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Challenge
The continuous provision of useful, accurate N
and timely information through coordinated "~ X

and sustained Earth Observation together with o'

INSPIRE data, Copernicus, and GCl information “ - _//
—’ 4
is a key enabler for informed decision making, D’
in response to global and regional challenges
and towards the achievement of the UN SDGs

and the implementation of the

relevant EU and Global Directives for Societal
Benefit including the Sendai Framework for
DRR, Paris Agreement to combat climate
change

Big Satellite Data for Global Emergency Response and Decision Making
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Challenge

To efficiently process big volumes of satellite, in-situ, and crowd
data provided from Copernicus Sentinels and third party satellite
missions but also low cost sensor networks and media, providing high

spatial and temporal resolution ranging from centimeters to up to a
few meters on the ground

Big Data: More than 110 TiB of satellite data are acquired
only in one month, a volume that is equivalent to the entire
7-year archive of the Envisat mission

Building upon the efficient employment of High Performance Cloud
Computing (HPC) resources, Datacubes/ Array Data Bases, and ML/AI new
capabilities are available for the effective processing of big data to
estimate with high accuracy the ongoing physical processes, derive
information from data and lead to a data driven decision making

Big Satellite Data for Global Emergency Response and Decision Making
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Addressing the Challenge

We established the Center of Exellence BEYOND, hosted and operated at the premises
of the National Observatory of Athens, providing services to Copernicus EU Space
program and Global Institutional Users in the domains of Natural Disasters, Energy, and
Agriculture, through real time web based services such as FireHub, FloodHub, Emergency
Management Service Risk&Recovery, EFFIS, geObservatory, DustHub, SolarHub

BEYOND THEMATIC AREAS WEB SERVICES

The services offers to the
communities of citizens
and civil protection
authorities ready-to-use
information products, but

also data analysis and data e e

i i BEYOND Center of Excellence covers GreekHUB
processing solutions on S .
HPC cloud environment el

Coordination
-Research

annracl/cantinale.araabhih

Big Satellite Data for Global Emergency Response and Decision Making -
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2006-2010

model *
o Fires
oM Expert

RHMS, TUBITAX,
NILU, BSC, ISAC.

Meteorological

and human

Atmospheric

Perturbations &

air quality

Exploitation &
Dissemination
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Infrastructure of Satellite EO Data Collection

for EQ Sciences and Services

' FY-1/3 (China)
4y 3 "
«* R 2 Terra
@ =< !, METEOR 3M (Russian Federation) NPP
GOES-R S| 850 km 29 Jason-1
.A;“:, of @ GOES-R tOkean series f
e e N {USA) . 8 q
X S 135°W ¢
Aqua ’
QuickScat N GMS-5/MTSAT-1R
> 2 (Japan)
2 }'-_(’ 140°E
e (355 )
SUBSATELLITE W3 000 "m“ COMSAT-1 o
POlNT (o] / e o 130 ST o~ ~f 8 eﬁ) - ‘
5 j \ /' e a0z o3
= - { "‘ § -nm-
_=. H :\i\ \") \. 19 .
P 1) \\g\" o 1vee
SRS AN R 3 \ \ =
ENVISAT/ERS-2 Suauss¥s ) \\/ = o
METEOR 3M N1 o°Longitude N . INSAT

SPOT-5

(Indiasss

OtherR & D

oceanographic,

land use, Tk

atmospheric chemistry ") ) i

and hydrological missio) £rce.A

TEERa

SATELLITES OF POLAR ORBIT, X-/L-BAND - o . o= 200 -
30078 ARCHIVE — SERVICE 24/7 gl .

Big Satellite Data for Global Emergency Response and Decision Making



CIRSA 2019 EARVH T

Infrastructure of Satellite EO Data Collection

N
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COPERN SDATA HUB

INTHUB #1

COLHUB #3

DIASHUB #3
AfricaCastHub

S-5p PreOps Hub
S-Sp Expert Users Hub
TMPHUB #1

HNSDMS

60 VMs
storage: 800 TiB,
680 CPU cores,
2.2 TiB RAM

A 550 TB network

s € filesystem for storing >
| Distributes 55 TB / Day 500 thousand Sen.tlnel
IoIrE]  Operations 24/7/365 products at any time

http //sentmels space.noa.gr GEANT 500-700 Mbps

Big Satellite Data for Global Emergency Response and Decision Making
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GOPERNICUS DATA HUB

