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European Ground Motion Service at a glance

1and * A new element of the Copernicus Land Monitoring Service. 4 »

Vionitorings  The first continental-scale InSAR ground deformation monitoring %
| service. Based on full-resolution processing of all past and future
Sentinel-1 (S1) satellite data, for high spatio-temporal resolution
and millimetric precision.

\
°

Typical ground displacements include: landslides, subsidence and
uplift, volcanic and tectonic deformations. Enabling monitoring of
the stability of slopes, mining areas, buildings, infrastructures, ...

; A new European geospatial dataset of unique value, from which
Zen. ‘ other products/services can be developed. +DROMs ___"

Exploiting advanced PS and DS InSAR processing algorithms, and
~ensuring seamless harmonization between the S-1 tracks.

A 50 km grid GNSS model will also be realized to tie the INSAR

i
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promote best practices and user uptake will be provided.

TRE

. /
products to the geodetic reference frame ETRF2014. Oy i :
Tools for visualization, exploration, analysis and download of the ‘= Lok 2000 0k
- ¢
ground deformation measurements, as well as elements to e-geos D NLER CE GAFAG
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ey / f . =NHAZCA & T ot #7PPOLab:
~_* The first product, based on S1 data from 2015-2020, will be SIS s Y Lo ‘éﬁ
: k . 4 .
released in Q1 2022. Annual updates will follow. European Environment Agency §‘.) B| oo Gpgmgggﬁ
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Sentinel- High performance
EB:I computers

Reliable algorithms Past and present

experiences ‘
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 EGMS is the newest addition to the
Copernicus Land Monitoring
Service, managed by European
Environmental Agency (EEA)

 EGMS will provide continental-scale,
homogeneous maps of ground
motion.

e Millimetre-per-year precision with
full time-series included.
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InSAR map of ground velocity in Amsterdam between 2003 and 2007: © ESA 2009.
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@ The European Ground Motion Service

Land
Monitoring

e Typical ground displacements include:
| landslides, subsidence and uplift,
volcanic and tectonic deformations.

~ processing Sentinel-1 satellite data.

~° Initial service coverage includes all ey C
. Copernicus Participating States
-+ Anew European geospatial dataset of ¥ 3 |
unique value, and from which other | L -~ G N

- products and services can be made. + oyt e

0 km 1000 km 2000 k;n 3000 km

B I \ .
GENERAL ASSEMBLY, APRIL 2021 European Environment Agency g’) E o P GQQMI;OJCLEJS#



@ Implementation and ORIGINAL Consortium

Land
Monitoring

Framework Service Contract between:
European Environment Agency and the ORIGINAL Consortium,
comprising:

S
e-geos D NZ$RCE GAFAG

AN ASI/TELESPAZIO COMPANY
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roup Company

In collaboration with:
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Contract duration: January 2021 to December 2024.
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Land o

Monitoring

EGMS is based on ‘“InSAR’
InSAR = Synthetic Aperture Radar (SAR) Interferometry.

e Multitemporal analysis using Persistent Scatterer (PS) and Distributed Scatterer

(DS) interferometry techniques.

Same reflective ground feature throughout image stack

BY

Average annual velocity (mm/year)

o \,'* L }....'

A

Orbit1 Orbit2

Phase ‘interference’
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L .
I time E Time series of displacement
* Multiple image-acquisition approach, e.g. entire archives. [ = __ LS. T X N
| i T oo,
* Removal of atmospheric noise allows mm/year precision. N
* Produces high-density data cloud with measurements from | = R R T \
both ‘point’ and ‘distributed’ scatterers (PS+DS technique). O A O ; § : $ L
time|
5 « Every point has an associated time-series of displacement. |
T v .
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EGMS products

ASCENDING DESCENDING

Land .
oo, Based on: ,\
» Maps of average annual velocity (mm/year). J N

e Time-series data for every measurement point.

