
Identifying areas of archaeological potential in the Alps

Cornut C., Ozainne S., Poussin C., Andenmatten R., Giuliani G., Identifying areas of
archaeological potential in the Swiss Alps using satellite-derived time-series of snow cover
estimates, Submitted to Remote Sensing Applications: Society and Environment







Normalized Difference Water Index (NDWI)…
Water content of vegetation (2014 vs. 2003)

Giuliani G., Egger E., Italiano J., Poussin C., Richard J.-P., Chatenoux B. (2020) Essential 
Variables for environmental monitoring: What are the possible contributions of Earth 
Observation Data Cubes, Data 5:100 https://www.mdpi.com/2306-5729/5/4/100

https://www.mdpi.com/2306-5729/5/4/100


Trends in vegetation water content
NDWI time-series from 35 years of Landsat observations – Annual mean

Poussin C., Massot A., Ginzler C., Weber D., Chatenoux B., Lacroix P., Piller T., Nguyen L.,
Giuliani G., Drying conditions in Switzerland - Indication from a 35-year Landsat trend analysis
of vegetation water content estimates to support SDG15, Submitted to Big Earth Data



Trends in vegetation water content
Statistics by biogeographical zones – mean summer season



Soon…
A dedicated service/dashboard to follow trends by regions & cantons



DATA INFORMATION KNOWLEDGE

EO Data
§ MODIS/AVRRR
§ ESA CCI Land Cover
§ SoilGrids

Sub-indicators
§ Land Productivity Dynamics
§ Land Cover  Change
§ Soil Organic Carbon Stocks

SDG15.3.1
Proportion of land that 
is degraded over total 
land area

Model
Interpretation
& representationModel

SDG 15.3.1 Land Degradation…
…is undermining the well-being of 3.2 billion people (IPBES)

Collaboration: UNIGE, GEO, ESA, CNR, JRC, UNEP

Giuliani G., Mazzetti P., Santoro M., Nativi S., Van Bemmelen J., Colangeli G.,
Lehmann A. (2020) Knowledge generation using satellite Earth Observations to
support Sustainable Development Goals (SDG): a use case on Land Degradation,
International Journal of Applied Earth Observation and Geoinformation
88:102068 https://doi.org/10.1016/j.jag.2020.102068

https://doi.org/10.1016/j.jag.2020.102068
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Aggregated indicators…
… are not enough for public policy!
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Disaggregation of indicators…
… to capture spatial (maps) and temporal dynamics (graphs)

How much? Where? When? Who?



SDG15.3.1 – Results from Switzerland

Official value: 4.7%

SDC value: 9.7%

Official definition in Switzerland is based
only on soil sealing and do not consider
land productivity!

Do not comply with the official UN
definition!

Giuliani G., Chatenoux B., Benvenuti A., Lacroix P., Santoro M.,
Mazzetti P., Monitoring Land Degradation at national level using
satellite EO time-series data to support SDG15 – Exploring the
potentiation of Data Cube, Big Earth Data,
https://doi.org/10.1080/20964471.2020.1711633

https://doi.org/10.1080/20964471.2020.1711633


Potential (other) 
applications

• Monitoring land cover change
• Glacier monitoring, ice extent mapping, snow 

cover monitoring
• Agricultural applications: crop monitoring, food 

security
• Vegetation and forest monitoring, parameter 

generation (chlorophyll concentration, carbon 
mass estimations)

• Water quality monitoring 
• Flood mapping and management
• Urban mapping & monitoring



0 0.0002(mol/m2)

Jan. 2020Sentinel 5P - Air Pollution Monitoring (NO2)

0 0.0002(mol/m2)

Mar. 2020Sentinel 5P - Air Pollution Monitoring (NO2)

0 0.0002(mol/m2)

Apr. 2020Sentinel 5P - Air Pollution Monitoring (NO2)



Giuliani G., Maso J., Mazzetti P., Nativi S., Zabala A. (2019)   
Paving the way to increased interoperability of Earth 
Observations Data Cube. Data 4(3):113

Part of the Special Issue “Earth Observation Data Cubes”: 
https://www.mdpi.com/journal/data/special_issues/EODC

Interoperability challenges

https://www.mdpi.com/journal/data/special_issues/EODC
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Implemented standards in 
the Swiss Data Cube

• Upstream services
• Discovery: ISO19115-2 and ISO19139-2; OGC 

CSW, STAC (under evaluation)
• View & Download: OGC WMS & WCS
• Processing: Python API; OGC WPS (under test)

• Downstream services
• Discovery: CSW; OpenSearch; OAI
• View: WMS with EO extension, WMTS, TMS, 

WMS-C, ncWMS
• Download: WCS with EO extension



The SDC supports the « Digital Switzerland » strategy

§ Support innovation and growth in the digital economy

§ Improve efficiency and effectiveness of government

investments

§ Improve management of natural resources

§ Stimulate research

§ Effective monitoring mechanism

§ Generate information products

§ Improve data access and use & enable new

products/services that can transform everyday life



The SDC 
supports the 

UNIGE 
Digital 

strategy 



Nature, 2016







Achieving reproducible knowledge… 
…exposing all parts of an application

Good application:
Good in-situ, satellite data &
models > produce new
knowledge

Trust is the key (data):
For decision makers



SwissEnvEO: a FAIR national EO environmental database
http://geonetwork.swissdatacube.org

Giuliani G., Cazeaux H.  Burgi P.-Y., Poussin C., Richard J.-P., 
Chatenoux B. (2021) SwissEnvEO: a FAIR national environmental 
data repository for Earth Observation Open Science, CODATA Data 
Science Journal 20(1):2 http://doi.org/10.5334/dsj-2021-022

http://geonetwork.swissdatacube.org/
http://doi.org/10.5334/dsj-2021-022
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SDC Open & 
Reproducible EO 
Science

• Open Data: Landsat 5,7, 8 ARD;
Sentinel 1-2 ARD + All scientific/decision-
ready products are freely, openly
available & FAIR compliant
• Open Notebooks: All algorithms are
documented and openly available
• Open Access: All publications
• Open Source: All applications
• Open Educational Resources: Bringing
ODC into practice







The Vision…
… being a National Infrastructure 

in the next 3-5 years
The Swiss Data Cube (SDC) will deliver a unique capability to track changes across
Switzerland to process, interrogate, and present Earth observation satellite data
in response to environmental issues of Switzerland.

This near real-time information can be readily used as an evidence base for the
design, implementation, and evaluation of national policies.



Towards Digital Earth Switzerland…
…a comprehensive digital replicate/twin for analysis of nature's system and
enabling reliable monitoring and prediction of the changing environment



Global Impact
More than 50 countries are interested with 9 in operation and 7 coming soon!



EO Data Cubes have the potential…

… to enhance scientific 
accountability and credibility

Without trust and shared knowledge:

• Doing science can be difficult

• Taking sound decisions can be 
problematic

• And envisioning a sustainable 
development can be complicated



Follow us
http://www.swissdatacube.ch

@SwissDataCube GRIDgva/SwissDataCube gregory.giuliani@unepgrid.ch



gregory.giuliani@unige.ch
gregory.giuliani@unepgrid.ch

http://www.unige.ch/envirospace/people/giuliani/




