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Actionable Insights based on evidence

Wisdom

Knowledge

Information

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



Global Volumes of EO data
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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




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



_informz
support evidence-
based decisions?



Traditional remote sensing product process

0 AL

e®

Petabyte 7

heirarchical

archive: A
Search catalogue |dentify footprint Client requests
order scenes. of product in product.
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scenes. Tape store Orthorectification Feature extraction, Product

accessed by robot. calibration, cloud algorithm packaging
masking, atmospherig application and delivery.
correction, mosaicing, spectral unmixing. /

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...
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Analysis Ready Data prOdUCﬁOﬂ (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.

... and Use

Courtesy of GeoScience Australia
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A single time slice, similar to a standard
“scene” can be used to assess a single
point in time.

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.

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

Adapted from CEOS
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The Swiss Data Cube (SDC) (operated by the UnlverS|ty 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 mnovatlon across sectors
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The SW|ss Data Cube - InS|ght for actlon

= The SDC will improve our understanding of Switzerland’s changing landscape, [ %
providing much needed insights, knowledge and analysis for more informed, | 3
| strategic and inclusive decision making across the country. This information will
o benefit policy makers and public officials, enabling them to make better {
decisions, and will increase commercial efficiency and economic growth for 'ﬁ.; "
businesses and entrepreneurs across the country.




40+ years

g FROM 1984 to 2025
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COST OF DATAWITHOUT OPEN
DATAACCESS POLICY

ANALYSIS READY DATA
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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
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Environmental monitoring
Supporting national & cantonal monitoring activities

Snow cover change over the last 35+ years

Impact of droughts on vegetation and rivers

|dentifying new protection areas with high archeological potential
|dentifying impervious areas to support climate action plans
Contribution to air quality monitoring

Identifying dust to better predict concentration of pollutants

WAL

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

Scientific impact
Enhancing environmental monitoring

26 publications

60+ presentations

20+ interviews, newspaper, ...
10+ scientific projects supported
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- Collaborations

Data & Analysis services

W UM T

T thgwfﬂ
Who already benefits (or is interested) by the SDC? %
=  National: BAFU, swisstopo, FSO, ... 3,
= Cantons: Geneva, Vaud, Valais, Neuchatel, Zurich, Ticino
International: Australia, Brazil, Chile, UK, Greece, Israel,
Armenia, ...

= Private sector: Litix, WeGaw, PicTerra

= Unlversmes Bern, Basel ETHZ, Lausanne Geneva
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“’“ " 2TB of freely available satellite-derived national

* time-series data products (NDVI, LAl
compllant

...) - FAIR

k.5 ¥
g .

..- L
e L

Seamless access to the SDC content

» OGC: https.//ows.swissdatacube.org/
» STAC: https://explorer.swissdatacube.org/stac

= Jupyter Hub: https //jupyterhub swissdatacube.org/ ;,
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SwissEnvEO: a FAIR national EO environmental database
http://geonetwork.swissdatacube.orqg
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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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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 Open Data
compliant. Open
* Open Notebooks: All algorithms Notebooks
are documented and openly S
available. Open Peer SG'E“.“T“
. . Revi 50CIa
* Open Access: All publications i hetworks

Open
educational

« Open Source: All applications

 Open Educational Resources: resources
Bringing ODC into practice.

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
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Improving snow cover detection...
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Improved Landsat-based snow cover mapping accuracy using a =
spatiotemporal NDSI and generalized linear mixed model

Charlotte Poussin ™™, Pablo Timoner®, Bruno Chatenoux”, Gregory Giuliani ",
Pascal Peduzzi ™"
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ARTICLE IMFD ABSTRALCT
Heywanls Snow eover exvEl asd dioributon over the yesrs have o sgsdficant impect on hydrological, terrenmial, snd
Lamnclecsi mnow oqwer datnsels limatologic processes, Ssow cover mapping scourncy using remote sensing data & then particularly important.
NUES ek b This sudy analyses landsatf NDSL snow cover datisets over tme and space using differcmn NDSI-based
m&uﬁ appeoach, The chinctives are (i) o mmvestigate the relation o WDEE with different enviromeental variabies,
e 13 1o evabmare the aoouracy of the common NOS1 taneshold of 0.4 agaizer g snow depth Measurement snd
erallped Tness mised misdel . P
{1} o develop 2 method that opdimizes o cover accuracy and o cover detection

