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GeoHazards Lab Initiative

Geohazards Lab:

A platform with federated resources to provide data access and an -
online processing and e-collaboration environment to exploit EO data =Easliee e
to assess geohazards and their impact

v' Supports and complements the CEOS WG Disasters Seismic Hazards
activities (on-going pilots, follow-on activities and the RO), Demonstrator
GSNL, GEODARMA and users from the broader geohazards
comrngnlty. . . CEOS WG Volcano

v' Maximize use of EO techniques and cloud processing by the Disasters Demonstrator

EO expert community

v Achieve acceptance of EO products by the non-EO scientific Geohazards
community and decision makers Lab
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(on a voluntary basis)

GeoHazards Lab | Contributions

Access to the Geohazards Exploitation Platform including: data storage,
processing software (INSAR and stereo-optical processing chains), e-
collaboration environment;

Man-power (staff & support under consultancy contract): scientific
animation and promotion of information and results; support to
coordination/governance.

Access to the PEPS platform & products (e.g. NSBAS InSAR processing
chain);
Makes available CEOS and GSNL Pléiades collections through the GEP

Man-power (staff & support contract): to support the scientific animation

and promotion of EO products and results
Shall make available CEOS and GSNL Cosmo-SkyMed collections

through the GEP (already done for the Nepal event supersite). Further
details TBD.

Higher level science products derived from Sentinel-1 and TerraSAR-X

data
Access to the automated Sentinel-1 interferometric chain

Geohazards Community

Geoscience centers with EO expertise
actively involved

BRGM [FR] provides in-kind contribution
(labor) and leads the Geohazards Office

CNR-IREA [IT] (via platform federation
activities about INSAR data processing)
CNRS EOST DSM processing and
optical image correlation [FR]

COMET [UK]

IGME [ES]

INGV [IT] (via the responsible of the
Geohazards Supersites and Natural
Laboratories initiatives)

ISTerre / Institut de Recherche pour le
Développement (IRD) [FR]

NOA [GR]

Geoscience centres following closely the
GLab activities:

= BGR [DE] (via SNGMS)
= NGU [NO]



Concrete objectives

Not on an emergency basis

Support the CEOS activities, the GSNL, GEO-DARMA and the broader geohazards community by
(i) providing data delivery, access to tools and hosted processing for geohazards assessment
and (ii) working on the standardization of EO products

On an emergency basis

Pursue and support the generation and distribution of advanced science products based on
terrain motion mapping, landslide monitoring, thermal signatures of volcanic eruptions etc.



Geohazards Lab —
Reporting on CEOS Work plan Milestones
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Objective Projected Background Information

Completion Date
DIS-19: Promote e- Q32019 Promote the concept of e-collaboration so that EO experts (as well as
collaboration for broader non-EO scientists that are newly introduced o EO) familiarize with EO
acceptance and use of EO techniques and products. The following activities have been foreseen:
techniques and products by circulate a brochure to promote EO services on GEP to the EPOS user
the geohazards community. community, develop a Terrain Motion Demonstration on GEP, identify

users as part of the GEP Early Adopter programme (intention to reach
100 users) and organize benchmarking activities to address capabilities,
drawbacks and complementarities of EO monitoring.

DIS-20: Pursue the Q1 2020 Identify a framework for standardization of geohazards related EO-
standardization of geohazards products to achieve acceptance by the EO community and decision
EO-products makers

» Brochure prepared and disseminated on how the Geohazards
Exploitation Platform supports users from the geohazards community
with cloud-based EO services (DIS-19)

» Terrain Motion Demo made available on GEP https://gechazards-
tep.eu/geobrowser/?id=terrainmotion_demo (DIS-19)

» Publication on benchmarking activities for landslide EO techniques and
services to be published (DIS-19)

» DIS-20 is on-going, a survey focusing on EO products and formats to be
circulated among geoscience centres within Q4 2019. Brochure



https://geohazards-tep.eu/geobrowser/?id=terrainmotion_demo

Integration of services

Q2 - Q3 2019

» Cosmo-SkyMed SNAP DInSAR service available: first service able to process
Cosmo-SkyMed data on GEP

» Sentinel-1 SNAP-StaMPS PSI service: integration at final stage
» Sentinel-1 P-SBAS service is available on the Geohazards Exploitation Platform

The service was tested over several regions and updates have been implemented to
the new version.