Operations Center
hat's coming in

On average:

~20K products (13TiB) / day or
~600K products (390TiB) / month
~2 Gbps

i \HMHhmnhn\\\\Mmmnwn -

Whats going out

h'l

On average:
~80K products (50TiB) / day or

~2.5M products (1.5PiB) / month
~6 Gbps

Products downloaded (count)
125K
100K .
.75K| | || I|
0
81 8/16 9 9/16 101

ColHub
DIAS Hul
= IntHub
S-5P Pr
S-5P EXpHi

80 VMs
storage: 800 TiB,
680 CPU cores,
2.2 TiB RAM

Distributes 55 TB / Day
Operations 24/7/365
GEANT > 2-6 GBps

Big Satellite Data for Global Emergency Response and Decision Making
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BEYOND Ecosystem (Services, products & infrastructure)

X-/L- Band S
i pace based —
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i daily/weekl
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updates of flood Acci mi' ati
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= L Aerosols, smoke Processing chains
- plumes, toxic f |t |
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Mirror oS
Slte Data Anaysis,
Processes
Monthly or event
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UAVs, Satellite, UAV post- FEVEIGH assessments of
Sensors disaster precise ground defor~—~*=mc Esas Coll Hellenic
mapping of damages due to land -l % * Data HUB Mirror Site
- = |
Archiving/Proces G . _ =
sing Disaster ulti-hazard risk —]
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EYOND SERVICES FOR
DISASTERS
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WildEire
Monitoring &
Management

Service
based on EO

FIREHUB

SYSTEM

Real Time Monitoring
Crisis Management

; Situation Awareness

T <2 Picture

Big Satellite Data for Global Emergency Response and Decision Making
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10 August 2018

Deadly
fire

Big Satellite Data for Global Emergency Response and Decision Making
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Preparedness, Vulnerability and Risk Assessment, Recovery, and Mitigation Planning Services
have been delivered to > 20 Civil Protection Authorities worldwide

- SARDINIA,
L A ITALY

v oMMl TACNA, PERU Q ST. MARTIN&ST

BARTHELEMY
ISLANDS, FRANCE

DEMOCRATIC
REPUBLICOF
THE CONGO

Big Satellite Data for Global Emergency Response and Decision Making



el

s

o
P for EQ Sciences and Services

é.ﬂx.ﬁv!‘im‘,%
& S 3 -
%, AR § ——
INSTITUTE OF COMPUTER SCIENCE U % TIAASARS Centre of Excallence

BEYOND EO CENTER SERVES COPERNICUS EMS:
PREVENTION - PREPAREDNESS - RISK ASSESSMENT - RESPONSE - MITIGATION

Thousands of
Vulnerability,
Hazardand
Damage
Assessment Maps
and Reference
® (Asset) Maps have
EQRisk & s | e 9 o been deliveredin
RS F A T 2 the scale of 1:5000-

1:10000, for a
large portfolio of
disasters

Flood Risk

@ ' Coastal @
Erosion Risk

Technological hazard:

Industrial accident
Tsunami

@ andStorm R e Industrial
Risk HoTT (288 g, s Accident Risk

Avast portfolio of disasters: fires, floods, draughts, water
scarcity, landslides, EQs, volcanic eruption, tsunami,
epidemics, industrial accidents, storms/typhoons, etc.

Big Satellite Data for Global Emergency Response and Decision Making
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BEYOND EO CENTER SERVES COPERNICUS EMS:
EUROPEAN FOREST FIRE INFORMATION SYSTEM (EFFIS)

COPERNICUS

European

el Emergency Management Service

@pgm!%

European Commission > JRC EU Scienoe Hub = DRM > Copernicus EMS > EFFIS > Applications > Current Situation Viewer

Nc!herla'\ds Y S

FIRE DANGER FORECAST (3]
Source ECMWEF (16 km res.) E’

Fire Danger Forecast

e ; (ECMWF/FWI)
Index Fire Weather Index (FWI) Ey : BN Ukraine
e < X D . h, Very Low Danger
Sep (5] &](z] 8] s )[10){n]) (2] s S 8 e / M“{“’V" Low Danger
: ~ 5. Romania :mg:'e ?:nge'
Rapid Damage Assessment ( o

