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The Big Challenge…



Actionable Insights based on evidence

Each step up the pyramid answers questions about and adds value to the initial data.



Global Volumes of EO data
Landsat: 600 images/day | 10+ million images | 4+ PB 

Sentinels: 30’000 images/day | 54+ million of images | 320 PB

… and many other satellites (~70) are continuously observing 
the Earth



“The Landsat satellite is capable of taking a complete photograph of the entire planet every two weeks, 
and it’s been collecting data for more than 20 years. In spite of the great need for that information, the 

vast majority of this images have never fired a single neuron in a single human brain. Instead, they 

are stored in electronic silos of data.”

Understanding our planet in the 21st Century

Al Gore, California Science Center, January 31, 1998



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



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

Time

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.



Our vision

The Swiss Data Cube (SDC) (operated by the University of Geneva and the United Nations Environment

Programme/GRID-Geneva together with the University of Zurich and the Federal Institute for Forest, Snow and

Landscape Research) is aiming at providing a routine, reliable and operational service, using satellite Earth

Observations (EO) to deliver decision-ready products enabling policy makers, scientists, the private sector and

civil society to address social, environmental and economic changes at the national scale and develop an

ecosystem for innovation across sectors.

The Swiss Data Cube - Insight for action

The SDC will improve our understanding of Switzerland’s changing landscape, 

providing much needed insights, knowledge and analysis for more informed, 

strategic and inclusive decision making across the country. This information will 

benefit policy makers and public officials, enabling them to make better 

decisions, and will increase commercial efficiency and economic growth for 

businesses and entrepreneurs across the country.



40+ years
FROM 1984 to 2025

10-30-90m
PIXEL RESOLUTION

10 sensors
LANDSAT 5/7/8/9; 

SENTINEL-1AB/2AB/3/5P

> 450 million
PIXELS

> 3000 billion
OBSERVATIONS

~ 80’000 images
INGESTED

~30 TB
ANALYSIS READY DATA

~40 millions CHF
COST OF DATA WITHOUT OPEN 

DATA ACCESS POLICY

SWISS DATA CUBE in Numbers
A unique Analysis Ready Data Archive Updated every week!

Official gov. data 
DEM; Climate models; Land 

Cover,… 

EO data products 
NDVI, NDWI, EVI, LAI, … time-series

Chatenoux B., Richard J.-P. Small D., Roeoesli C., 

Wingate V., Poussin C., Rodila D., Peduzzi P., 

Steinmeier C., Ginzler C., Psomas A., Schaepman M., 

Giuliani G. (2021) The Swiss Data Cube: Analysis 

Ready Data archive using Earth Observations of 

Switzerland, Nature Scientific Data. 8:295 
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SwissEnvEO
http://geonetwork.swissdatacube.org 

2TB of freely available satellite-derived national 
time-series data products (NDVI, LAI, …) – FAIR 
compliant

Data & Analysis services
Seamless access to the SDC content

▪ OGC: https://ows.swissdatacube.org/

▪ STAC: https://explorer.swissdatacube.org/stac 

▪ Jupyter Hub: https://jupyterhub.swissdatacube.org/

Collaborations
Who already benefits (or is interested) by the SDC?
▪ National: BAFU, swisstopo, FSO, …
▪ Cantons: Geneva, Vaud, Valais, Neuchâtel, Zurich, Ticino

▪ International: Australia, Brazil, Chile, UK, Greece, Israel, 

Armenia, …
▪ Private sector: Litix, WeGaw, PicTerra 

▪ Universities: Bern, Basel, ETHZ, Lausanne, Geneva
 

Scientific impact
Enhancing environmental monitoring

▪ 26 publications

▪ 60+ presentations

▪ 20+ interviews, newspaper, …
▪ 10+ scientific projects supported

SDG monitoring
Following progresses towards policy framework

▪ SDG 6.6.1: change in water extent

▪ SDG 11.7.1: urban green areas

▪ SDG 15.3.1: land degradation

▪ SDG 15.4.2: mountain green cover index

Environmental monitoring
Supporting national & cantonal monitoring activities

▪ Snow cover change over the last 35+ years

▪ Impact of droughts on vegetation and rivers

▪ Identifying new protection areas with high archeological potential

▪ Identifying impervious areas to support climate action plans

▪ Contribution to air quality monitoring

▪ Identifying dust to better predict concentration of pollutants 



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 
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Chatenoux B., Richard J.-P. Small D., Roeoesli C., Wingate V., Poussin C., Rodila D., Peduzzi P., 

Steinmeier C., Ginzler C., Psomas A., Schaepman M., Giuliani G. (2021) The Swiss Data Cube: 

Analysis Ready Data archive using Earth Observations of Switzerland, Nature Scientific Data. 8:295 

https://doi.org/10.1038/s41597-021-01076-6 

• 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.

SDC Open & Reproducible EO Science
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Improving snow cover detection…



Multi-sensor fusion…



Projections (using CH2018 scenarios)…

-12%

-39%



Sharing the full dataset…



How to move from a system that shows states/impacts…
…to an integrated system to identify DPSIR & predict future landscapes?