Upcoming:
» Integration of Volcanic Plume Elevation Model (VPEM) on PEPS to start Q4
2019 (BRGM)




Outreach and Capacity building
Q2 - Q3 2019
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» Capacity building exercise for the Central Sulawesi Earthquake-Tsunami
Reconstruction Plan, Jakarta, Indonesia to support EO4SD

» GLab and the Geohazards Exploitation platform presented at the IGARSS
conference in Japan (July 2019)

» Sentinel-1 SNAP-StaMPS PSI service presented at the @-week at ESRIN, Italy
(September 2019)

» Brochure on how the Geohazards Exploitation Platform supports users from the
geohazards community with cloud-based EO services

» CEOS webpage updated

» Paper (published): Monitoring geohazards using on-demand and systematic
services on ESA's Geohazards Exploitation Platform, IGARSS 2019

Upcoming:

» GlLab presentation at the MDIS Workshop in France (October 2019)

» SNAP-StaMPS PSI training to be organised for the participants of the MDIS
Workshop in France (October 2019)

» Paper (to be published) on benchmarking activities for landslide EO techniques and

services
7



Consortium:

Develop a Platform based on virtualization & federation of satellite EO data and

methods
Provide innovative responses to the geohazards community needs (services & support)

= On-demand processing services to address AOI-specific analysis

= Systematic processing services to address needs for “common information layers”

- Massive Cloud Compute power, managing multi-tenant resources

- Access to Copernicus Sentinels-1/2/3 repositories

= Access to 70+ TB of EO data archives (ERS and ENVISAT), and specific data collections from EO
missions, such as JAXA’'s ALOS-2, ASI's Cosmo-Skymed and DLR’s TerraSAR-X, provided under
special arrangements in the framework f the CEOS WG Disaster and the GSNL

Over 100 Early Adopters worldwide (primarily users from Europe, but also in Asia, Africa
and the Americas) from the public (mainly) and private sector.

geohazards
tep

eSa



GEP | Hosted Processing Services
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PEPS | French Access to Copernicus Sentinels
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What is PEPS?

 PEPS - Satellite data distribution platform for COPERNICUS Sentinel-1, Sentinel-2 et Sentinel-3
missions.

* Full temporal and geographical coverage(all the globe since the beginning of mission)
e Data volume : 10 Po (14 millions of products)
» Data download via dedicated interface or automated scripts
» PEPS online processing (e.g. S-2 atmospheric correction , S-1 rectification on S-2)

* PEPS also offers a capacity to host processing chains on a high performance 'cluster’

(‘CI"IES peps HOME EXPLORE PEPS-RSS MORE m | REGISTER

peps
Qo

FRENCH ACCESS TO THE SENTINEL PRODUCTS

PEPS : NOUVELLE VERSION

La version 3.1 de PEPS est désormais installée ! Nouvelle interface, amélioration de l'expérience en ‘
ligne, vous pouvez dés maintenant télécharger vos produits et lancer vos traitements dans les

meilleures conditions ! Retrouvez les dernieres infos sur le

https://peps.cnes.fr



GeoHazards Office Goals:

e Fullin line with the Geohazards Lab Implementation Plan

 Liaise with the geohazards community to promote their results when using the
Geohazards Lab resources

» Develop collaboration with experts to harmonize and improve acceptance of platform
based EO techniques

« Demonstrate and showcase hosted processing services for terrain motion mapping

Example of activities:

- Revival of the CIEST «Cellule D’intervention et d’Expertise Scientifique et Technique»
collaborative framework between research institutes - Rapid response to earthquake
events by e-collaboration within hosted processing platforms (GEP & PEPS)

- Co-Organization with Univ. of Strasbourg (EOST) of next MDIS (Mesure de la
Déformation par Imagerie Satellite) conference of the Form@Ter group (Oct 2019)

- Communicate scientific results obtained using hosted processing services

L @ hﬁeasctence for a sustainable Earth
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https://goffice.org/

Services:
SNAP-StaMPS integrated Sentml-l PSI

ESA SeNtinel Application Platform SNAP
Graph Builder Processing Chains
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Contains modified Copernicus Sentinel data (2018)



The goal is to create data processing pipelines to:

- Generate stacks of interferograms derived from Sentinel-1 SLC data
- Generate PSI time series with StaMPS out of those interferograms stacks

Interferograms stack data

processing pipeline PSI processing pipeline

For each slave paired with a defined master, the For each swath stack of interferograms, the
data processing pipeline generates one processing data processing pipeline triggers a StaMPS PSI

request per swath. processing request

zm i




Services:

SNAP COSMO-SkyMED DInSAR service

Develop & Harmonize

Expansion of SNAP services on
GEP to support TPM DINSAR
processing

CSK_Stack _CrossCor_Wrap_Ifg.xml
CSK_TopoRem_ML_FIt_Sub.xml
CSK_TC.xml
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CSK DINSAR results on GEP

Data via GSNL (ASI)

CSK ~7 months coherence
Name: SNAP CSK DInSAR Istanbul 20171023-20180503
Id:
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The iob was completed successfully.
[ Discovery feed for local data Totalresuts 4 = [ Total results 0 | @ selall| Zinv.sel. | [} © Remove all |5 Save The job was completed successfully.