I Very High Danger

Select a date-range I Extreme Danger

| tast7dd. || Last30dd. Last 90 dd. Active Fires MODIS
) n
=) Fire Season @ Older than 90 Days
From: 29 Aug 2017 To: 05 Sep 2017 @ Last 90 Days
® Last7 Days
ACTIVE FIRES (i] § Lo
MODIS VIRS Active Fires VIIRS

BURNT AREAS (i) ¥ Older than 90 Days

r"
mmamuuuam

MODIS VIRS v Last90 Days
Fire Severity Vv Last7 Days
v Last1Day

300 mi 1 Edlily vvdarrnrn i\ i
300mi | G 25 Corem® Bt Areas MODIS

Analysis Tools W Map » data ©2017 G&W

L M,
=sam

i

DAILY ACTIVE FIRES & BURNED AREA MAPPING OVER EUROPE, N. AFRICA, M. EAST, BALKANS

Big Satellite Data for Global Emergency Response and Decision Making
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1. Build upon the knowledge emerging from historical events

2. Process long archives of satellite and attribute data

3. Create long time series, and geo-Data Bases, of environmental
essential parameters, e.g. Burned Areas, Water Bodies, Land
Surface Temperatures, Air temperatures, Vegetation Indexes,
Precipitation, Soil Moisture, Evapotranspiration, Cloud Coverage,
Aerosol Optical Depth, to mention a few

4. Perform analytics of data and correlate with reported damaging
events and extreme situations (e.g. fires, floods, epidemics, heat
waves, solar irradiation)

. Real Time Monitoring
Early Warning : .. N
Risk and Recovery & Crisis Management
European Forest Fires
Mitigation Measures Situation Awareness
Information System Bicture

Big Satellite Data for Global Emergency Response and Decision Making
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"Mservatory of Athens . Event
Logo

Continuous offer to the Saentific Research since 1842

Greek General Secretariat for Research and Technology

| DIACHRONIC INVENTORY OF FOREST FIRES OVER
GREECE FROM 1984 TO PRESENT, WITH USE OF
I.ANDSAT 4 5 7 SAEI.I.ITE DATA

Big Satellite Data for Global Emergency Response and Decision Making
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Historical Analysis of flooded areas in the Arachthos river basin for the

needs of the Public Power Corporation S.A. Hellas (DEH AE) over the

past 5 years based on Sentin | 1 data (Hellenic Mirror Site)
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“YFLOODED_AREAS
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“DRAINAGE_BASINS
Overlays
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CLC 2000
Base maps

®BingMaps

Observation Info:

@ Time: 2015-06-14 16:31:35
@Loc: 21.08 E, 39.25
F N
3 o Flooded Area (ha)
142042 375

need io draw) v || Reload Map |

[ Max Fiooded Avea Per Monin

% e e Vo )
- Floods Monitoring Service based on Sentinel-1 Data / & 3 1200
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Moving towards integrating Datacubes = Central Building Block
for next-generation “analysis-ready” services

Expert User Visual Analysis Tool Bl
Map Control: | Settings | Subset: Chart: Product Controls Info
L) ) S o Wl @) “295 = B\ From: ¢ Jonuary 2002 <)
@ *EA $ ‘ %ﬁV T ) \_,;n g;,o Q To: 13 November 2013 5
P Lay ibze Cherts o ember Al
oo sz | e it ol e e Pt s i

"‘"“l’“
2 )368‘”2,5 2003/5/29 2004/ 9i/18 200695713 2007/11/3 2009/4/27 010/10/19
0.5000
& WMo

0.6000 ] k‘q »

s % | =
0.4000 1% F“z\ f ﬁg@,ﬁ”f $ r‘i?‘i ry&; 1’ & ¢ '3,
e Y UN VY Mo VYUY *w_ \ si.f.;xm
CDEeg"‘/V‘ 2003/5/29 2004/ /18 200645713 2007/11/3 2009/4/27 010/10/19 Datacu bes treat aII

axes alike, irrespective
of an axis having a
spatial, temporal, or
other semantics

@ European Space Agency (ESA)

Big Satellite Data for Global Emergency Response and Decision Making
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1. Generate cloud based workflows and perform complex operations
on distributed HPC, enabling the processing of big data e.g. 2-10