&*

=t e Ascending and descending satellite look-angles. ¢
G £ 511 T g \/S

Average velocity in mm per year
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B e fooe . . .
g e InSAR point time-series plot
> i’ 4
g WM C
o 2015-01-01 2015-07-01 2016-01-01 2016-07-01 2017-01-01 2017-07-01 .
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SIMULATED L2a BASICEE5 SIMULATED L3 ORTHO

'SIMULATED L2b CALI BRATED

Calibrated

\
| * L2b product w « L3 product

* L2a product ' . Displa.icement da.ta in the « Vertical and east-west
* Displacement data in the satellite line-of-sight. displacement data.

satellite line-of-sight. * Anchored to a GNSS o Made from multi-look
* Relative to InSAR point. reference frame. Calibrated product.
* Two look-angles. * Two look-angles. ePlotted to 100 m grid to
* Captured at 20 m x 5 m * Captured at20mx5m coincide with other CLMS

resolution. resolution. datasets.
* For expert use. . e For regular use ..A useful aiq to

J interpretation.

o
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Service delivery

Land * EGMS products and services will be made freely
Monitorine - Jyailable to all, globally.

Visualisation and analysis via a dedicated
webGlS.

Data download available after registration via
- search interface.

Accessible via the main Copernicus Land

Monitoring Services site.
g

YEAR 1
2021 2022 2023 2024
a1 Qaz Qa3 Qa4 al Q2 Qa3 a4 al Q2 Qa3 a4 al Q2 a3 Q4

Q1, 2022: Initial 5-year baseline spanning 2015 to 2020. . .
Q3, 2022: First annual update adding data from 2021.

Q3, 2023: Second annual update adding data from 2022.

Q3, 2024: Third annual update adding data from 2023.
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EGMS Dissemination & Archive System: a webGIS with added functionality.

Plot the time-series of individual INSAR points to show displacement evolution

and tre

nds.

Plot the average time-series for many InSAR points.

After registration, freely download the data in various user-friendly formats.

More features to be developed...

Standard map will display InSAR points

colour-coded by mm/year velocity
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3D viewing for analysis in areas of relief
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User

©

Land

Monitoring

Build user
network

N

-

Uptake

raise awareness... educate... stimulate...

LIS

~

studies

User

orkshops

Educational
Webinars
/Tutori

ach

Support

Thematic
events
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Public

Documentation

Land . N
vononne  EGMS documentation to be made available: References:

.....

EGMS White Paper (Sep 2017)

https://land.copernicus.eu/user-
orner/technical-library/egms-white-paper

oot Algorithm theoretical basis

Product description & format specification

o NSS calibration

EGMS Specification &
Implementation Plan (Jan 2020)

https://land.copernicus.eu/user-corner/technical-
library/egms-specification-and-implementation-plan

Product user manual

End user interface manual .
Copernicus

introduction to EGMS
(current)

|

Quality assurance & control

https://land.copernicus.eu/pan-
european/european-ground-
motion-service

User uptake & communication plan

&G ENERAL ASSEM BLY, APRIL 2021 European Environment Agency 7
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https://land.copernicus.eu/user-corner/technical-library/egms-white-paper
https://land.copernicus.eu/user-corner/technical-library/egms-specification-and-implementation-plan
https://land.copernicus.eu/pan-european/european-ground-motion-service

Independent Validation

Land
Monitoring v
(cooncs [ gy * EGMS products will be independently validated.
e COPERNICUS

- - LAND MONITORING SERVICE

=5 * Based on ‘Validation of the EGMS Product Portfolio’
] o ul o0 drafted by the EGMS Advisory Board.

AR
\VJ

Validation of the EGMS Product Portfolio ° Validation WIII certify the quahty Of a” EGMS

Michele Crosetto & Lorenzo Solari, Centre Tecnoldgic de Telecomunicacions de
Catalunya

A B SN products.
Joanna Balasis-Levinsen, Agency for Data Supply and Efficiency
Dag Anders Moldestad, Norsk Romsenter

Anneleen Oyen, Ministerie van Infrastructuur en Waterstaat
Nicola Casagli, Universita degli Studi di Firenze - Earth Sciences Department