No resul

:& Reproducibility notebook used for generating CSK_IFG_20150513T045138_20190529T045145_AS
NDING

Reproducibility stage-in notebook for CSK data for generating CSK_IFG_20190513T045138 20180 o
5297045145 ASCENDING @

Found layers in the result.

3 SNAP InSAR CSK - Interferometric coherance - 2019-05-13T04:51:387 2019-05-29T04:51:457

@ SNAP InSAR CSK - Interferometric phase - 2019-05-13T04:51:387 2019-05-29T04:51:45Z



https://geohazards-tep.eu/t2api/share?url=https://geohazards-tep.eu/t2api/job/wps/search?id=545bb721-76ce-4e10-9dbb-2b63a8b43d2f&key=3812dee2-330c-4a92-bda0-44a8d1224a1b
https://geohazards-tep.eu/t2api/share?url=https://geohazards-tep.eu/t2api/job/wps/search?id=10f67b55-7f4a-4708-a909-f54f1112fe16&key=4186cf66-58db-4948-a1c7-808811f32715&id=esaapp

ASI contributes to the Geohazards Lab by making available CEOS [Eaie Sl SS N GRIILLL

ESA archive
and GSNL Cosmo-SkyMed datasets through GEP. —— =
 The totality of GSNL data are available through GEP (on- Campi Flegrei 524

going process to remove any duplicated data) Hawaii 1090

e CEOS Haiti RO data are available on GEP Jestte I

 CEOS Seismic and Volcano pilots’ data to be integrated e 0

. . . . Marmara 563
(discussion on-going with ASI)

Nepal 657

San Andreas 446

» Simplifying data management: South Andes 702

Proposition to store COSMO-SkyMed data for CEOS and GSNL directly Tfi“po 240

on GEP to provide richer metadata, better manage the access rights and Virunga S

avoid unnecessary download (from ESA’s VA4) for processing. Haiti RO 300

» Two processing chains available on GEP for processing B
Cosmo-SkyMed Stripmap data (SNAP CSK and SBAS
Stripmap). Discussion to include services able to process = === B e
Spotlight data on-going. El Fr— e =

llllllllllll




GEP | Landslide app’

3 main services developed by CNRS-EOST Strasbourg

Developed for

Pixel-offset tracking

Master image Stave image
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Measurement:

Application: local to regional scale
Satellites: Sentinel-2, Pléiades and

VHR satellites (coming)

but can be applied to other objects (eg. Earthquake, volcano, glacier, etc.)

Automatic landslide detection based
on Machine Learning (Random Forest)

Y Y —
Supervised learning model i o
', (=) : Final 2o w IA
inventory bl
> : map | X7 g
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Measurement:

Application: regional scale
Satellites: Sentinel-2, Pléiades and VHR satellites (coming)

Digital surface Model

Measurement:
Application: local to regional scale

Satellites: Pléiades and other tri-
stereo VHR satellites (coming)

{ﬂ ‘ Ecole et observatoire

des sciences de la Terre

‘ Université de Strasbourg



Services:

Automatic Alerting System |
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New GEP functionality under implementation:
Triggering services based on geohazards events polled from external systems

» Automatic production of deformation maps and other VA products with different GEP
processing services

» Triggers are event-based components able to start specific data discovery,
ingestion, caching and processing workflows (USGS pager, @INGVterremoti twitter
feed, Copernicus EMS rapid mapping and risk & recovery feeds and
UNOSAT/GDACS disaster feed, Smithsonian / USGS WVAR)

> Publication of generated maps in a specific index in the GEP catalogue linked to the
originating event



Services:

Automatic Alerting System

"
i
e

» Triggered processing services

* CNES - DIAPASON InSAR Sentinel-1 TOPSAR(IW,EW)

 DLR - Sentinel-1 High-Resolution INSAR Browse Service

e CNRS-EOST - MPIC-OPT Sentinel-2 (Mutiple Pairwise Image Correlation of
OPtical image Time-series)