Tbytes of satellite data in only one iteration pass
Examples from ongoing research projects and services showcase that:

1. 2,5 TB of Sentinel-1 data (corresponding to a subset of a full image
frame) consists the minimum data that is needed to perform one
Interferometric pass for Ground Velocity Assessment in a rather short
period of 2 years

2. 6,4TB of S-1, and 3,2 TB of S-2 data are needed to perform one
processing pass for segmentation, and SVM crop classification at
parcel level over the entire Korea and only for one farming season

Early Warning
European Forest Fires

Information System

Risk and Recovery &
Mitigation Measures

Real Time Monitoring

Big Satellite Data for Global Emergency Response and Decision Making
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" Real Time Monitoring
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geObservatory | Cloud based and Scalable DinSAR Solution

Pilot context:
Automation of a
demanding processing
chain, using big stack of
Sentinel-1 data (download
S-1 data, pre-processing,
generation of
interferograms & ground
velocities).

For 2 years of

approximately 2,2 TB.

S-1
(Ascending & Descending)
over a single pilot area,

¢ Generation of

\_ 2nd part)

stack (Input for the

S

4 4
st -
} t% Ground
Interrerograms velocities
4 ™\ 4
* Select and * Data Preparation
\__| download \.| for StaMPSv4
Sentinel 1 SLC ¢ StaMPSv4 Parallel
data processing
* Run ISCE s/w ¢ StaMPSv4

aggregation and

final processing
* Generation of

ground velocities

‘\

3rd part:
Update
landslide

inventory

* Transform ground
velocities into new
landslides

* Update the
Landslide inventory

4th part:
Updated
susceptibility
map

* Execute the
enhanced landslide
model

* Generation of
updated
susceptibility map

Big Satellite Data for Global Emergency Response and Decision Making
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geObservatory | Kilauea volcano, Hawalii

v’ Intense micro-seismic activity in the wider area of the Kilauea
volcano in Hawaii occurred during 26/4-2/5/2018.

T R
. 0 1K o - N
v Suddenly, on Thursday 3/5 a volcanic crack appeared near the e Y, g \,)_ e / .
road network in lower Puna region, from which lava and hot | = 7/, "/ /¢ = e J\‘Kapoho '
steam appeared. The Civil Protection instructed residents of the |~ J/ /7 Jilenavae) \ . < J/J i ) 7@)
Puna community (~10,000) to leave their homes immediately. DL /, ,’.,5_.? X2 S
Pahoal £ ¢ {4 5 SO e
v’ On Friday, May 4, 2018, a powerful 6.9 earthquake hit Puna, the |} Q L 80 <
largest in the past 43 years. /IR \ ~ ., 36 3
. . o ~Eilani f | ’-\(‘ o / = s
v' By May 27, 2018, 24 fissures had erupted lava in or near the |teads ? 1EstatL ;‘ ”?\o"f P N
Leilani Estates and Lanipuna Gardens subdivisions. LA [ L | L/ c,‘b/\g - /
\) Pohoiki
. . RGN
v’ The Puna Geothermal Venture, which provided one-quarter of Afea_ oo (’\K .,‘,f%”” >
the island's electricity, was forced to shut down and was later ,! 3 SV @/ 7
damaged by lava. N 4
70, 2 IR A 4
v/ By August 7, 35 km? of land had been covered by lava flows. The [ =~ \\% | ) Opinikao Wit 5o

eruption had almost completely subsided, and on December 5,
it was declared to have ended after three months of inactivity.

v Recovery efforts would cost more than $800 million

Early Warning
European Forest Fires
Information System

Risk and Recovery & Crisis Manage

ent
Mitigation Measures Situatlon Awareness

Big Satellite Data for Global Emergency Response and Decision Making
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Type: co-seismic

Master: 2018-04-23 16:15:24
Slave: 2018-05-05 16:15:25
Orbit Number: &7

ISLAND OF HAWAII, HAWAII
(2018-05-04 22:32:57)