errors ol omission and esmesieies, Londsat-B anow cover dstiets were compartd 1o ground mew Seprh
measurements of climate smiioes over Swinerland fof the poricd 20014-2020. I wis found that there is &
gunsistent relaticoship between MDS] volues and lasd cover fype, elmvation, sensons, and sow depth mes-
swremess. The ghebal NDSI chreshold of 0.4 may not be always oplmal for the Swis erritory asd iends to
umdere=timate the mow cover extent. Best NDSI threshiolds vary spatially and are gemeraily lowes than 0,4 for the
thees cnow depth twashnld tested. We cherelore propose a new spatiotemporal BDS] mechod 10 ssaximizs snow
caver mapping accuracy by using @ generafized Enear mived model (GLMM], This mode| uses three environ-
wvencal variables (Le, elevatim, lond cover 1ype and seasons) and raw NDE] values and Emproves snow cover

i ¥ by 24% comvpared to che fxed thresheld of 0.4, By using this mechod cestelens emors decrease
w.nsld.u'ublr 'llh.lbe keeming & very bow value of commisdon oors. This method will then be integrated in the
Sncw Observation from Space (5085) algorithes used for snow detection In Swieedand,

'snow || NoData - Difference

1. Introduction
11 Mordtering smow cover from oprical satelling senors

S distribution, extension, duration, and snowmelt tming are
considered as Essential Chimate Varzables (ECVs) by the Global Climate
Dbeerving System's (GOOS) (Bojinaki er al, 2014), Snow eover ans
estimation is crucial for many applications such as Eydralogical
muodedling, natural hazards and regional climate change studies, water
ELIRE EAMAREMEnL, winker tarizm or moanain ecology {Tebell 21 al,
2005; Parajka and Bldschl, 2008; Grimewadd aed Lebning, 2001).
Mumercus applications of Earth Observatlons (EO0 images have

demonstrated that remate sensing snow cover products are an inter-
esting alternative to complement ground-bassd ohservations (Parajios
ofal, 2012)L The repetitive synopric coverage of messurements offepad
by sarellite images aflow experts to monitor the vast temparal and
spatial vadabilicy of snow cover where ground messusements may be
expensive and dangerous (Zhamy et al, 2019; Kaolin, 2000; Chokmand
enal, 2013) Therehore, for more than 40 pears, snow was successfully
magped from space using a variety of satellite sensars (eg., Landsat,
falwanved Very-High-Resolution Radicmerer (AVHRR), Moderate Res-
olutkon Inshging Spectiomeness (MODIS), Sentinel) depending oo the
desired temparal and spatial resoluticn (Maolin, S0 Lemke o al, 2007
e et al, 200% Hall 1 al,, 20010 ; Doxior asd Paimter, 2004: Da oo

* Cosrespoiding sethor. University of Geneva, Irstinge for Esviroomental Sciesees, GRID-Geseva, Bd Carl-Vog 66, CH-1211, Geneva, Switzertand.

E-musll pddress charione, pogssin@umige.ch (C. Poussind,

hinps:/rdoi.org 1k 1GEG.ora 2023 10078
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Avallable anllne 20 Febnuary 2023
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Multi-sensor fusion...
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Shenoe of Remate Sensing 11 (2025) 100183
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Snow observation from space: An approach to improving snow cover

iis

detection using four decades of Landsat and Sentinel-2 imageries

across Switzerland

Charlotte Poussin“"* %, Paseal Peduzzi ", Gregory Giuliani "¢

* Uiy of Geneva, Rstinne B Batrovnsnnl Sasvean Ba Cor-Vegr 88, DF-1200, Geneve, Swiseniond
* limveraty of G, Dt LA o for Svinorimmt and Wi Soi, Facsly of S, S Sad-Vogt 65, 08 1218, Gmon, Smitzeland
* UNEPAGRIG Genen, 1T ol dhes Awdmiones, CH-I278, Chirelaing, Switeeriand
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Erpwandy
Whalti-seraors snow cover poducts
Lesrgg-iermi Loe sevien