» Potential future additions

* CNR IREA - P-SBAS Sentinel-1 processing on-demand
« ESA- SNAP Sentinel-1 IW SLC Interferogram and Displacements



Services:

Automatic Alerting System — USGS Pager

» Already in operations since July 2019
» Automatic trigger based on USGS pager alerts

* Productions with Sentinel-1 based DLR INSAR Browse and DIAPASON TOPSAR services are triggered
for each earthquake with a magnitude > 5 generating pre-, co- and post-seismic interferograms

* Production with Sentinel-2 based CNRS EOST MPIC-OPT service will be started in October for Strike-Slip
Fault Earthquakes

» Available to GEP Early Adopters in a dedicated thematic app
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https://geohazards-tep.eu/geobrowser/?id=usgs-pager-trigprod-app#!&context=Earthquakes

Services:

Automatic Alerting System — USGS Pager
P

» Example: The July 6th, 2019, 03:19 UTC Mw 7.1 earthquake in eastern California, southwest of
Searles Valley
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Services:

Automatic Alerting System — USGS Pager
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» Example: The July 6th, 2019, 03:19 UTC Mw 7.1 earthquake in eastern California, southwest of
Searles Valley
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DIS-19:

Terrain Motion Demo

Promote use of EO for Geohazard applications

Demonstration of Ground Motion Services’ products on different sites
based on different terrain motion techniques using Optical and Radar
data and publication on GEP.
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Processing Services

Providers of the EQ sector are sharing their products on GEP in the framework
of the Gechazards Lab initiative: visit the Terrain Motion Demo In the
Community area

[P—

o

Geohazards-Tep

@esa_gep

Follow | ~

On the blog: Providers of EO sector sharing
their Terrain Motion demo products on GEP -
@CEOSdotORG Geohazards Lab initiative

B = Providers of the EO sector are sharing their products on G...

In a CEOS initiative fo promote and harmonize EO techniques for
gechazards, service providers such as PLANETEK, TRE
ALTAMIRA, GECMATIC VENTURES, GAMMA REMOTE SENSI...

10:49 AM - & May 2019




DIS-19:

Terrain Motion Demo

Geohazards
Earthquakes, Volcanoes,
Ground subsidence &
landslides

EO satellites
Sentinel-1 & 2, Envisat,
ERS-1&2, TSX, CSM,
Pléiades...

Providers

DLR, INGV, EOST, TRE-
ALTAMIRA, GAMMA,
CNR-IREA, Planetek,
BRGM...

Ground Motion
Processing

Diapason, SNAP, MicMac,
P-SBAS, MPIC-OPT,
GAMMA, PSIinSAR®,
SqueeSAR®
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3
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Sulawesi Earthquake

A lides, Italy

Sentinel-2 | CNRS-EOST -1 | TRE Altamira
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% 9 GeoHazards Office | Revival of the CIEST initiative
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“Cellule d’Intervention et d’Expertise Scientifique et Technique (CIEST)”

From satellite platforms to geophysical knowledge:
rapid response to geohazards in seismotectonics

Collaborative framework between research institutes of ForM@Ter group

Community building at the French level:

CNES, BRGM, IPGP, CEA, CNRS (ENS Paris), EOST, Uni Grenoble,
Uni Clermont Ferrand (other)

For generating geophysical knowledge using EO processing platforms
(but not limited to, e.g. modelling & value added maps)



GLab activity

Animate & Communicate S%Le‘nti

3 EUROPEAN SPACE AGENCY  ABOUTUS  OUR ACTIVIFIES — CAREERS AT ESA
sentinel-2

SENTINEL-2

SENTINEL-2 MAPS INDONESTA EARTHQUAKE

FORMEDIA FOR EDUCATORS  FORKIDS

50°5

Or Velkaniatls Saliris @ 2018

Dispiacement from Senlinel-2 lmagery
Processed with MPIC-OPT - Geohazards TEP
Earthquake sequence epicenlers from USGS
g g, 5

in #Palu (Flr
Mfice with

wjuake Mw 7.5 : #5entinel1 from i
s to produce a second map of the displacement field generated by the
e in i i, 2018-09-28) within the frame of the

@ EO OPEN SCIENCE m .

Monitoring #wildfires in #SouthKorea
@DisastersChart with Sentinel-2 data from
the @CopernicusEU programme. A fire spot
could be captured near Okgye-myeon on Apr
5, 2019 using GEP services COMBI and
STEMP-S2 developed by the providers of
ESA’s GEP platform @esa_gep.