A  AnITT for EGMS validation was launched in April

Luca Guerrieri & Valerio Comerci, Istituto Superiore per la Protezione & la

Ricerca Ambientale
Marek Mrdz, University of Warmia and Mazury in Olsztyn - Institute of 2 O 2 1 ]

Geodesy and Civil Engineering

https://land.copernicus.eu/user-corner/technical-library/validation-approach-of-the-egms-product-portfolio

el ity y '
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https://land.copernicus.eu/user-corner/technical-library/validation-approach-of-the-egms-product-portfolio

Preliminary results on a test area
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»

»

»

Roughly 40,000 Km?
Well covered by S1 tracks

Interesting from a CORINE perspective
(Mountains, vegetation, towns, villages...)

GNSS Availability

)
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Test Area — CORINE

Land .
Monitoring JEs

land cover

»

»

»

»

Roughly 40,000 Km?
Well covered by S1 tracks

Interesting from a CORINE perspective
(Mountains, vegetation, towns, villages...)

GNSS Availability
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Roughly 40,000 Km?
Well covered by S1 tracks

Interesting from a CORINE perspective
(Mountains, vegetation, towns, villages...)

GNSS Availability
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Test

http://dev.insar.no/#llh=5.83255367,48.49051799,93394.81268972&I00k=-0.06734907,-0.74884605,-0.65931305&right=0.99482313,-0.00000000,-0.10162154&up=-

Area - A

stable area

Land 0.07609895,0.66274333,-0.74496995&layers=aerial,maptiler-streets, TREA-ASCENDING-ORR-v2
Monitoring  cew _ rumont ,
= o
= N ™ Dataset: TREA-ASCENDING-ORR-v2 Incidence angle: 37.19° U N
Sl - Point ID: Average series 1 of 1 (5634 total all series) Track angle:-10.32° ' ® ¥ e 3
P * Sk Position: 48.478380 N 6.313427 E 290.33 m Azimuthangle: 79.68° E W E § 4
7=~ - - Mean velocity: -0.11 : T
Coherence: 0.77 D S ) (T, y o
14 ST T [ Average series 1 of 1 (5634 total all series) —o-| ~ v R . N
. ' A M. e o
12 4 i M0 Grgh Legend across all datasets.
10 g L, ; %) Limits are in mm/year.
N
E 6 i { d Ry
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a Page
\ Bazen
-10 4 N
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-14 1 el < Lst
| ‘ I | | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | Ui NI :
20150220 | 20151111 | 20160801 | 20170422 | 20180111 | 20181002 | 20190629 | 20200319 | 20201 . Meiout Rupey :
20150702 20160322 20161211 20170901 20180523 20190217 20191108 20200729 Raddiey ph L o [y ACRY
Measurement date 1\
» Sitecdy ¢
f ’ i Téltrux .
[ Lines ™ points |Nocurvefit v| [-15t015 v | Generate SVG | | View Data | oy LR Y
Mol > ® WGS84 48.4414 N 6.2062 E 287.55 m O Live L ' : /
Meures Gorhey . ; AU r |
Powered by NORCE Geo Viz | About data... ool Cioy
Gllancourt NeT ”“m““;, © NORCE © Norkart © OpenStreetMap contributors i kg g : P Mgngray
Treix rrézol 4 -
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http://dev.insar.no/#llh=5.83255367,48.49051799,93394.81268972&look=-0.06734907,-0.74884605,-0.65931305&right=0.99482313,-0.00000000,-0.10162154&up=-0.07609895,0.66274333,-0.74496995&layers=aerial,maptiler-streets,TREA-ASCENDING-ORR-v2

http://dev.insar.no/#llh=7.22751582,47.83840729,8630.06821017&lo0k=-0.08444645,-0.74125466,-0.66589063&right=0.99617020,-0.07800572,-
0.03949737&up=0.02266567,0.66667581,-0.74500311&layers=aerial,napbox.satellite, EGEOS-088A-ORR-v2

