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Six years of continuou

drought in Guatemala,

Honduras, El Salvador,
Nicaragua

> 2.500.000 without food
> 3.5000.000 without

" income

Unprecedented increase
¥ and doubling of the
drought period per year
over the last six years
(from 3 to 6 months /
year)
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2011, 2017, 2019
Prolonged drought
Ethiopia, Kenya, Somalia:

> 15,000,000 without
: food and water

Unprecedented rise in
sea level with - th
simultaneous rise in L
temperature in the Horn

F"_
é of Africa
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2019 Cyclone Idai
Zimbabwe, Malawi,
Mozambique:
Million homeless
s People without food
4510000 dead people

Cyclone Kenneth
6 days later in
Mozambique
Tropical cyclone in
the area for the first

S. Africa



Unprecedented
increase in average
temperature the
last
123 years

California
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2015 California:
87.000 Ha burnt area

3000 houses
2017 California
Wine Country &
2018 Paradise:

( .86 dead people
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https://youtu.be/iz9mPkDUp1o

nprecedented

drought and high
temperature
Dramatic decrease of

rain
Increase in average
temperature 10C?
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Are the fires of
12.000.000 Ha of
burnt area in
Australia due to
Climate Change?
2019-2020



https://youtu.be/iz9mPkDUp1o
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1260 acres burnt
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buildings ;
103 dead peoples

Unprecedented rapid "% 2 P e e, R _
winds from the West AN, - ; = \“'
with speed> 100 km / h

>25yearsthe

appearance of westerly

winds in the area




BEYOND
Cenire of EO Research
and Satellite Remote Sensing

,CELSI®R

"Disasters cost hundreds of billions of
dollars, hitting the poorest countries
disproportionately and pushing
millions into poverty. We must tackle
disaster risks and leave a more
resilient planet to future generations."

p Last year 18 million
people were forcibly
displaced by ext |
weather events linked to |
climate change. ™  ~= =

Antonio Guterres,
United Nations Secretary-General

#IDDR2018

#IDDR2018 #ResilienceForAll

G \ #ResilienceForAll

NISDR @ unisor

> 1in 9 people are forced to migrate due to L b Disasters drive 26
climate change and natural disasters g | miligp egRigIite
: S poverty every year.

» 1 billion people will be forced to flee Africa
over the next 30 years due to drought and & 2\
desertification 2o S i ADDR2018

#ResilienceForAll

§ yo @ unisor
e :
Numbers of disasters per type 1998-2017 - o
@ Number of people affected
‘. per disaster type 1998-2017 @
_ INTERNATIONAL DAY
FOR DISASTER REDUCTION E

ot
% o & INTERNATIONAL DAY
N FOR DISASTER REDUCTION

#IDDR2018
#ResilienceForAll

#IDDR2018
#ResilienceForAll

16%

45 % 726 million

2.0 billion

Source: CRED, UNISDR, 2018 . Source: CRED, UNISDR, 2018
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Challenge

The continuous provision of useful, accurate
and timely information through coordinated
and sustained Earth Observation

Is a key enabler for informed decision
making,

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, and Paris Agreement to combat climate
change

&

KEEP
CALM

AND MAKE

INFORMED
DECISIONS
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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 Re\PQ“\
only in one month, a volume that is equivalent to the entire & |
7-year archive of the Envisat mission T ‘PS \

Building upon the efficient employment of High Performance Cloud
Computing (HPC) resources, Datacubes/ Array Data Bases, and ML/Al 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
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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 prototype research
and solutions 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

The services offers
to the communities
of citizens and civil

protection
authorities ready-to-
use information

products, but also
knowledge to deal
with the DRR issue

anns

ac/cantinale.araabhuh

BEYOND THEMATIC AREAS WEB SERVICES



http://www.beyond-eocenter.eu/index.php/web-services/geohub

ENCELSI®R

BEYOND: EO Based ; ] 7y
An EU Center for DRR LOREMICUS o o o BEEOND

Toxic
Emissions

Extreme
Weather

Real Time

Monitoring of Risk & Damage

Natural Disast B Assessment and

Area of Intere Mitigation Measures
4

SE Europe,

Area of Interest:
Global Level

Mediterranea
N. Africa, M. E
Balkans

www.beyond-eocenter.eu

Project funded by the
EUROPEAN UNION
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INTHUB #1

COLHUB #3

DIASHUB #3
AfricaCastHub

S-5p PreOps Hub

S-5p Expert Users Hub
TMPHUB #1

HNSDMS

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

SENTINEI.S

GREEKHUB\\»Mwﬁ
\@

oooooop0DOo

)
o

Sentlel3 ¥ ¥ A 550 TB network

(wencs @esa BB filesystem for storing >
Distributes 55 TB / Day 200 thousand Sentine|
S : products at any time

