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Challenge 

The continuous provision of useful, accurate 
and timely information through coordinated 
and sustained Earth Observation together with 
INSPIRE data, Copernicus, and GCI information 
 
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, Paris Agreement to combat climate 
change  
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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/ΑΙ 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 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  

 
The services offers to the 
communities of citizens 
and civil protection 
authorities ready-to-use 
information products, but 
also data analysis and data 
processing solutions on 
HPC cloud environment   
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http://www.beyond-eocenter.eu/index.php/web-services/geohub
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BEYOND: EO Based    
An EU Center for DRR 
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2006-2010 

2011-2015 
2016-2020 
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Operate a Region-wide X-/L- band multi-mission station:  

EOS Aqua and Terra, SUOMI NPP, JPSS, NOAA, Met Op, 
FengYun)  

part of the DB network 

Infrastructure of Satellite EO Data Collection 
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MSG2 MSG3 MSG4 

Infrastructure of Satellite EO Data Collection 
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Copernicus Sentinel 
Missions and Data 

Access 
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60 VMs  
storage: 800 TiB,  
680 CPU cores,  

2.2 TiB RAM 

Distributes 55 TΒ / Day 
Operations 24/7/365 
GEANT 500-700 Mbps 
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Distributes 55 TΒ / Day 
Operations 24/7/365 

GEANT > 2-6 GBps 

80 VMs  
storage: 800 TiB,  
680 CPU cores,  

2.2 TiB RAM 
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Data Anaysis, 
Processes 

Models 

Products 
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Preparedness, Vulnerability and Risk Assessment, Recovery, and Mitigation Planning Services 
have been delivered to > 20 Civil Protection Authorities worldwide  
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BEYOND EO CENTER COPERNICUS EMS
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BEYOND EO CENTER COPERNICUS EMS
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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)    
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Understanding of Contemporary 
Wildfire Patterns and Regimes,  
Sensors  2013, 
doi:10.3390/s130811146  



2 Big Satellite Data for Global Emergency Response and Decision Making 



2 Big Satellite Data for Global Emergency Response and Decision Making 

Moving towards integrating Datacubes = Central Building Block 
for next-generation “analysis-ready“ services 

Datacubes treat all 
axes alike, irrespective 

of an axis having a 
spatial, temporal, or 

other semantics  
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      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   
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 Intense micro-seismic activity in the wider area of the Kīlauea 
volcano in Hawaii occurred during 26/4-2/5/2018. 

 Suddenly, on Thursday 3/5 a volcanic crack appeared near the 
road network in lower Puna region, from which lava and hot 
steam appeared. The Civil Protection instructed residents of the 
Puna community (~10,000) to leave their homes immediately. 

On Friday, May 4, 2018, a powerful 6.9 earthquake hit Puna, the 
largest in the past 43 years. 

 By May 27, 2018, 24 fissures had erupted lava in or near the 
Leilani Estates and Lanipuna Gardens subdivisions. 

 The Puna Geothermal Venture, which provided one-quarter of 
the island's electricity, was forced to shut down and was later 
damaged by lava. 

 By August 7, 35 km2 of land had been covered by lava flows. The 
eruption had almost completely subsided, and on December 5, 
it was declared to have ended after three months of inactivity. 

 Recovery efforts would cost more than $800 million 
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→ Intense subsidence at the top of 
the volcano as magma material 
moves along the East Rift Zone 
and escapes 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 
approximately 60-70 cm.  
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        Examples from ongoing research projects and services showcase that:  
 

      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  
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     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 
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The hubs have different data offer policies in terms of: 

o Missions and products per sensor  

o Geographic coverage  

o Concurrent downloads 

o Rolling policy  

o User types served  

o Downloading speed 

o Data Integrity 

o Published products 

o Response times  

o Availability  

o Product latency 
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developed in 

BEYOND   

 

Adopted as the 

solution for the 

European Data Hub  

Cloud Platform 

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

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 

Hourly Forecasting of Fire Smoke 
Dispersion during crisis 

SHORT-TERM

UPGRADES

MID AND LONGER-TERM

UPGRADES

MID AND 

LONGER-

TERM

UPGRADES

SHORT-TERM

UPGRADES

MID AND LONGER-TERM

UPGRADES

MID AND 

LONGER-

TERM

UPGRADES

http://ocean.space.noa.gr/FireHub
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SHORT-TERM

UPGRADES

MID AND LONGER-TERM

UPGRADES

MID AND 
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TERM

UPGRADES

SHORT-TERM

UPGRADES

MID AND LONGER-TERM

UPGRADES

MID AND 

LONGER-

TERM

UPGRADES

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

 

 

 

PATENT 

 INDUSTRIAL 
PROPERTY 

ORGANISATION 

http://ocean.space.noa.gr/FireHub
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      Increased Spatial Resolution of       
Fire Monitoring  by 50 Times – 

(500mx500m) – Multi Source Multi 
Resolution EO Data Fusion in RT  

Meteo Data 
(Wind 

Forecasts 
direction, 

speed) 