»
X Plot of 1 point i
Dataset: EGEOS-088A-ORR-v2 Incidence angle: 40.66° u N :
Point ID: 0x2b844661dcbet Track angle: -9.72° % 5
Position: 47.837158 N 7.270524 E 266.39 m Azimuth angle: 80.28° w E W ’54 1
Mean velocity: -14.68 y J
Coherence: 0.64 D X s
80 0x2b844661dcbe6 ©
60 ‘
e 29 ‘
E
£ 20 ]
g t
Ferer el
& ‘R ® g©% i
= & o .
g -20 oo o@o @0 . ! Legend
o & Legend across all datasets.
-40 p
Limits are in mm/year.
60
- 80
g \ 1 , | | J ‘ :
o 20150220 20151111 20160801 | 20170410 | 20171218 | 20180827 | 20196506 | 20200113 | 20200921
20150702 20160322 20161205 20170814 20180423 20181231 20199989 20200518 "
Measurement date .
View Data

O Lines ® points [Nocurvefit v [-151015 v [ Generate SVG | [ Fit

)
- gac:f-;!-”
WGSE4 47.8238 N 7.2525 E 254.19 m
Powered by NORCE Geo Viz | About data...

‘r & NORCE © Norkart © C

\ ' .
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http://dev.insar.no/#llh=7.22751582,47.83840729,8630.06821017&look=-0.08444645,-0.74125466,-0.66589063&right=0.99617020,-0.07800572,-0.03949737&up=0.02266567,0.66667581,-0.74500311&layers=aerial,mapbox.satellite,EGEOS-088A-ORR-v2

http://dev.insar.no/#llh=7.39029875,48.54656988,7621.21740539&l00k=-0.08536582,-0.74949001,-0.65648869&right=0.99108568,0.00376472,-0.13317285&up=-
0.10228322,0.66200494,-0.742487448&layers=aerial, NORCE-088A-strasbourg

Plot of 1 point

Dataset: Strasbourg Incidence angle: 41.98

¢ U N
Point ID: 0x2b8847568893e Track angle: -9.49° &
Position: 48.546013 N 7.412329 E 209.26 m Azimuth angle: 80.51° w E W 'E"'
Mean velocity: -7 40
D M s

Coherence: 0.66 Legend

0x2b8847568893e e Legend across all datasets,
Limits are in mm/year.

t mm

E
]
0
]
-
0
-
(s}

"1 Lines V] Points |Nocurvefit ~¥| [-15t015  ~ Generate SVG Fit | View Data

WGSE4 48.5461 N 7.4123 E 219.78 m
Powered by NORCE Geo Viz | About data...

NORCE Norkart o)
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http://dev.insar.no/#llh=7.39029875,48.54656988,7621.21740539&look=-0.08536582,-0.74949001,-0.65648869&right=0.99108568,0.00376472,-0.13317285&up=-0.10228322,0.66200494,-0.74248744&layers=aerial,NORCE-088A-strasbourg

://dev.insar.no/#1lh=7.94936443,48.53761804,240.44984727&look=-0.09873304,0.21753677,-0.97104559&right=0.99385286,-0.02755517,-
0.10722501&up=0.05008263,0.97566328,0.21347808&layers=aerial,mapbox.satellite, TREA-ASCENDING-ORR-v2

X Legend

Legend across all datasets.
Limits are in mm/year.

E - A
20 20

WGSE4 48.5389 N 7.9500 E 140.99 m
Powered by NORCE Geo Viz | About data
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http://dev.insar.no/#llh=7.94936443,48.53761804,240.44984727&look=-0.09873304,0.21753677,-0.97104559&right=0.99385286,-0.02755517,-0.10722501&up=0.05008263,0.97566328,0.21347808&layers=aerial,mapbox.satellite,TREA-ASCENDING-ORR-v2

http://dev.insar.no/#llh=7.54926764,48.25236662,574.86485801&l00k=0.39012283,-0.88094340,0.26784865&right=-0.87309042,-
0.26153734,0.41147460&up=0.29243375,0.39438096,0.87117516&layers=aerial,mapbox.satellite, TREA-ASCENDING-ORR-v2