COSERLTES Operations 24/7/365
http //sentmels JELHICERIMN. GEANT up to 10Gbits
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i FireHUB Real-time forest fire monitoring service - Diachronic Burnt Scar Mapping (> 35
FireHUB . . . . . .
years) - Fire risk mapping http://beyond-eocenter.eu/index.php/web-services/firehub

DustHUB Desert Dust, Smoke and Toxic Gases Detection and Dispersion Service

A 4 http://beyond-eocenter.eu/index.php/web-services/dusthub)
FloodHUB Real-time Flood monitoring service and analysis of flood events http://beyond-
|- eocenter.eu/index.php/web-services/floodhub

GeoHUB Service for monitoring, early warning and assessment of geophysical disasters
(earthquakes, landslides, volcanoes)
http://beyond-eocenter.eu/index.php/web-services/geohub

SolarHUB ATLAS Real-time solar energy estimation and nowcasting service http://beyond-
eocenter.eu/index.php/web-services/solarhub

Copernicus Emergency Management Service (EMS)
(http://beyond-eocenter.eu/index.php/thematic-areas/disasters/ems-activations)

- &
European Forest Fire Information System (EFFIS)
http://beyond-eocenter.eu/index.php/web-services/effis



http://beyond-eocenter.eu/index.php/web-services/firehub
http://beyond-eocenter.eu/index.php/web-services/dusthub
http://beyond-eocenter.eu/index.php/web-services/floodhub
http://beyond-eocenter.eu/index.php/web-services/geohub
http://beyond-eocenter.eu/index.php/web-services/solarhub
http://beyond-eocenter.eu/index.php/web-services/effis
http://beyond-eocenter.eu/index.php/thematic-areas/disasters/ems-activations

and Satellite Remote Sensing

Bl (oocrrics

Activation of the
BEYOND in the
Copernicus
Emergency
Management Service
EMS
Prevention —
Preparedness —
Assessment —
Response —
Recovery

B =

GERMANY ki
)

CROATIA
MADEIRA & PORTO e
SANTO, PORTUGAL e

SARDINIA, ITALY g

“ MONTENEGRO '

THE REPUBLIC OF

REPUBLIC
' NORTH MACEDONIA,
AZORES, PORTUGAL OF ALBANIA = 7

REPUBLIC
OF KOSOVO ’
2 A e

A

X
! AFRICA, CHILE

ENCELSI®R



https://emergency.copernicus.eu/mapping
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BEYOND EO CENTER SERVES COPERNICUS EMS:
EUROPEAN FOREST FIRE INFORMATION SYSTEM (EFFIS)

(opernicus

COPERNICUS
Commission | Emergency Management Service

aCiany thherla1ds N Fulalnu

European Commission > JRC EU Science Hub > DRM > Copernicus EMS > EFFIS > Applications > Current Situation Viewer
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Early Warning Risk Assessment

e e e e e e

1. Build upon the knowledge emerging from historical events

. 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)

N
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Speed up the process using ANN to enable millions of model

simulations in one minute and address dynamic awareness

Examples from ongoing research projects and services showcase that:
The FloodHub service employs a NN trained from a library of HEC-RAS runs, find the
flood scenario that best fits to current flood conditions (e.g. triggering factors) and
based on this perform in only a few minutes a large number of model runs

assimilating crowd (peers) data so as to create NRT situation awareness pictures

- 1 ;i;ilaIGIobe éwsmii
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http://beyond-eocenter.eu/index.php/web-services/floodhub I

. . oge = F=--"""""""""°- e e
Earth Observation for Disaster-Resilient | ' ek SnE
Societies (EO4Disaste RS) Ied by | In-situ telemetric hydrometeorological stations
IAASARS/NOA i AL [P 3
: ‘L \ - \,‘,Vueveo?‘i Mﬁ.h—
. . : . Meteorological Data Hydrometric
The focus is on flash flood mapping at | parameters —  AutoGeoModel cencor ogger  sensor

____________________________ -
large scale (city level) and creation of ]
operational awareness pictures for crisis
management in real time by assimilating

in flash flood models multiple sources of & #8 " 2 precipitation i ——
. . . i N duration, CN p .
data including mostly satellite data ¥ output: Runof Wb el

(Sentinel), in-situ sensors, and
crowdsourced data.