Dptical remoe sensng

Lamibun

Smlinel-2

Dump cube teghmolagy

Cloud eoier obatrdine

ABSTREACT

Landsat asd Senninel-2 svellins offer significant advancages for monlicaisg snow COVET Over Mousgxinous
gountries like Switzerland, Starting in the 19908, Landsst dats provides gver 50 vears of medium resolution
imagery. However, the maln limicstion of opieal wagery & clowd cover. Cloud obsruction & partkealarly
challeeging for Landsst and Sentinel-2 dats, which have Fmited temporal resclutions. In this study we present
ihe Soow Observailon From Space (SO05) algoritun composed of seven successive temporal and spatal techs.
nhjues b radace chosd coversge in the Final snow cover products. We used longoerm Landsar and Ssntinel-2
datasis available froms the Swiss Data Cube, The remlts indicate that the fltering techmigues are efficient @n
seducing cloud cover by helf while sill leaving &n sverage of les than 30% of cloud cover, The scoumcy of the
entire algorithen is evalusied over Switzerland, using in-sity mesisurements of 263 climate stalices in the pericd
19842021, The validation resdlls shaw an agresmenl between 5005 dacsset and ground snow obeervalbs wil
an mverge scouracy of 93%,

1, Intraduction

For an alpine coantry like Switsesland, monitoring snow paramees
e, cover, depth, ) &t different spatial and temporal scales is
furdamental. Snow distribution, extenson or duration are important
envienmental indicatars for varong sectors, such &8 socioemnemic
acovitbes {Schmucki =t al, Z017), natural hazards and water manage-
ment {Gandard ot al, 2004), &nd ecolegy (Vicasse eLal, 2017), Sinoe the
19805, a variety of optical sensars (e.g. Landsat MSS/THWM/ETM + /00,
Advancad Very-High-Resolution Rediomeier (AVHRRY, Moderane Res-
clution Imaging S x (MODIS), Sentinel2 MST) have bean
effectively used to map snow cover ot different spatial and e poral
resohetians (Bames =t al,, L, 20X, Doxier et ad,)

3 el gi,, DD Lembe
-.\J] I.mI.ﬂ:cI.. Hdd.'lll: data pdfer numeroas advan.
r.nges. such as the ability o monitor vegulasly snow cover aneas over
large regions, making them an indispensable ool o complemen
traditinnal smow measurements swch 2 mesitn datasst (Chang e 2,
20190, With des hilgh remposal resolution {1 dayh, MODES represents the

st widedy vsed sensor for snow related resesrch (e Doslnayak ool
202 Dietx et nd |, 2012 Foppa et ok, 2002; Wang et 51, 201 5). However,
a spatlal resalution of SO0 m is o snitable 0 represeniing snow cover
dynamics for mountaines regions ke Switzerland (lage wpographie
wariability in a rather small aren) where spow cover properties vary at
weales 10m-100m [Bichl, 19990, Purtbermore, MODIS oaly has
2d-year data archive (Le., starting in 2000], thus [imiting the kang-tenn
ohservation of anow cover, which iz very valuable for climane susdis
anud historical water availability assessment {Gafuroy ef ol 2005} With
Fong-term data ecords and their medium to bigh sparial reselutions,
Landsat sensors are good candidates for assessing and mondtoring snow
coves dynamics over the Swiss territory. The unique Landsan kg term
data recard (strecching over 80+ years) is cumrently srengthened by the
Sentlmel-2 conswelbation, which provides even higher spatial, temporal,
and spectral resolution (Drusch 2t al., 200 2) The combination of the two
wersors provides much denser time serfes, which allow monitoeing both
abruptand gradual ehange [Mandanicl ot al, 2016 Runge o sl 2009,
However, the major Hmitation when using optical data is the high
aumber of pixels overkaln by clouds (Dorg et o, 20065 Gafueoy eval.

* Comrespomding sethor. University of Geneva, Irstinge for Esvironmental Sclesees, B Card-Vegr 66, CH-1205, Geneva, Switzerland.
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Past and future trends in swiss
snow cover: multi-decades
analysis using the snow
observation from space algorithm

Charlotte Poussin®®**, Pablo Timoner @ 2, Pascal Peduzzit®*
and Gregory Giullani***

