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Outlines

 Golden Age of digital earth

 Extract information from Big Data: Needs and Challenges

 case studies:

 (i) the spatial component (satellites and associated ground infrastructures)

 (ii) in-situ measures (aerial and terrestrial measures)

 (iii) services for users: the example of ARTEK project (Artes project funded by ESA and ASI)



Big Data refers to the flood of digital data from many digital earth sources, including:

 sensors,
 digitizers,
 scanners,
 numerical modeling,
 mobile phones,
 Internet,
 videos
 e-mails
 social networks

The data types include texts, geometries, images, videos, sounds and combinations

Extract information from BIG data 



Petabytes of EO and science data are not exploited as
should be

Present and future mission/project continuously
increase the amount of data and computing power
needs

 A variety of data formats not always standardised

Fast access to data relies on WAN connectivity (e.g.
still expensive for high throughput)

Increasing need to fast response as for security, risk
monitoring and alert, etc.

Extract information from Big Data: Challenges



Transformation: from data  to (useful)  INFORMATION

The capability to extract information from data is linked with the capability to 
integrate data and info available from diverse sources

Extract information from BIG data: NEEDS 

Extract information and knowledge from BIG data for Discovery,  documentation, 

monitoring and preservation of Natural and Cultural Heritage



 No magic: Careful planning and setting goals, vision and
narrative important. Once narrative is in place, integration
“only” become a technical issue

 Experimental design, data quality, outlier identification is
an important part of the integration –

 Data integration important, but often challenging -
especially for ad-hoc data

 From single-discipline to multidisciplinary and
interdisciplinary approaches

–

BIG Data integration  NEEDS and Challenges



• The constellation Copernicus has changed the
paradigm with which the citizen is related to the
spatial datum, because it is open access, available to
all.

• Therefore, space is a huge opportunity for a society,
today, that evolves very quickly and offers
challenges and opportunities.

• In the light of recent sensor developments and
data availability, innovative models and
methodologies are needed for data analysis and
the integration of different information, as well as
new strategies for the exploitation.

Copernicus Data



There are four pillars, on which Copernicus is founded:

(i) The spatial component (satellites and associated ground
infrastructures),

(ii) in-situ measures (aerial and terrestrial Measures),

(iii) harmonisation/standardization of data and

(iv) services for users.

The Copernicus services are based on information from a constellation of
dedicated satellites, called "Sentinels", and dozens of other satellites, the
so-called "participating missions". This information is supplemented with
data obtained from in situ (i.e. local) sensors. In particular, the spatial
component related to the constellation of dedicated satellites, consists of
various Sentinel missions with the following objectives.

Copernicus Data



INCENDI : UN PROBLEMA MONDIALE

http://www.nasa.gov/topics/earth/features/wildfires.html













Lasaponara R lanorte Antonio An Integrated 
system for Fire monitoring Patent prot. 408719 
del 24 agosto 2009 







Modelli di simulazione propagazione incendio



Simulation of the fire expantion using Firesite an open source tool by USGS





ALanorte, M Danese, R 
Lasaponara, B Murgante
Multiscale mapping of 
burn area and severity 
using multisensor satellite 
data and spatial 
autocorrelation analysis 
International Journal of 
Applied Earth Observation 
and Geoinformation 20, 
42-51 











Burned area mapping using satellite Aster data

NBR= (NIR(ch3)-SWIR(ch7))/ (NIR(ch3)+SWIR(ch7))

dNBR= NBRprefire – NBRpostfire

Spectral index

Fire management

A Lanorte, M Danese, R Lasaponara, B Murgante Multiscale
mapping of burn area and severity using multisensor satellite 
data and spatial autocorrelation analysis International Journal 
of Applied Earth Observation and Geoinformation 20, 42-51 



Metaponto Fire 13   July 2017



Pisticci fire 23 agosto 2012



Lauria Pollino National park  interface fire 11 July 2017













SERV_FORFIRE

Rosa Lasaponara CNR
LPI SERV_FORFIRE  coordinator

http://www.jpi-climate.eu/nl/25223459-SERV_FORFIRE.html

Integrated services and approaches for 
Assessing effects of climate change and 
extreme events for fire and post fire risk 
prevention

rosa.lasaponara@imaa.cnr.it



http://www.jpi-climate.eu/nl/25223459-SERV_FORFIRE.html



Project partners

Research National Council of Italy, Department of Earth systems science (CNR DTA), Italy

Finnish Meteorological Institute (FMI), Finland 

Bureau de Recherches Géologiques et Minières (BRGM), France 

Environmental Research Laboratory (INRASTES, NCSRD), Greece

KNMI), Netherlands (Theoyal Netherlands Meteorological Institute (KNMI), Netherlands