Celery Worker
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FloodHUB
Real-Time Flood Monitoring service for Mandra, Attica
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Speed up the process using ANN to enable millions of model
simulations in one minute and address dynamic phenomena

SolarHub (SENSE) of BEYOND integrates data as MSG4 (Cloud Optical Thickness), S-2
(Cloud/Albedo), GOME-2 (Ozon), CAMS modeled data for Aerosols and applies a high
resolution (5kmx5km) RTM using a NN that performs 1.5 million simulations in less
than a minute

Solar energy nowcasting & forecasting

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

Satellites (MSG4,Sentinel, GOME?2)

Wim?

Models (CAMS

{11717 ¢~ ERREIRERSE R > NEXtSENSE --------nmemeemmeeeeeeee> QUL PULS
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FIREHUB: A SPACE BASED HUB OF FIRE MANAGEMENT SERVICES

MID AND LONGER-TERM
UPGRADES

SHORT-TERM
o welaeros) UPGRADES
/
/’. Warreng/tvacustion
MID AND
MID AND
TERM
by~ UPGRADES

Early fire detection and real-time fire
monitoring

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



http://ocean.space.noa.gr/FireHub
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FIREHUB: A SPACE BASED HUB OF FIRE MANAGEMENT SERVICES

MID AND LONGER-TERM
UPGRADES

SHORT-TERM
UPGRADES

MID AND
LONGER-
TERM
UPGRADES

PATENT

INDUSTRIAL
PROPERTY
ORGANISATION

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



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

ENCELSI®R

FIREHUB: INNOVATIVE EARLY DETECTION AND RT FIRE MONITORING

Raw resolution: Refined resolution:
3.5x3.5 km wide pixel 0.5x0.5 km wide pixel [

\ ¢

Increased Spatial Resoluré)n of

Fire Monitoring by 50 Times —
(500mx500m) — Multi Source Multi
Resolution EO Data Fusion in RT
. Y,
s 4 N 4 N

Detailed . Fire Spread
Meteq Data Fuel Maps & Geograph.lc Modelling
(Wind . Aspects: T
Historical L Assimilation
Forecasts Altitudinal )
) . Assessments with RT
direction, Zones,
speed) of Fuel Slope/Aspect SEVIRI
P Vulnerability P P Observations

\_ A 7\ AN
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Results @ 150 minutes after fire ignition
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FIREHUB: RT FIRE MONITORING COMBINED WITH BURNED AREA
MAPPING IN RUSH MODE

Day #4 Sentinel-2 HR-10 m

Day #1 :i O o - 23*'0"5 23'540°E
NPP-VIIRS | ‘ Pl

MR=375m
20170817 11:14

Day #2
MODIS-Terra §
MR=250m
20170818_1055

Day #3
NPP-VIIRS

MR=375m
20170819_1057

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

Detection of active fires Perimeter of burned area Perimeter of burned area
TO using FireHUB Medium Resolution(250p) High Resolution (10u)
minutes | T1 Day T T3 Day
| T4 Da
' HECTARES o T2 Day l y
Fire Ignition o Perimeter of burned area Perimeter of burned area

Medium Resolution (375p) Medium Resolution(375p)
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FIREHUB: DETAILED BURNED AREA & DAMAGE ASSESSMENT MAPPING
(RUSH&NON RUSH MODE)
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Interferometric Synthetic Aperture Radar

150

Mapping inflation of Santorini wat[a] —_—al e
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, _— bt U E: |-
with a radial pattern outward from Mogi Model '
the center of the caldera is 53 253 536 75 Bt B B4 2540 B4 ST B9 B B8 Bl mE B B B4
observed. The deformation pattern A
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 m3 to 24 million m?3 per
year (by BEYOND GeObservatory)
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Papoutsis et al, Mapping inflation at Santorini volcano, Greece, using GPS and INSAR, GRL, Vol. 40, 267-
272, d0i:10.1029/2012GL054137, 2013
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INSAR for measuring ground deformation after abrupt events

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
components associated with the EQ, indicate
a strong horizontal and vertical displacement
of up to 30 cm. Using Okada model a two-
fault model reproduced the observed DINnSAR
surface displacements (by BEYOND
GeObservatory)

J.P. Merryman Boncori et al, The February 2014

Cephalonia Earthquake (Greece): 3D Deformation Field
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INSAR for measuring land subsidence due to excessive water pumping

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. PSl 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.

Zer o Zeee Zee @t Svigkas Nikos et al, Land

s 24 Qi subsidence rebound detected

viamulti-temporal INSAR in
Kalochori and Sindos
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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
1992-200 : : )
T —— driver of the human factor concerning the land subsidence
N phenomena for the last 55 years is obvious
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