Mode: DESCENDING

Earthquake location: ISLAND OF HAWAII, HAWAII
Magnitude: 6.5

Depth: 30 km

Time: 2018-05-04 22:32:57

Coordinates: 19.39,-155.41

Type: co-seismic

Master: 2018-05-02 04:30:26
Slave: 2018-05-08 04:29:48
Orbit Number: 124

Mode: ASCENDING

Type: pre-seismic

Master: 2018-04-23 16:15:24
Slave: 2018-04-11 16:15:24
Orbit Number: 7

Mode: DESCENDING

vvvvvvvvvvv

Type: pre-seismic

Master: 2015-05-02 04:30:26
Slave: 2018-04-20 04:30:26
Leaflet, ® Open StreetMap contributors Orbit Number: 124
Mode: ASCENDING

geObservatory | Kilauea volcano, Hawalii

- Intense subsidence at the top of

Download (TIF) Download {Low Resolution) Preview

the volcano as magma material
moves along the East Rift Zone

Dowmioad (T1F) Download (Low Resalution) previe@N €SCAPES tO the eastern edge

of the fault. The maximum
deformation along this zone,
located between the top of the
volcano and the area where the
lava was firstly observed, is
apprOX|mater 60-70 cm.

23/04/2018 - 05/05/2018
Descending track, Sentinel orbit 87

e | Risk and Recovery &
2t FIlEs Mitigation Measures
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2. Speed up the process using ANN to enable millions of model
simulations in one minute and address dynamic phenomena

Solar energy nowcasting & forecastlng

o SURFACE TOTAL SOLAR IRRADIANCE
02/05/2019 04:00

Satellites (MSG4,Sentinel GOME2)

@ Ln G
COT, CT, CP, TOC, WV, EL

Models (CAMS)

, Real Time Monitoring
arly Warning
i Risk and Recovery & Crisis Management
_—urgpean Forest Fires e e
Mitigation Measures Situation Awareness
Information System N Picture
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2. Speed up the process using ANN to enable millions of model
slmulatlons ln one mlnute and address dynamic awareness

> O B @ www.arcgis.com/ss ¥ Y 7. © -~ Avdhuonng mAnppipag otn Sutikn Attiki otig 15/11/2017
Analysis of the flood in west Attica on 15/11/2017
AvdAuon Tng TAnupUpag o dutikn ArTiki - Flood analysis in west Attica (15/11/2017) Q 2 37 DSaE; #9 2 AOTOUNE 1,226 & 30 Acrropdone; Foriis ioanTons e e Actecnzos 1314 & 3 ecc e
i) i ng OBnyieg xa n Maparroys 1,2,3,4 & 5 - i) For the Instructions and the References 1,2,3,4 & 5 5 T
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The hubs have different data offer policies in terms of:

O

o o o o o o o o o o

Missions and products per sensor
Geographic coverage
Concurrent downloads

Atmosphere Monitoring
@ Climate Change

Emergency Management
@T;’; Land Monitoring

(2_ Marine Environment Monitoring

Rolling policy ® ‘
User types served "‘ oo © ety
Downloading speed bl Sentinel
g spee . PDGSs og
Data Integrity o 3Nt Colehorte Ground Segmets. ey &
Published products HNSOMSreee, s seinelssace g
Response times Y COE0 Gy oo '
Availability ¥ Fnk Finlan, it i enices sice inu o) +(" = S( j@“ — @
Product latency ¥ Do France oo cnes ot

European Forest Fires

Early Warning Risk and Recovery &

Mitigation Measures

S tuatlon Awareness
Picture
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1
|
Collaborative Back-end interfaces |
I
The seﬂtlﬂe| Data Hubs | SS I
I NEXTGEOSS Data Hub |
Data Search and| O= | -
% ! Data Hellenic Mirror Site : Front-end interfaces
Access Englne | synchronization I
@ | S , Users
= |~ g - " o®
o [4S| & N
developed in : i > e
I\ Metadata Direct dowpload service
BEYOND @25\‘3\ ‘. catalogui I
\ ——— -
Ad q h \\ | OpenSearch I
opted as the S| ODatalL = — — — — -

solution for the
European Data Hub
Cloud Platform
NextGEOSS

REST-based Protocol
-—mm o o

Core Copernicus Hubs

s sy
G | Yo

725w
Bl

Open Hub APT Hub 5-3 PreOps Hub 5-5P PreQps Hub

A
ﬁﬁg}g
‘i:;_

Early Warning

r
European Forest Fires

Information System

o N W

Risk and Recovery &
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FIREHUB: A SPACE BASED HUB OF FIRE MANAGEMENT SERVICES

