITI T T I T T TTITIT I TS TTTI2
Somewhat able

38%

Not sure
3%

Not at all able to answer
0%
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Process: long-term shoreline evolution in Tordera

184 shorelines (1994 a 2018 — 24 years)

. PN X Vv S
Distribucion de las lineas en los afios . o 3 \

1994 - 2000

2000 - 2005

—— 2005 - 2010

| —2010-2015

——perfil 5

——perfil 33 A

-150f| — perfil 63 : : ¥ =-67x [Iario]

1995 2000 2005 2010 2015 2020
tiempo [afios]

photogrametry  m/year

- 0 : ! !

= : f :

é 0 M : Acrec'ién

g . ¥ : Erosién
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OPT able to detect.
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§

seasonal change

Process: seasonal beach rotation in Castellon

Analysis of Sentinel 2 shorelines:
Seasonal cheanges and beach rotation
- - -

Bl Acrecion intensa
' Acrecién

Erosion

Summer 2017 Winter 2018 Summer 2018

sediment
sediment transport -
transport
Hs{m]
mi5-2
@1-15
m05-1
SOUTH mo

Changes summer 2017
to winter 2018

Changes winter
2018 to summer
2018




are still validating large

SL archive produced

Jotal number of shorelines OPT

(23%) (19%)

(25%) (33%) Products

26 years

N >33 (1

Sentinel 2

Missions

Landsat 8

Landsat 5
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truth data bases

Vegetation line 2017

= \/egetation line 2018

s Sh_HAT_20180516

: \\\\\\\‘\ \ Dun Veggtatio
NWRTATATN |
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} Onshore e )
Offshore



Littoral lines & backshore maps /& aifush
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S2 | WL | Spurn Head

S2 | SL | HAT

S2 | SL | MSL

S2 | SL | MLWS




Ol&Pmissions still require

visual QA

* OS HWM
* OS LWM

* Waterline is generally
between the HWM and
LWM.

* Boats mapped as land

* Pier /harbour breakwater = wider
than it is




New methods developed for A\

BGS G,eo1ogreql‘_
accuracy assessment S e e

As no standard method exist to assess absolute accuracy of waterllnes we
have chosen points with no foreshore

oS \QectorMap &strict

Tldal Boundarles \.a,g

Accuracy

absolute, relative, geometric fidelity




New methods developed for /2 shieh

BGS G,ea1ogrcd|
accuracy assessment e >

As no standard method exist to assess absolute accuracy of waterlines we
have chosen points with no foreshore

Absolute accuracy

WL; N = 1449 ;(RMSE, 95th, 99th) = (19.7, 43.2, 74.3)[m]

w
=
=
-
o
Gt
o
=]
&
z
5
=
z

107! 10° 10'
Error [m]

S2 | Start Bay | 2019-10-02
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New methods developed for /& sitn

BGS G,ea1ogrcdl
accuracy assessment W |

As no standard method exist to assess absolute accuracy of waterllnes we
have chosen points with no foreshore

Relative accuracy

— WL; N = 68356 ;(RMSE, 95th, 99th) = (14.2, 23.9, 57.4)[m]

6000
5000 -
4000

3000 -

Number of Points

2000 -

1000 -

oLl —
-100 -50 0 50 100

Error [m]

S2 | Start Bay | 2019-10-02




OPT WL extracted evem
in cloudy re

(;eo‘logreal

/' Survey

lles de la Madeleine: Mingan: Manicouagan:
122 Water lines 216 Water lines 233 Water lines
183 km 112 kms 163 kms



SAR4S transparent to cleuds 7w\

=5 Gﬁmogi'fédli’;
so more WL can be extracted - \s/5no

Are SAR waterlines able to capture the observed beach rotaticn?

Elevation Change (m)

i Sub-aerial

__EE I Sub-tidal
s -
B
s -2
-1
[ os - 1
[ Jo2s-0s
[ ]-025-025
[ J-05--025
[]1--0s5
s
215
(c) Amanda Smalley - 3--25 ; |

1 Blackpool

|:| Survey Extents
Sands

Wiggins et al. (2019) Geomorphology

Volume change (m3)

Slapton line Road damaged in
2018 causing local traffic
disruption.
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- Surve
rotation? ZASSgana -

] -l - ¢ i ) «‘"-*-:*'m S
_________ i Wt L et R TS AT SUTRR .. Blackpool Sands~ ¥ 30
' Forest Cove
e 20
z "’-' 1_- ‘..*'-'“‘
gl . | =
’ . oo g Mo S
Tl i * i+ I
' - % o
- & 2 1o ©
AR < "ki RN = \A—"- g
: - 2
" 10 o
= 14
Slapton Sands -20
____________ SRR L S B el algily IDESR N S A SR L e o el R
ET] [ -
-30
Bee Sands

Ty 20'15 2016 2017 2018 2019



Aré WL SAR able to detect beach &N sfe
rotation? : |

Rotation is clear when annual mean values of SAR WL for years
2016 and 2017 are used

SAR waterlines change rates 2016 - 2017

I3
o
N
©

Latitude [degrees]
Change rate [m/year]

(6]
S
N
~

L‘H Blackpool Sands

-3.6
Longitude [degrees]
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Mean absolute error:
MAE =081m

Batim. satelite [m]
[=7]

5 0 5 10 15
Bafim. medida [m]

Qeurrencla




Confidence metadata. prevent ,
miss-interpretation.« NSy -\

Confidence index

Confidence index

4[] Medium

Elevation [m] |8
w12

15



We-are still exploring the

votential of all EO

: ] Soft Cliff
Observing costal squeeze from space? B saltMarshes

|| Sandy Beach
|| Tidal areas

| intertidal habitats are squeezed between
rising water level and the seawall

d

i | ; sea level
coastal squeeze rise
i lower marsh pioneer i mudflat | sealestuary




N

Thanks for your attghtion!
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Monitoring coastal erosion
from space
- La erosion costera desde el espacio:
nuevos avances y productos

Taller virtual
17 de Noviembre de 2020
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