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Towards Global Recovery of Ecosystems and Environments

Reasoning

Our planet’s land, water and atmosphere are rapidly 
changing, with this particularly evident in the time-series 
of environmental data, including that provided through 
Earth observations.

We need understandable, viable and accessible 
solutions for planning our future, informed by the past 
and utilising predictions where appropriate.

The solution needs to be relevant from local to global 
scales to allow full engagement in addressing the 
climate and biodiversity emergencies.

Living Earth is one such approach that may contribute to 
our requirements.  

Glacier retreat 

Patagonia (From 1985)

Retreat of the Aral Sea,

(From 1985)



Land Degradation – a global issue
To halt, prevent, and reverse degradation, achieving a land-degradation-neutral world, humanity needs to restore 1.5 

billion hectares of degraded land by 2030.



Land Degradation – Many causes & effects



Land Degradation – Many challenges for monitoring and assessment
1. Data Availability and Quality
▪ Sparse ground data: Many regions, particularly in developing countries, 

lack reliable and consistent ground-based data.

▪ Temporal gaps: Infrequent monitoring limits the ability to detect trends or 

sudden changes.

▪ Spatial resolution: Satellite data may not be detailed enough for local 

assessments, especially in heterogeneous landscapes.

2. Methodological Inconsistencies
▪ Lack of standardization: Different countries or organizations use 

varying definitions and indicators of land degradation (MEDALUS, 

SDG15.3.1, …) > show different aspects of LD

▪ Complexity of indicators: Assessments often require integrating 

multiple biophysical and socio-economic indicators (e.g., soil erosion, 

vegetation cover, productivity, land use change), which can be difficult to 

measure accurately and combine meaningfully.

▪ Scalability: Methods that work at the plot level may not scale well to 

regional or global levels.

3. Integration of Different Data Sources
▪ Incompatibility: Remote sensing, field surveys, and socio-economic 

data often differ in scale, format, and quality.

▪ Data fusion: Combining multiple datasets in a coherent and analytically 

sound way remains technically demanding.



Land Degradation – Many challenges for monitoring and assessment
4. Dynamic and Multifactorial Nature of Degradation
▪ Complex causality: Degradation is influenced by climate, land 

management, policy, and socio-economic factors, making attribution 

difficult.

▪ Thresholds and reversibility: Identifying tipping points beyond which 

land degradation becomes irreversible is challenging.

▪ Lag effects: Impacts of land degradation may take years to become 

visible, making real-time assessment difficult.

5. Monitoring Degradation vs. Land Use Change
▪ Confounding factors: Land use change (e.g., urbanization or 

reforestation) can obscure degradation signals.

▪ Misclassification: Areas may be marked as degraded due to land use 

changes that are actually sustainable or beneficial

6. Socio-Economic and Institutional Barriers
▪ Weak institutional capacity: Inadequate technical and financial 

resources to implement monitoring programs, especially in low-income 

regions.

▪ Policy disconnect: Monitoring efforts may not be linked to land use 

planning or policy decisions.

▪ Stakeholder engagement: Local land users are often not involved in 

monitoring, leading to poor data validation and limited buy-in.



Assennato et al. (2020)…
…There is still the need for some technical improvement of LDN indicators to obtain an accurate land degradation 

picture, integrating also climate data as well as a better representation of physical and chemical phenomena.



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

Lucas et al. (2022)



Assumption…
…LD is (mostly) reflected in Land Cover change



Can we develop an integrated-
consistent-standarized-scalable 

monitoring and assessment 
system for Land Degradation?



Living Earth…
…is a standardized framework designed to provide consistent, flexible, and scalable classification of 

land cover data across various spatial and temporal scales. 

…developed to support environmental monitoring, land management, and sustainable development 

initiatives

...its modular structure accommodates diverse ecological and anthropogenic features, enabling users to 

harmonize local and global datasets.
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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



Constructing Land Cover Maps

PRIMARILY VEGETATED PRIMARILY NON-VEGETATED

AQUATIC OR REGULARLY 
FLOODED

TERRESTRIAL
AQUATIC OR REGULARLY 

FLOODED
TERRESTRIAL

Cultivated 
Terrestrial 
Vegetation

Natural/semi-natural 
Terrestrial
Vegetation

Cultivated 
Aquatic 
Vegetation

Natural/semi-natural 
Terrestrial
Vegetation

Artificial
Surface

Naturally
Bare
Surface

Artificial 
Water

Natural 
Water

Water

Make the undercoat

Overarching Environmental Descriptors

Level 1

Level 2

Level 3

Overarching Environmental Descriptors



CO DE Li fe form

A1 Wo ody

A2 Herbac eo us

A3 Tre es

A4 Shrubs

A5 Forbs

A6 Gramino ids

A7 L iche ns/ Mo sses

CO DE Canopy c over

A10 Clo sed (> 65 %)