MID AND LONGER-TERM
UPGRADES

Early fire detection and real-time fire s :
monitoring

MID AND
LONGER-
TERM
UPGRADES

| Rapid Burnt Scar and Fire Severity
« | Mapping during crisis

Detailed Burnt Area Mapping and
Damage Assessment

Diachronic Burnt Area Mapping and
Damage Assessment

http://ocean.space.noa.gr/FireHub

Big Satellite Data for Global Emergency Response and Decision Making
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FIREHUB: A SPACE BASED HUB OF FIRE MANAGEMENT SERVICES

" ﬁ" i1 : MID AND LONGER-TERM
: 3 ) L e /%RADES
1% W L8 2 SHORT-TERM
g 2 UPGRADES

Jp—
| .
B Yo
E e TERM
‘‘‘‘‘ UPGRADES

PATENT

INDUSTRIAL
PROPERTY
ORGANISATION
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FIREHUB: BURNED AREA & DAMAGE ASSESSMENT MAPPING
(RUSH&NON RUSH MODE)

i-—~ Burnt avme x
~ 1 y GREECE - Attica, Northern Part
Forest Fires
Bt Arwen < Augont 14, 2000

Agcae
forew Wt
St

- ~~~

4 1 Sensor agnostlc (SZ 53 MODIS VIIRS, FY-3)

4 sﬂ_ (Red Green, NIR, SWIR bands) B

| 2. Scalable and transferable regardless area’s
N Iandscape, appllcable from IocaI to EFFIS AOI =
Y 3. Multi-Sensor Data Fusion & Large Scale =
o Hlstogram Matchlng Technlques =
:"»\tf 4 Integratlon of diverse mdexes to characterlse ;}.
Burned Area Severity e

AT AGER i SN

5. Comblnes Index leference Images with Level
Set Methods for accurate fire extent mappmg

METHODOLOGY ADVANTAGES \, .

—— e

fw“"\ 3

N SR
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FIREHUB: INNOVATIVE EARLY DETECTION A

Raw resolution:
3.5x3.5 km wide pixel

Refined resolution:
0.5x0.5 km wide pixel

Increased Spatial Resolu

rti/cm of

Fire Monitoring by 50 Times —
(500mx500m) — Multi Source Multi
Resolution EO Data Fusion in RT

o J
4 N s
Meteo Data Fu[;IeT\?Igzg & Geographic Fl:;ijzlrlie:;
(Wind Historical A§pech: Assimilation
Forecasts Altitudinal .
) . Assessments with RT
direction, of Fuel Zones, SEVIR|
speed) Vulnerabilit Slope/Aspect Observations
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Reglonal Real Time Fire Monitoring - NOA’s MSG SEVIRI Station — Raw Resolution mode

AliveriEuboea Fire

7aharo Fire

Korinthos
Fire

Parnon Mt Fire

SEVIRI MIR 070823_1030 UTC oo
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Fire Smoke Dispersion Service

B E § 0 N D :Zw A FireHub Module
FI-EXPART — NOA OSLAV “EPU{{E!\C\QF '»’

Biomass Burning (Organic Carbon - OC)

¢

| KENTRIKI
MAKEDONIA |
\ L

N, o NSRS
P Rores At
LGS MaKEDRN

7 o
A Kozani
i

|, p
Thessalonlki /

Valid Date:26-08-2007 0900UTC
Model layer: Integrated Column

AGIO/QROS (;anakkale,/’

VOREIO &TGA1O]

¥

Sea Iytilens o

=
©Athens T

N
%)

¢

A

Ermotpolis
o

-- <

Sea of Crete

Hania
°

<, plraklio .
e

20°E 22°E 24°E 26°E 28°E 70

20

0.0

/o2 _Bandirma®\ "
: e

(T,
» %,

A

—_— %
IAASARS 2

ST
%,

4 &
WA

~ Select Runs

) N Liileburgaz
/ N

Corlu i 7
™ yma stz Fri, 17 Jul 2015 08:15:00

Ny Istan ;
GMT

|ﬁl V== |

Ge

Search for Flexpart Forecasts ]

g

B 5 Show Available Forecasts

17/07/2015 16:00:00 S| dati

17/07/2015 15:00:00
17/07/2015 14:00:00
17/07/2015 12:00:00
17/07/2015 11:00:00
17/07/2015 10:00:00
17/07/2015 09:00:00
17) (g 2015 08:00-00
10/(%/2015 10:00:00 |
06/07/2015 02:00:00 T

< Salihli
5 o
Turgutly, =

Hd WA UVTRUTER T W GE S NG E LAY NS
3 Mugla % A g 7 i

Fethiyer
0

Rodos
o

NOTUXAIGAIO

I N

40.58, 25.27  40.71,25.54  40.83,25.82 40.96, 26.1 40.46, 25 40.58,25.27 40.71,25.54  40.83, 25.82 40.96, 26.1

Big Satellite Data for Global Emergency Response and Decision Making




ol < FORTH @ @ BEYQAND

INSTITUTE OF COMPUTER SCIENCE u;,,i,éj\\&é TIAASARS

"’74 SO \@“

for EQ Sciences and Services