1, “Depanimant FoA
HETEND

Despite the large avaitabitty of satellite and in-sie data on Spow Ccovar in the
Haorthern Hemlsphere, long-temm assessments ot an adequate resolution o
capiufe the complexties of mountainous terans remaln lreted, pariculady
tor countries Bke Switzerland. This study addresses this gap by emplodng twe
products—the monthly NDS! (Mormalized Difference Snow Index) and snow
cover products—denved from the Snow Observation from Space (SO635)
algarithim o monitor snaw cover dynamecs across Switzerand over the past
37 years. The paxel-wise anatysis reveals significant negative trends in the monthly
MO across 2l seasons, with the most pronounced decreases a1 low to mid-
sevations, particulatly in winter and spring {e.0. a 50K reduction in NDSE for
pleels showing positive significative trerds in winter betow L000 m, and a 43%
reduction in spring Detween 1000 and 2 000 ). Simiarly, snow cover area has
declined significantly, with reductions of -13% to -15% in spring for the
transitional zones between 1L000-1500 m and 1500-2.000 m. Furthermore,
the monthly KOS values are more strongly influenced by temperature than
precipitation, especially at fower altitudes. To estimate trends in snow cover for
he 215t century, we modelled the relationship between snow presence and two
climatic varlabies (temperature and precipitation) using a bincenial generalized
tinear mixed maodel (GLMM). in the context of chémate change, projections undes
vanous greenhouse gas emission scenarios suggest further declines in snow
cover by the end of the century. Even with moderate chmate action {RCE 2.6},
snowe-Tree areas could expand by 22 at lower elevations by 2100. Under the
micre axtreme scenara (RCP B.5), snow-free regions could increase by over 4335,
with significant impacts during the transitonal months of April and May. The 505
algarithm, developed within the Swiss Data Cube, provides valuable insights inta
snow cover dyramics across Switzerland. Complementing in-situ observations,
tnis imnovative approach |s essential for assessing snmow cover changes ard
guiding adaptation strategles #n a country where snow s nob only an
amvironmental indicator but alse a cultural and econcemic asset.

ARG
Earth observations, Earth observation data cube, Lendsat and Sentinet-2 multi-tensor
Hime series, snow cover changes. climste ¢hange, represantative concentration
pathwiay scenanos

a1 froREiRrsinarg



Sharing the full dataset...

=
& /® SwissEnvED Q Search @ Map | Signin - English =

scientific data

OPEN A 37 years [1984-2021] Landsat/
£ Snow Cover - Monthly [1984-2021] ovenview patapescripTor  Sentinel-2 derived snow cover
time-series for Switzerland
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This dataset is a time-series of monthly snow cover maps over Switzerland computed from Landsat & Sentinel-2
Analysis Ready Data (ARD) for December 1984 to December 2021

These maps quantify the presence/absence of snow using the Snow Observation from Space algorithm
developed by Poussin et al. in: https://dol.org/10.1016/.5rs.2023.100078 and In a submitted paper (Snow
Observation from Space: An approach to map snow cover from four decades of Landsat and Sentinel-2
Imageries across Switzerland).

Switzerland, renowned for its mountainows landseapes, holds nearly 10M of Europe’s water reserves,
with &0% of its renning waters originating from snoewrmelt. Snow plays a crucial rabe in the country's
water management, hydroelectric power, and slpine ecosystems. It supports freshwater supply,
agriculture, and tourism, meking socurate wnow monitaring vital for resource management and
environmental preservation. Climate change, however, threatens snow cover, impacting water
svailabifity, biodiversity, and scosystem services. Remat ing technologies have emerged as

key tools formanitoring snow cover, providing eritical data for clisnte modets, hazard prediction,

and resource planning. In Swliunland snow cover [s monitored using ground-based measurements,
remote sensing, and climate models, wilh datasets from satellites like Landsat and Sentinel-2 offering
walvable insights despite challenges such as eloud sbstruction. Sech data are essential for ydrological
madelling, agricultural monitoring, and dimete studies, contributing te sur understanding of global
warming and aiding in natural hezard assessment. Hereafter, we present a 37-year monthly time-sedes
af snow cover derived from Landsat and Sentinel-2 data using the Snow Observations from Space
algarithrm and processed in the Swiss Data Cube that facilitates the analysis, production and revse of
this Essential Climate Variabie, enhancing environmental monitoring efforts at national scale.

Snow cover is an Essential Climate Variables (ECV) playing a significant role in the climate system due to its high
albedo and heat insulation. Snow cover also contributes to soll moisture and runoff, making it a crucial variable
for monitoring climate change.