Plot of 1 point

Dataset: TREA-ASCENDING-ORR-v2 Incidence angle: 42.24°

Point ID: 0x2b8846dbade86 Track angle: -9.44°

Position: 48.242455 N 7.551620 E 191.96 m Azimuth angle: 80.56°
Mean velocity: -0.07
Coherence: 0.86

[0x2b88460baB585 —@-|

£
E
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c
@
E
@
)
®
—-
a
v
Bl
(=

| ‘ |

20150208 | 20151217 ‘ 20161018 20170814 | 20180616 20190412 20200206 20201202

29150714 20160521 20170317 20180111 20181113 20190909 20200705
Measurement date

Lines & points Nocurvefit v| [-15t015 v | Generate SVG | | Fit | | View Data

W WGS84 48.2442 N 7.5508 E 167.75 m
Powered by NORC
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X Legend

Legend across all datasets.
Limits are in mm/year.
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http://dev.insar.no/#llh=7.54926764,48.25236662,574.86485801&look=0.39012283,-0.88094340,0.26784865&right=-0.87309042,-0.26153734,0.41147460&up=0.29243375,0.39438096,0.87117516&layers=aerial,mapbox.satellite,TREA-ASCENDING-ORR-v2

A\

“

http://dev.insar.no/#llh=7.74275947,48.57871040,2435.67075325&look=-0.08913326,-0.74986529,-0.65555877&right=0.99088293,-0.00000000,-0.13472571&up=-
0.10102621,0.66158989,-0.74302929&layers=aerial, mapbox.satellite, GAF-ASCE 088 86-ORR-v2

L N, ¢ O W T UL LN B e TR
X Plot of 1 point ]
il ()
u N )

Dataset: GAF-ASCE_088_86-ORR-v2 Incidence angle: 43.35°
Point ID: 0x2b8847560aa53 Track angle: -9.22°
Position: 45.577133 N 7.752542 E 13449 m Azimuth angle: 80.78°
Mean velocity: 3.17

Coherence: 0.84

a 14

TN 5 RS D

B0E80ELS

; 106

Displacement mm

, Legend across all datasets.
-10 1 —~ 7 % ; Limits are in mm/year.

| ‘ | | [ |

20150409 | 20151205 20160813 | 20170416 | 20171212 | 20180815 | 20190418 | 20191214 | 20200816

20150807 20160415 20161211 20170814 20180417 20181213 20120816 20200418
Measurement date

O Lines points |Nocurvefit v |-151015 v

| Generate SVG | Fit | View Data

e Vel PR Rl T G -
TS A , S ok AR o _
. FSEE e o . . WGS84 48.5772 N 7.7525 E 146.32 m

: "s‘ W Powered by NORCE Geo Viz | About data...
. NORCE © Norkart OpenStreetMap contributors
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http://dev.insar.no/#llh=7.74275947,48.57871040,2435.67075325&look=-0.08913326,-0.74986529,-0.65555877&right=0.99088293,-0.00000000,-0.13472571&up=-0.10102621,0.66158989,-0.74302929&layers=aerial,mapbox.satellite,GAF-ASCE_088_86-ORR-v2

* European Environment Agency:
— Project Manager
* Henrik Steen Andersen Henrik.Andersen@eea.europa.eu

— InSAR Consultant
e Lorenzo Solari Lorenzo.Solari@eea.europa.eu

* ORIGINAL Consortium

— Technical Steering Committee:

* Michael Eineder michael.eineder@dlr.de

* Mario Costantini mario.costantini@e-geos.it

e John Dehls john.dehls@ngu.no

* Alessandro Ferretti alessandro.ferretti@tre-altamira.com
— Project Coordinator:

* Sergio Proietti sergio.proietti@e-geos.it
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@ Next Events

Land
Monitoring Next events to date at which EGMS updtates will be presented:

ESA FRINGE 2021 31 May - 04 June 2021

IGARSS 2021 12-16 June 2021

Thank you!
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https://fringe.esa.int/
file:///C:/Users/proietti/Documents/PROGETTI/245.044 EEA - Copernicus - EGMS/DELIVERABLES/D1 Project Workplan/IGARSS 2021