#EO4saociety




Geohazards Lab | Scientific Advisory Working Group
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»

A scientific advisory Working Group (WG) is set up

Purpose: Work on the definition and harmonization of EO products for geohazards
applications (terrain motion mapping, landslide monitoring etc.)

« Maximize use of EO techniques and cloud processing by the EO expert community
* Achieve acceptance of EO products by the non-EO scientific community and decision

makers
« Facilitate interpretation and improve understanding of EO products (and derived

information) by end-users

@ Geoscience for a sustainable Earth ‘
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v’ 2"d meeting of the WG held in May 2019 at Milan, Italy (during the LPS 2019)
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GLab Working Group | Addressing Standardization Issues
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« Afamily of techniques (Image Matching/Correlation or Offset
Tracking) not yet properly addressed in terms of standardization

Sentinel-2 derived displacement field of the 2018-09-28 Mw 7.5 MINAHASA, SULAWESI, INDONESIA earthquake
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DIS-19/DIS-20 : GLab — EPOS collaboration

T

Proposition of collaboration between GLab and EPOS sent to EPOS TCS Satellite data:

* Inviting the EPOS community to discover and use EO processing services available on-line through the GEP
platform. A Terrain Motion Demo and a brochure describing the GEP services is available (see image) to help users
familiarize with cloud-based processing services.

» Sharing with the EPOS TCS Satellite Data, guidelines about the standards associated to EO based terrain
motion measurements and take on board their views.

This proposition aims to foster:

= federation of EO cloud-based
processing resources

= proader use of EO hosted
processing services based on
common standards

= interoperability of results obtained
by different services and data
providers




Conclusion

Tools and services: chain able to process Cosmo-SkyMed data available (currently
being tested); USGS Pager triggering automatic production of deformation maps
available; Terrain Motion Demo available (regularly updated)

The totality of GSNL and CEOS RO Cosmo-SkyMed datasets available through GEP

Promotion and capacity building: Brochure, presentations in International conferences
and workshops; training sessions organized in Europe and Asia; CEOS webpage updated;
a number of presentations and trainings are foreseen for October 2019 and 2 papers to be
published within 2019-2020

2"d Geohazards Lab meeting held in May 2019

Survey to support the standardization and broader acceptance of EO products under
preparation




Single access point for:

providers (ICT Providers hosting collocated EO data)

providers (built on top of a resource tier provider)
Addressing:

Any user world wide requiring for any reason Resource
Tier or Platform Services (e.g. Science, Development, Pre-commercial and

Commercial) who funds the consumption themselves;

(Science, Development, Pre-commercial) by ESA and

other entities via Announcement of Opportunity
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Sponsorship Application Pre-

requisites —
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User proposals for research, development or pre-commercial which are of a
scientific or value adding nature or which contribute to the goals of the ‘EO
Science for Society’;

Users must be independent of the Resource Tier or Platform Tier providers
from which they ask resources;

Users algorithms or platform services architecture should ideally show
efficient use of resources (e.g. dynamic allocation of resources);

Users intent to publish a paper / poster acknowledging the ‘sponsoring' that

was provided by ESA or the external cost waiving entities, promoting both
the ‘Network of Resources’ as well as the used resource/platform providers.

Users should have a nationality or be appointed at universities from ESA
Member States contributing to EOEP5. Exceptions can be made for
valuable international cooperation activities
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Application Evaluation Criteria

- ;"; P
Y =

i
e

« The following criteria will be used to assess the proposals:
« The merit of the project from a scientific viewpoint
« The merit of the project from an engineering viewpoint:

 the technical feasibility of hosting the proposed project within the
available

e resources and support framework
« readiness of the PI core application for integration within the system

* maturity of the proposed experiment (linkages to already ongoing
projects)

« The adequacy and practicability of the schedule presented in the

proposal to complete the project and achieve positive results before the
end of the call
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Additional Iinfo

Schedule:

* NoOR Portal to be put online by Q4 2019 for Resource tiers
 NoOR Portal to onboard Platform services on Q1 of 2020

Sponsoring application form already available via Open Science Earth
Observation (OSEO) call:
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https://eo4society.esa.int/2019/06/07/network-of-resources/

Thank you

Geohazards Lab:

Philippe Bally, ESA philippe.bally@esa.int

Theodora Papadopoulou, ARGANS Ltd. ¢/ ESA tpapadopoulou@argans.co.uk
Floriane Provost, ESA floriane.provost@esa.int

GeoHazards Office:
Michael Foumelis, BRGM m.foumelis@brgm.fr
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