FIREHUB: RT FIRE MONITORING COMBINED WITH BURNED AREA
MAPPING IN RUSH MODE

Day #4 Sentinel-2 HR-10 m

23°620"E 23°54'0"E

Day #1
NPP-VIIRS

MR=375m
20170817 11:14

Day #2
MODIS-Terra B

MR=250m
20170818_1055

Day #3
NPP-VIIRS
MR=375m

Detection - Monitoring
Active Fires - Resolution 500 m/5 minutes

Detection of active fires Perimeter of burned area Perimeter of burned area
using FireHUB Medium Resolution(250p) High Resolution (10p)
T1 Day T T3 Day
l T2 Day l T4 Day
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FIREHUB: DETAILED BURNED AREA & DAMAGE ASSESSMENT MAPPING
(RUSH&NON RUSH MODE)

Very High Spatial Resolution (3,5 cm)- Daily delivery M
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U S Masks

MULTIPLE INDEX INTEGRATION PROCESSING CHAIN (BLOCKS 1, 2,3)

. BSM Segmentation

Datel Date 2
Pre-Fire Post-fire

Geometry

correction

Synchronizer

'
1
1
1
1
1
i
i
i
i
i
i
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it
i
i
a
i
i
i
1
1
1
1
|

Calculate

Date 2 indi
g

prefire — postfire

Filter Data

D ED 0 2D

-

Difference
Image

Weighted difference
Image calculation

i Fusion BSM Product
; Database System

NOA_BSM ) . loise Reduction

Filter Data Dat THRESHOLD i “LpplvMMU
Bands, METHOD / /

lusteri
Weighted Error Calculation e i gy

BN

i

i

i

i

i

é l K-Means Binary | |
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3. Difference Image |

BSM Product
Vector Format

Segmented
Image

Geodesic Active
Contours Levelset
Algorithm
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BURNED

prefire — postfire

~—

3

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

ACTIVE
CONTOUR
LEVELSET

MAPPING: NOA_BSM - GEODESIC ACTIVE CONTOUR LEVELSET

5. BSM Segmentation

i Fusion BSM Product
| Database System
i

BSM Product
Vector Format

i Noise Reduction
i Apply MMU

Geodesic Active

Linear Regression

Weighted difference
Image calculation

Initial Curve

Weighted Error Calculation

K-Means Binary Solid BSM

clustering Morphology

Initial Curve

Holes BSM

_________ 3. Difference Image S

Weighted E

Contours Levelset
Algorithm
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REAL-TIME BSM POST-PROCESSING

* Post-Processing of raw BSM vectors is applied by designing a prototype
algorithm implemented as SQL stored procedures. The implementation makes
use of the PostgreSQL Database Management System spatially enabled by
PostGIS extension. The derived DB Schema is used to store and distribute the

final BSM product.
[]valid BSM '-.
[ ] Comm. Error /-‘
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NOA REAL-TIME BSM PROCESSING CHAIN: POST-PROCESSING

2017-08-17

2017-08-18

Event Area
3450 ha

2017-08-23

2017-09-10
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Radar Interferometry (InSAR)

SAR interferometry (InSAR) technique which has been| 600 measurement points on the San Francisco
developed to: Millennium Tower capture motion from the foot of

) . the building to the top. Analysis shows that the
1. Detect, monitor and assess of the dynamic of Earth’s| \ower is moving down and away from the satellite

crust as measured along the line of sight from the
2. Monitor the surface extensions and assess with high | satellite to the tower at an annual rate of 26

precision (mm=>cm) the deformations induced by: '"'metre r éa (by TRE A.TIRA)
I. Extensive fractures due to earthquakes (of the

order of cm=> a few meters)
Il. Eruptions of active volcanoes (of the order of

cm—> a few meters)
lll. Pre-seismic tectonic deformations (mm/year)

IV. Slow-moving landslides (mm/year)
3. Monitor changes in the environment due to
