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The key to 
sustainable 
development…

…is achieving a balance
between the exploitation of
natural resources for socio-
economic development,
and conserving ecosystem
services that are critical to
everyone’ s wellbeing and
livelihoods.

Natural Capital

Socio-Economic 
needs



The Challenge: Evidence-based policy-making

Knowledge: 
inform us about the limits of 
the planet

Action: 
Societies decide how to use 
resources of our planet

Decisions
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To better 
understand 
these 
changes…

Our planet is 
under 
continuous 
observation 
from satellites



Sentinel-2: 
22’000 images to cover the Earth
Every 5 days!
> 1’600’000 images per year!



Copernicus – Europe’s Eye on Earth
Largest EO data provider in the World: 250TB/day data
Archive: 250PB of data stored, daily growth rate: 220TB  



Passive
radiation from 
sunlight
(Sentinel-2&-3, Landsat, 
MODIS…)

Active
transmit radiation

(Sentinel-1&-6,
Jason, Tandem-X…)

Types of satellites



Not just photos…



Temporal resolution



Temporal resolution…
…A game changer



Monitoring the Earth in (near) real-time is now a reality!



Big Data 
Challenges in EO 
Science… 

• Data Volume

• Data Variety/Heterogeneity (e.g., sensors, spatial-temporal-spectral 
resolution)

• It requires scientific knowledge to understand what data is needed… 
optical (which resolution?), radar (which type?)

• It is hard to access or download

• It is hard to prepare… atmospheric correction, grid formats, pixel 
alignment, speckle filtering

• It requires capacity building and training



How to transform 
this large amount 

of data in useful 
information and 

support evidence-
based decisions?



Traditional remote sensing product process

Courtesy of Geoscience Australia

Traditional remote sensing product process 

The Landsat Data Cube   |   Locate 2014 



Courtesy of GeoScience Australia

Various users needs the same data for various purposes…
…investing in the entire value chain!



Analysis Ready Data are key to reduce the burden on EO data users!
Spending more time in analyzing data than searching & pre-processing data…

Giuliani G., Chatenoux B., Honeck E., Richard J.-P. (2018) Towards
Sentinel 2 Analysis Ready Data: A Swiss Data Cube Perspective. In:
IGARSS 2018 - IEEE International Geoscience and Remote Sensing
Symposium. Valencia (Spain). p. 8668-8671



What are Data Cubes?
Time-series multi-dimensional (space, time, data type) stack of spatially aligned pixels used for
efficient and effective access and analysis.

Courtesy of GeoScience Australia



Adapted from CEOS

LongitudeLatitude

Temps

LongitudeLatitude

Temps

LongitudeLatitude

Temps Time Series analyses consider the variation 
of data over time to assess change

Several time slices can be combined into one 
to form a “Mosaic”. This is often used to 
reduce clouds or create seasonal or annual 
images.

A single time slice, similar to a standard 
“scene” can be used to assess a single point in 
time



Governments have national and international reporting
commitments and obligations as well as national
environmental programs.

They all need information that is synoptic, consistent,
spatially explicit, sufficiently detailed to capture
anthropogenic impacts, and national in scope.

EO Data Cubes can provide the long baseline required
to determine trends, define present, and inform future.
This can fit these interests to inform programs and
communities.





37 years
FROM 1984 to 2021

10-30-90m
PIXEL RESOLUTION

7 sensors
LANDSAT 5/7/8; 

SENTINEL-1/2 A-B

> 450 million
PIXELS

> 1000 billion
OBSERVATIONS

~ 15000 images
INGESTED

~7 TB
ANALYSIS READY DATA

~10 millions CHF
COST OF DATA WITHOUT OPEN DATA 

ACCESS POLICY

SWISS DATA CUBE in Numbers
A unique Analysis Ready Data Archive

Updated every week!

Giuliani G., Chatenoux B., De Bono A., Rodila D., Richard J.-P.,
Allenbach K., Dao H., Peduzzi P. (2017) Building an Earth
Observations Data Cube: lessons learned from the Swiss Data
Cube (SDC) on generating Analysis Ready Data (ARD). Big Earth
Data 1(1):1-18



Open Data Cube - https://www.opendatacube.org



What is the Open Data Cube?

A Python Library that 
facilitates working 
with raster data

Courtesy UK Catapult



Technical components

In a nutshell:
• Data
• An Index
• Software

Courtesy UK Catapult



How to use the Swiss Data Cube?
Define your area of interest, your algorithm and your time-frame



How to use the Swiss Data Cube?
And get the result!



Or use the Python API 
Jupyter Notebook



Covering more than Switzerland…



Bondo Landslide – 23 august 2017



Leuk forest fire – 13 august 2003



Earth Observations is useful for monitoring SDG’s

http://earthobservations.org/geo_sdgs.php



Water quality (TSM) – Thun & Brienz lakes 2016



Water quality (TSM) – Thun & Brienz lakes 2016



Water detection – Drought impact (2018)





Rhône glacier – 1985/2018/2020



2005/20171995/2005



Snow Cover changes for the last 20 years!
Permanent snow area decreased of 4% (2100km2) while surface where snow
is rare has increased of 8% (5200km2).



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


ESA UNCLASSIFIED - For Official Use Gregory Giuliani | ESRIN | 12/09/2019 | Slide  34

Aggregated indicators…
… are not enough for public policy!



ESA UNCLASSIFIED - For Official Use Gregory Giuliani | ESRIN | 12/09/2019 | Slide  35

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)



Sentinel-2/Sentinel-3 Data fusion
Land Surface Temperature

The black pixels represent locations with unreliable 

surface temperature measurements in the original, low-

resolution LST map

Pena et al., in prep



53



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



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




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
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• 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



Open to collaboration!



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/