Values ranges from 0 to 2. The monthly snow cover praducts have values ranging from 0 to 2 with the following
classification for each pixel:

* 0 when the pixel is snow-free (.e., land),

* 1 when the pixel is covered with snow,

« 2 when the pixel is covered with clouds (including cloud shadow),

* NA when the pixel is classified as water or lies outside of Switzeriand.

kv 2o B ; Background & Summary
Data format: GeoTiff Switzerland is internationally known for its snow-covered mountainous landscapes and rmgniud. as the
“water castle of Europe” hawing abmost 10% of Eurape’s waler reserves'. Among these reserves, 40% of ranning

@ Temporal extent waters come from snowmelt' ™, making snow 2 critical element of the water cycle for both Switzertand and the
Compieted Earapean region. Snow plays a eritical role in water resources management, h-&odedn':pmurg:malim, and

Publication date the alpine ecosystern. Furthermare, snow-covered mountains attract tourists for winter sports, contributing sig-

nificantly te the Swiss econamy®. Snow alse infleences bocal dimate conditions, :ﬂ'ﬂ:tlng agriculture and natural

Download and links 2024-08-07 habitats. Consequently, accurate monitoring of snow cover is vital for managing water resources, ensusing

en:rg;ysecunl} supporiing economic activities, and preserving ervirenmendal health in Switzerland®7

Period Mounlainous environments are pl:hnﬂarl'y sensitive 1o duumdlang! with studies :bu‘wmgﬂu& wWarm-

ing is more pronounced at higher devations, resulting i glacser retreat, reductions in the extent, quantity, and

1884-01-01 W 2021-12-31 duration of snow cover, and the thawing of permafrost’. Snow cover is also critical for understanding and pre-

Yareta Heposﬂory d.i.dmg\m:nvimmn:mai and climatic pmrﬂ::s’. Its high alhedo reflects i]arg: pminnnd’mh:n&iarjnr:

% Provided by back into space, influencing Earths energy balance. Mountainous environments are particularly sensitive to

https://doi.org/10.26037 /yareta:nqEphdtx4SczEgoqaxirsgjael climate change’, with studies showing that warming is more proncunced at higher elevations. This results in

glacier retreat, reduced snow cover, and thawing permafrost’, with prafound implications for water availability,
biodiversity, and ecosystem functivns’. According to recent cdlimate scenarios" for Swilzerland, the propor-

Oo Snow Cover - Monthly [1984-2021] - Switzerland Open link

i tion of water provided by snowmelt will decrease significantly’, affecting major rivers such as Rhane, Rhine
o sdec:snowcover Add to map K}’ and Danuhe Therefore, continuous monitoring of snow-related parameters is crudial to ;u.ppncrl and develop
wmMs SNOWCOVer efficient and effective miligaizon and IrL:pbaI:um measures to address environmental
Snaw cover i fundamental for ursderstanding and predicting varfous environmental and climatic processes”
This dataset is published in the view service (WMS) available at 8 Updated: It influerces Earths energy balance d:: toits h-sI; ;.Lbﬂh which reflects a hrgr'pq.:;m at :]ular ;:ﬁ::rﬁnlﬁk
hitps://geoserverswissdatacube.org/geoserver/ows? inta space. Monitoring snow cover i aleo pr g oaboral H as avalanches %
service=wms&version=1.3.0&request=GetCapabilities with layer ayear ago
ineversty of Geneva, Institte for Environmentad Sciences, GRID-Geneva, Bd. Cack-Vogt 68, Geneva, CH-1211
name sdc:snowcover.

Switzeriand. ‘University of Geneva, Institute for Envircnmental Sciences, enviroSPCE Lab, Bd. Cari-Vogt 66,
Geneva, (H-1711, Switrerdand. ¥e-mail: gregary givksni@unige.ch
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How to move from a system that shows states/impacts...
...to an integrated system to identify DPSIR & predict future landscapes?

Driving forces Why these problems? Pressures
Anthropogenic i Manageable—endogenic
- Natural » Unmanageable - exogenic
1 -
c & ”
o \O
o e ” Pathways?
c \\Nﬂ% ”
i~ Time/speed?
- ”’
£ | >
Responses o
| F?nlicies ” Restoration State of the environment
. Dracticas 6 - . S S e e * = Quarfnty
- Operations - = Galiny
P ~ 4‘?'6;;( Socio-economic states
N
%

Risk assessment
(includingenvironmental)
Cost-benefit analysis
Social/political perceptions

With what
effects?

Impacts (+ve and -ve)
-  Environmental effects
Socio-economic effects




Digital Twin...