Global Change Research Centre CAS (GCRI), Czech Republic



• JRC

• CONAE  (Argentine Space Agengy)

• CAS (Chinese Academy of Science)

• University of Alcala

• University of Lebanon

• Strong cooperation in the field day to day with 

• Italian Protezione civile

• Carabinieri 

• Forest Dirctorate of Chania

• Attika Municipality

• Finnish Protezione civile

• -----

Associate Project partners



Main obiectives

The main objectives of SERV_FORFIRE project are to:

(i) provide integrated services for forest fire assessment and mitigation
strategies, from seasonal up to climatic time scales,

(ii) create a bridge between observations, model development, operational
products, information translation .

to improve the quality of services and approaches for assessing effects
of climate change on fire and post fire risk in order to define suitable
strategies for prevention and mitigation actions



SERV_FORFIRE project will contribute at creating an international collaborative community of
climate information providers, expert in remote sensing, soil and vegetations, risk management
and mitigation, along with users, decision makers and planning authorities in order to:

strengthen the science-policy-society nexus using a participatory approach, by improving
already operational or experimentally tested climate services,
 tailoring relevant information for decision and policy makers through a participative and
circular approach,
capacity building user-centric tools, specific training programs, dissemination activities,

To increase efficiency of decision and policy makers authorities response, to improve the
preparedness level of our societies and to limit the high economic cost of climate variability
impact on fire and post fire risks, develop methods and specific procedures within the framework
of fire and post fire risk management in Europe at climatic time scales (from seasonal to longer
time scales).

Main obiectives



The synergic and complementary activities of all the partners 
involved in the SERV_FORFIRE  consortium will lead to the 
development of  an improved and integrated “fire and post 
fire” product portofolio complementary to what EFFIS and 
the Copernicus Climate Change Service will routinely deliver 
for fire management



http://effis.jrc.ec.europa.eu/static/effis_current_situation/public/index.html

http://www.protezionecivilebasilicata.it/protcivbas/css/themes
/01/images/mappa.jpg



UNESCO primary factors/threats affecting the World Heritage properties

1. urban sprawl, 
2. pollution, 
3. biological resource use/modification, 
4. physical resource extraction, 
5. local conditions affecting physical fabric, 
6. social/cultural uses of heritage, 
7. climate change 
8. severe weather events, 
9. sudden ecological or geological events, 
10. management and institutional factors, 
11. transportation and utilities infrastructure, 
12. invasive/alien or hyperabundant species, 
13. the deliberate destruction,
14. terrorism or civil unrest
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Google Earth image and Cosmo SkyMed strip image himage of Pachacamac, pre.Incas
ceremonial centre (VI-XIV A.D.)  surrounded by the suburbs of Lima

the complementarity of the
optical and SAR data as regards
the archaeological features. For
arid and desert areas the
penetration of radar allows us to
detect buried remains, including
earthen walls as in the case of
Pachacamac

Additional info in
R Lasaponara, N Masini, A Pecci,

F Perciante… - Journal of Cultural
heritage, 2017Qualitative
evaluation of COSMO SkyMed in
the detection of earthen
archaeological remains: The case
of Pachamacac (Peru) vol 23 pp
55-62
https://doi.org/10.1016/j.culher.
2015.12.010

URBAN SPRAWL BY Google Earth , SAR, UAV and In situ analysis Lima Peru

http://scholar.google.it/scholar?oi=bibs&cluster=11836931547499241846&btnI=1&hl=it
https://doi.org/10.1016/j.culher.2015.12.010


Automatic Monitoring of illegal excavations
from space



20122014

CASE STUDY 1: DURA EUROPOS



DURA EUROPOS

results from archaeological feature extraction

2014



cahuachi

results from archaeological feature extraction

2009



cahuachi

Rate of success assessment

NH: Number of Holes
TD: targets detected
FA: False Alarms
NFA: normalized false alarm index  
(FA/(FA+TD))

Assessment method: visual inspection of
satellite imagery, aerial survey by drone 
and field survey

image 2009

NH TD TnD FA

NFA= 

FA/(FA+TD)

178 161 17 26

90,04% 9,96% 13,90%

image 2013

NH TD TnD FA NFA=FA/(FA+TD)

178 173 6 5

100,00% 97,19% 3,37% 2,81%

. 

AARG 2018 Annual Meeting, Venice, September 12-14, 2018



Assessment of holes detected by aerial photogrammetry
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. 

AARG 2018 Annual Meeting, Venice, September 12-14, 2018



Lasaponara & Masini 2017

Assessment of holes detected by GPS

. 

AARG 2018 Annual Meeting, Venice, September 12-14, 2018



ArTeK – the opportunity

1. CH represents 

a strategic asset 

to be preserved 

and valued

2. 