industrial and construction activity
4. Monitor the millmetric movement of buildings,
facilities, and monuments (mm/year)
5. Support the work of the city/site planners to make : :
cities resilient against the geophysical hazards %% e L

e o e

Big Satellite Data for Global Emergency Response and Decision Making
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BEYEND

Interferometric Synthetic Aperture Radar

Mapping inflation of Santorini
volcano, Greece, from 01/2011 to
02/2012 using GPS and InSAR
(ENVISAT Data processed with
PSI&SBAS techniques). A clear and
large inflation signal, up to
150mm/yr in the LOS direction,
with a radial pattern outward from
the center of the caldera is
observed. The deformation pattern
was model using a Mogi source
located north of the Nea Kameni
island, at a depth between 3.3km
and 6.3km and with a volume
change rate in the range of
12million m?3 to 24 million m3 per
year (by BEYOND GeObservatory)
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InSAR for measuring ground deformation after abrupt events

East-West direction
20°240 @ ancaync

North-South direction

20°24'0"E 20°32'0"E

The complex sequence of EQs that struck the
island of Cephalonia, Greece, started on 26
January 2014 at 13:55 UTC, Mw 6.0, and
followed five hours later by an Mw 5.3
aftershock and by an Mw 5.9 event on 3 Feb
2014 at 03:08 UTC. SAR image pairs spanning
the second mainshock were acquired on
descending and ascending passes, by the
COSMO-SkyMed and TanDEM-X satellite
missions. East, North, and Up displacement _and :
components associated with the EQ, indicate a m_;i.
strong horizontal and vertical displacement of | __. : osm m—
up to 30 cm. Using Okada model a two-fault

model reproduced the observed DInSAR surface

displacements (by BEYOND GeObservatory)

z
o
°
«
o
«

z
o
°
g\l
«©
<

38°200'N

earthquake
gy s/ 7
"3 4 =z

Up-Down direction
20°24'0"E 20°32'0"E

38°15'0"N

AT Y
A " s
38°20'0"N

38°20'0"N

earthquake

38°150'N
38°150'N

38°100'N

J.P. Merryman Boncori et al, The February 2014 Cephalonia
Earthquake (Greece): 3D Deformation Field and Source
Modeling from Multiple SAR Techniques, SRL, Vol86, No 1, 2015 7 o 19" Okada two-Fault Model

20°32'0"E

4'0"
| Positive is upward motion

-0.3m 0.3m
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InSAR for measuring land subsidence due to excessive water pumping

22°46'30"E 22°48'0"E 22°49'30"E 22°51'0"E 22°52'30"E
——,

InSAR based land subsidence in the western side of
Thessaloniki, recorded since the early 1960s and reaching
gradually up to 3—4 m was assessed. PSI and SBAS multi-
temporal Interferometry was applied to analyse the 20
year ERS 1, 2 and ENVISAT data. The ERS dataset depicted
subsidence up to 35mm/year for the period 1992-2000.

40°40'30"N

£
o
>
2
o
<

; Svigkas Nikos et al, Land
subsidence rebound detected : o
viamulti-temporal InSAR in
Kalochori and Sindos regions, 030575 N2, B N4
Northern Greece, Engineering SN
Geology 209 (2016) 175-186

40°37'30"N
40°37'30"N

40°40'30"N

22°46'30"E 22°48'0"E 22°49'30"E 22°51'0"E 22°52'30"E

-34 mm/yr [N O 12 mm/yr

The ENVISAT data (2003—-2010) showed that there was a
change from subsidence to uplift, a motion that is well
correlated with hydrogeological data that showed a
synchronous rise of the aquifer level. The dominating

T VTS driver of the human factor concerning the land subsidence

=== | phenomena for the last 55 years is obvious
-3 mo/yr [ D 12 oy

40°39'0"'N

40°37'30°N
40°37'30°N
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ANY QUESTIONS?
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