...It is an evolving, virtual representation of an object or process that uses
data from, and observations of, its physical counterpart (spatial bigital Twins, 2022)

Type of twins

Use before a physical asset
exists (predigital twin)

Use after a physical asset exists

Static twin: Model with only static properties

Functional twin: Static twin including some
dynamic behavior capabilities (also called a
mirror')

Self-adaptive digital twin: Functional twin with
capacity to acquire real-time data and update
the model (also called a sncrr:mw1l: needsa
digital thread' keeping track of evolution and
communication with physical twin and following
the lifecycle of the digital twin

Intelligent digital twin: Self-adaptive digital twin

with autonomy, learning, reasoning, knowledge,

and acting capabilities; able to communicate
with other twins (also called an extended digital
twin, cognitive digital twin or physical ava tar');
needs information exchange between physical
and digital twin in both directions

List of digital properties of future
products (for example, catalogue
data); static model

Model usable for simulations of
what is likely to happen; useful
when prototyping a physical asset

Model with adaptive capabilities
in regard to system leve| test
conditions and scenarios to
optimize an asset choice

Selection and prototyping of
the right asset; could take the
place of physical asset-to-be

in prototyping and simulation
involving an ecosystem
combining other physical assets
and twins

List of digital properties of an actual product; static model

Model usable for simulations of what is likely to happen and
smart features, comparing the behavior of a real physical
asset and the simulated version from the twin

Synchronization with real-time data to refine a twin's
capabilities and expected behavior and make it as close

as possible to the real asset, model usabie for predictions,
maintenance, and simulations of what is actually happening
with the physical twin

Twin becomes an autonomous software agent equipped
with learning, sensing, acting, and autonomous capabilities,
exchanges data with a physical asset in a feedback loop and
with other twins, takes actions alongside or on behalf of
physical twin or complements It; could even discover on the
fly new capabilities and lead to better use of a physical asset
or replace the asset itself (for example, self-healing)

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.
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Earth — Concept and Approach

DIGITAL INFRASTRUCTURE (BASED ON THE OPEN DATA CUBE)
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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).

w
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Environmental Descriptors: Categorical or continuous
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Defined Categories

CROP TYPE

The crop type is the type of plants cultivated
in the fields during the main growing season.
The crop type can be, for example, maize,
potatoes, etc. The type of crops is important
for various applications such as hydrolegical
modelling, plant health, crop science,
environment monitoring, biodiversity
safeguard, etc. Indeed, the type of plants
directly...

READ MORE

Defined units

WOODY BIOMASS

Woody biomass is defined as the total
mass of living plant material per woody
area. Aboveground biomass plays a key
role in the carbon cycle and climate
processes. It can be measured through
direct or indirect in situ sampling (see
here) or estimated through
satellite/airborne sensors. Typically,
biomass in woody areas ranges between

0 (poorly...



Environmental Descriptors: Categorical or continuous

Broad description (Level 3) Additional information
« ‘Natural’ Terrestrial Vegetation « 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) If defined units or categories are used,
then the descriptors and overall
* Broadleaved description are completely scalable in

space and time.
« Evergreen

* No second layer

* Not waterlogged




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.

A New Global Change
Taxonomy and Evidence-

Drivers
Anthropogenic or

EVIDENCE-BASED

GLOBAL CHANGE

natural based Framework TAXONOMY CHANGE
248 CATEGORIES / 77 ImpacTs \
g e " Chances IN STATES
(ENVIRONMENTAL DESCRIPTORS)

Extent, amount

Lanb cover

From environmental
descriptors

Dieback (sea level fluctuation)

Consequences of state

Actions/measures by policy
and/or management

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.
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Switzerland — Level 3 [2018]

 Cultivated Terrestrial Vegetated
B Natural Terrestrial Vegetated
 Cultivated Aquatic Vegetated
. Natural Aquatic Vegetated
B Artificial Surface
| Bare Areas

Artificial Water
B Natural Water



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



Translating to other types of information

» Land Cover: Switzerland [NOLCO04] - Global [IPCC & ESA CCI] - European [CORINE]
» Habitat: Switzerland [TypoCH] — Europe [EUNIS]
» Ecosystems: European [MAES]



NOLCO04 - Level 1



MAES - Level 2



IPCC - Level 1



Projections

1. Data Input : . .
- Remote sensing data Patterns of land use change in Southeast China under a Scenario

= Other ancillary data (climate, soil, topographyBb (Zhang etal. 2023)-

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

I
3. Change Analysis

= Detection of transitions between land cover classes
= Transition probability matrix (Markov chain)

4. Cellular Automata Modeling
= Neighborhood rules for spatial dynamics
= |ncorporate 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

RIGcHIB
|

6. Outputs and Evaluation
= Projected land cover maps
= Change statistics
= Model validation




Landscape Mosaic Model...
...identify natural/anthropic impacts

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.



LM Stratification layers...

Agriculture Natural Developed

Diversity Anthropic Intensity Naturalness
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