Cultural Properties 

are particular 

fragile due to its 

use & exposure

3. 

Deterioration of 

Cultural Properties 

results in 

economical damages

4. 

the “preventive and planned  

conservation”  of Cultural 

Heritage needs new tools to 

assure the effective and 

systematic assessment and 

monitoring of sites

The burning problem

ESA business applications program

Duration: 24 months

start: 2 November 2016

Services to 

improve 

safeguard and 

“preventive 

and planned 

conservation” 

of cultural 

heritage

5. 

Valorisation

Fruition

Safeguard possible thanks 

to tourists flow analysis

ArTeK project
NAIS-

52



ArTeK – the Team

Istituto Superiore per la Conservazione ed il 

Restauro

National Council of Research –

Institute of Methodologies and Environmental 

Analysis

Italian National Institute for the Environmental 

Protection and ResearchPublic 

institutions

Privat 

companies

National Agency for Flight Assistance

Nextant 

Application and 

Innovative 

Solutions

Prime

ArTeK project
NAIS-

53



ArTeK pilot sites

Tivoli – old town 

centre

Tivoli –
Villa Adriana

(UNESCO)

Matera – Sassi 

(UNESCO)

Civita di 

Bagnoregio

(UNESCO 

tentative list)

Baia

Gianola

Collaboration between 

users and site manager ArTeK project
NAIS-

54



ArTeK web platform

55

Villa Adriana

Vegetation



ArTeK web platform

Biological patina

56

Villa Adriana



ArTeK web platform

Grandi Terme

Cracks patterns Vegetation between cracks 57

Villa Adriana



Villa 

Adriana

Monument Tre Esedre

PS number 60

Stable PS 57

Unstable

PS

3

V
max

1.0 mm/year

V
min

-6.4 mm/year

V
average

0.06 mm/year

Monument
Terme con 

Heliocaminus

PS number 115

Stable PS 115

Unstable

PS

0

V
max

1.4 mm/year

V
min

-0.85 mm/year

V
average

0.21 mm/year

Stable

Potentially in danger

PS are considered stable if -1.5 ≤ vel (mm/year) ≤ 1.5. A monument is 

considered potentially in danger if it contains at least an unstable PS 

Static-structural stability analysis
COSMO based  Interferometric analysis

58



ArTeK web platform

ArTeK project- Nais 59

Civita di Bagnoregio



60

Interferometric analysis (Civita di Bagnoregio)
09/05/2010-13/06/2017 COSMO-SkyMed slow movement

ArTeK project
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Interferometric analysis (Civita di Bagnoregio)
09/05/2010-13/06/2017 COSMO-SkyMed
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ArTeK project                                                                                                 
NAIS-

Satellite flight direction

LOS (line of sight)



ArTeK project Nais

ArTeK web platform : Fast movement

62

Civita di Bagnoregio



Stazione meteo outdoor Rilevamento da satellite  

Monitoraggio microclimatico indoor

optimum conservation range

optimum conservation range

The case study:  The Crypt of Original Sin

"Smart Cities and Communities and Social Innovation” Project (Call MIUR n.84/Ric 2012, PON 
2007 – 2013 del 2 March 2012) Measure IV.1, IV.2, 2013- 2015.



N

Outdoor weather station (T / UR air, wind rainfall)

The Crypt of Original Sin – monitoring system indoor – outdoor - satellite

Satellite surveying - environmental parameters / pollution

Indoor microclimatic monitoring

Monitoraggio microclimatico indoor



PRELIMINARY RESULTS

Temperature from the Crypt (T1,T2, T4 and T5) and from outdoor (T4) 

optimum conservation range
24°C

10°C
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In the summer, the outdoor 
temperature has been always 
much higher than the internal 
one, whereas in the last 
autumn this value has been 
always lower than inside. The 
temperature inside the crypt 
exhibits very variable average 
values ranging between 7°C 
(T1) (March) and 27°C (T5) 
(August 2017). The daily 
excursions are on average 
around 1,5 °C on the surfaces 
and are around 3,5°C in the 
air.



PRELIMINARY RESULTS

The relative humidity (RH) inside the 
crypt is very variable (see, Fig. 4) and it 
assumes average values ranging 
between 39% (RH5) (August 2017) and 
89% (RH”) (November 2017). 
.
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Relative Humidity indoor (T1,T2, T4 and T5) 
and outdoor (T4)

optimum conservation range
65%

55%



PRELIMINARY RESULTS

Temperature from the Crypt (T1,T2, T4 and T5) and from outdoor (T4) 

optimum conservation range
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Pm 10 FROM SATELLITE LANSAT TM DATA



Thank you

rosa.lasaponara@imaa.cnr.it