Digital Twin…
…It is an evolving, virtual representation of an object or process that uses 

data from, and observations of, its physical counterpart (Spatial Digital Twins, 2022)

G. Di Marzo Serugendo, A. -F. Cutting-Decelle, L. Guise, T. Cormenier, I. Khan and L. Hossenlopp, "Digital Twins: From Conceptual Views to Industrial Applications in the Electrical Domain," in Computer, vol. 

55, no. 9, pp. 16-25, Sept. 2022, doi: 10.1109/MC.2022.3156847.



Living Switzerland…
…unique capacity to capture consistent and scalable information on the 

states and dynamics of past and present landscapes that can inform 
planning for the future. 
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DIGITAL INFRASTRUCTURE (BASED ON THE OPEN DATA CUBE)

ENGAGEMENT (E.G. ACADEMIA, GOVERNMENTS, RESEARCH AND SPACE AGENCIES, NGOS, 
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Calibration and Validation

Living Earth – Concept and Approach



Classification of land cover
Living Earth uniquely constructs land cover classes from environmental descriptors (EDs) retrieved or classified 

primarily from EO data and according to the Food and Agriculture Organisation (FAO) Land Cover Classification 

System (LCCS).



Environmental Descriptors: Categorical or continuous

Defined units

Defined Categories



Broad description (Level 3)

• ‘Natural’ Terrestrial Vegetation

Additional information

• Above ground biomass (10 kg)

• Canopy cover (55.5 %)

• Species A 
More detail (Level 4)

• Woody shrub

• Canopy cover (40-65 %)

• Canopy height (0.5 m)

• Broadleaved

• Evergreen

• No second layer

• Not waterlogged 

If defined units or categories are used, 
then the descriptors and overall 
description are completely scalable in 
space and time.

Environmental Descriptors: Categorical or continuous



Evidence-Based Change Framework (EBCF)
Living Earth partners developed Evidence-Based Change Framework with this building on the Driver-Pressure-State-Impacts-

Response (DPSIR) framework and a Global Change Taxonomy. Currently, 77 impact and 144 pressure terms are defined, forming 

246 combined ‘impact(pressure)’ classes.  The use of EDs with pre-defined units and codes ensures scalability of the Living Earth 

approach across space and time. 

Comparisons of LCCS maps and contributing EDs between time-separated periods allows evidence for change impacts to be 

gathered and linked to driving pressures to ascertain causes and consequences. 



PAST PRESENT

INFORMATION
Relations

KNOWLEDGE
Patterns

UNDERSTANDING
Reasons Princples

WISDOM

L3 Layers

L4 Layers

Production of 

EDs

Living Earth

Land Cover 

LCCS maps -  

production

Earth Track

Land Cover 

LCCS maps - 

validation

DATA

National & 

Regional 

Data 

sources

FUTURE

Land Change Modeler

Projections & 

Scenarios

Other…

Change framework

Landscape Mosaic

Other…

Land Cover 

LCCS maps - 

analysis

Schema Transform



Switzerland – Level 3 [2018]



Switzerland – Level 4 [2018]



Central Switzerland – Level 3 [2018]



Central Switzerland – Level 4 [2018]



Yearly maps to observe changes
…1984-2024 (Landsat) – 30m & 2018-2024 (Sentinel-2) – 10m



▪ Land Cover: Switzerland [NOLC04] - Global [IPCC & ESA CCI] -  European [CORINE]

▪ Habitat: Switzerland [TypoCH] – Europe [EUNIS]

▪ Ecosystems: European [MAES]

Translating to other types of information



NOLC04 – Level 1



MAES – Level 2



IPCC – Level 1



Patterns of land use change in Southeast China under a Scenario 

(Zhang et al. 2023).

1. Data Input
▪ Remote sensing data

▪ Other ancillary data (climate, soil, topographyвь

2. Land Cover Time series
▪ Land cover maps at multiple time steps

▪ Classification / labeling of land cover types

▪ Time series dataset of land cover changes

3. Change Analysis
▪ Detection of transitions between land cover classes

▪ Transition probability matrix (Markov chain)

4. Cellular Automata Modeling
▪ Neighborhood rules for spatial dynamics

▪ Incorporate spatial constraints

▪ Simulate land cover dynamics

5. Future projection
▪ Apply CA-Markov model

▪ Generate projected land cover map for future years

▪ Scenario analysis (urban expansion, climate

ŔůƓċĦƣв

6. Outputs and Evaluation
▪ Projected land cover maps

▪ Change statistics

▪ Model validation

Projections



The Landscape Mosaic is a tri-polar classification of a location accounting for the relative contributions of three prevalent land 

cover types, i.e., Agriculture, Natural, Developed in the window surrounding that location. It provides a landscape perspective of 

anthropic threats posed by agriculture and urban development, and the spatial-temporal shifting of the landscape mosaic 

indicates landscapes where anthropic intensity has changed. 

Landscape Mosaic Model…
…identify natural/anthropic impacts



LM Stratification layers…

Agriculture Natural Developed

Diversity Anthropic Intensity Naturalness
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