Detailed 
Fuel Maps & 

Historical 
Assessments 

of Fuel 
Vulnerability  

Geographic 
Aspects: 

Altitudinal  
Zones, 

Slope/Aspect 

Fire Spread 
Modelling 

Assimilation 
with RT 
SEVIRI 

Observations  
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 Raw resolution: 
3.5x3.5 km wide pixel 

Refined resolution: 
0.5x0.5 km wide pixel  
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Parnon Mt Fire 

Taygetos Mt Fire 
Oitilon Fire 

Olympia site Fire 

Megalopolis Fire 

Stira Euboea Fire 

AliveriEuboea Fire 

Taygetos Mt Fire 

Korinthos 
Fire 

     POTENTIAL FIRE 

     CONFIRMED FIRE 

Regional Real Time Fire Monitoring  - NOA’s MSG SEVIRI Station – Raw Resolution mode 

Zaharo Fire 
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+30’ +35’ +40’ +45’ +50’ 

Results @ 150 minutes after fire ignition 
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Rhodes Island 
27/7/2013  

Big Satellite Data for Global Emergency Response and Decision Making 



2 

08:00 UTC 

08:00 UTC 09:00 UTC 

09:00 UTC 

10:00 UTC 

10:00 UTC 
Forecasting Vertical 
structure of smoke 

plume Cross section of 
Organic Carbon 

concentration (ng m-3) 
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T0  
minutes 

Fire Ignition 

T10 
minutes 

Detection of active fires 
using FireHUB 

T1 Day 

Perimeter of burned area 
Medium Resolution  (375μ) 

T3  Day 

Perimeter of burned area 
Medium Resolution(375μ) 

T2  Day 

Perimeter of burned area 
Medium Resolution(250μ) 

T4 Day 

Perimeter of burned area 
High Resolution  (10μ) 

Day #1 
NPP-VIIRS 
MR=375m 
20170817 11:14 

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

Day #3 
NPP-VIIRS 
MR=375m 
20170819_1057 

 

First Detection in 
10’ 

Meteosat SG  –SEVIRI 

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

P1 Rapid Daily Mapping  in Medium Resolution    
2-3 times /day 

P2 Rapid Daily Mapping  in High Resolution  
every 5 days 

P3 

KALAMOS 
13/08/2017 

2953 
HECTARES 
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Mati East Attica 
23/07/2018  

@ 17:05  

 Very High Spatial Resolution (3,5 cm)- Daily delivery 
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NOA_BSM 
THRESHOLD 

METHOD 
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GEODESIC 
ACTIVE 

CONTOUR 
LEVELSET 
METHOD 
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• 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. 

ID:3073 ID:27 

ID:5331 

ID:1794 ID:3605 
Valid BSM 
Comm. Error ID:2418 
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Event Area 
3450 ha 

2017-08-17 

2017-08-18 

2017-08-23 

2017-09-10 



Radar Interferometry (InSAR)  

2 

SAR & InSAR theory 

SAR interferometry  (InSAR) technique which has been 
developed to: 
1. Detect, monitor and assess of the dynamic of Earth’s 

crust 

III. Pre-seismic tectonic deformations (mm/year) 

2. Monitor the surface extensions and assess with high 
precision (mmcm) the deformations induced by: 

I. Extensive fractures due to earthquakes (of the 
order of cm a few meters) 

II. Eruptions of active volcanoes  (of the order of 
cm a few meters) 

3. Monitor changes in the environment due to 
industrial and construction activity 

IV. Slow-moving landslides (mm/year) 

5. Support the work of the city/site planners to make 
cities resilient against the geophysical hazards  

4. Monitor the millmetric movement of buildings, 
facilities, and monuments (mm/year) 

600 measurement points on the San Francisco 
Millennium Tower capture motion from the foot of 
the building to the top. Analysis shows that the 
tower is moving down and away from the satellite 
as measured along the line of sight from the 
satellite to the tower at an annual rate of 26 
millimetres per year  (by TRE ALTAMIRA) 
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Interferometric Synthetic Aperture Radar 

2 Big Satellite Data for Ground Deformation Assessment at Global Scale 

SAR & InSAR theory 

Papoutsis et al, Mapping inflation at Santorini  volcano, Greece, using GPS and InSAR,  GRL, Vol. 40, 267–272, 
doi:10.1029/2012GL054137, 2013 

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 m3 to 24 million m3 per 
year  (by BEYOND GeObservatory) GPS 

inSAR Mogi Model 



InSAR for measuring ground deformation after abrupt events 
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SAR & InSAR theory 

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 DInSAR surface 
displacements (by BEYOND GeObservatory) 

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 Okada two-Fault Model 
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SAR & InSAR theory 

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.  

InSAR for measuring land subsidence due to excessive water pumping  

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 
driver of the human factor concerning the land subsidence 
phenomena for the last 55 years is obvious 

1992-2000 

2003-2010 

Svigkas Nikos et al, Land 
subsidence rebound detected 
viamulti-temporal InSAR in 
Kalochori and Sindos regions, 
Northern Greece, Engineering 
Geology 209 (2016) 175–186 
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