A12 Ope n (40-65 %)

A13 Ope n (15 to  40 %)

A15 Sparse (4 to  15 %)

A16 Scatt3ered (1 to 4 %)

CO DE Canopy h eight

B5 > 14 m

B6 7 to  14 m

B7 5 to  7 m

B8 2 to  5 m

B9 0.5 to 2 m

B10 < 0.5 m

CO DE Le af  typ e

D1 Broad-le ave d

D2 Ne edle-le ave d

D3 Aphyllou s

CO DE Le af  pheno logy

E1 Evergre en

E2 De ciduou s

E3 Mixe d

E5 Mixe d (Forbs, graminoids)

CO DE Stra ti fi catio n

F1 Sec on d laye r abse nt

F2 Sec on d laye r pre sen t

CO DE Water season ali ty

C1 Water >  3 month s, semi(-permanen t

C2 Water <  3 month s (tempo rary or season al)

C3 Waterlogged

C4 Water <  3 month s (persisten t a ll day)

C5 Water >  3 month s (w ith  daily variation s)

Constructing Land Cover Maps

A12

PRIMARILY VEGETATED PRIMARILY NON-VEGETATED

A12 . A4 . A12 . B10 . D1 . E1 . F1
Shrub, open (40> 65 %) canopy cover, short (< 0.5 m), broadleaved evergreen with no second layer

Add in detail

Essential Environmental Descriptors
Needed to fully construct the FAO LCCS



Put in the frame and other 
finishing touches

PRIMARILY VEGETATED PRIMARILY NON-VEGETATED

Constructing Land Cover Maps Additional Environmental Descriptors



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. 
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2018-2019

Observed Change

2010-2020 2017-2018 2019-2020 2017-2020

LCCS Level 3 Extent Gains

LCCS Level 3 
Extent losses

LCCS Level 3 No Change in Extent

Modifications and conversions at LCCS Level 3

LCCS Level 3 Extent Losses
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Evidence for each of the 77 impacts is gathered by comparing the environmental descriptors used to 

construct and describe the land cover maps between any two time-separated periods.

Evidence for impacts



Vegetation dieback Vegetation extent (loss) Vegetation amount (reduction) Vegetation amount (gain) Vegetation extent (gain)

Anchoring

Cold snap

Drought

Heatwave

Increased wind

Non-insect herbivory (natural)

Pathogens

Pollution

Prolonged inundation

Prolonged snow cover

Sea level fluctuation

Soil salinisation

Water salinization*

Colonisation

Wave action

Deforestation

Drought

Excess rain

Farmland abandonment

Land reclamation

Sea defence construction

Strong winds

Vegetation clearance

Wave action*

Coppicing

Decreased nutrient supply in soil

Farmland abandonment

Fuelwood collection

Harvesting

Insect herbivory

Mowing

Non-insect herbivory (natural)

Overgrazing (natural)

Overgrazing (stock)

Pesticide application

Sedimentation

Selective logging

Stubble burn

Thinning*

Bushfire recovery

Ecological restoration

Encroachment

Farmland abandonment

Fertilizer application

Growth

Reduced or cessation of grazing

Reforestation (natural)

Reforestation (plantations)

Regrowth

Removal of herbivores

Revegetation

Thinning

Urban greening

Vegetation thickening*

Ecological restoration

Greenspace construction

Mine site rehabilitation

Planting

Rehabilitation

Revegetation

Snowmelt*

Identifying and evidencing pressures
Each of the 77 impacts is linked to a number of driving pressures (144 in total)

AfforestationBushfire Bushfire Afforestation



Broad description

‘Cultivated’ Terrestrial 
Vegetation

More detail

• Woody shrub

• Canopy cover (40-65 %)

• Canopy height (0.5 m)

• Broadleaved

• Evergreen

• No second layer

• Not waterlogged

Additional information

• Above ground biomass 
(10 kg)

• Canopy cover (55.5 %)

• Species A 

Recap
Environmental 

descriptors used to 
construct land cover 

classes

Conversion
(off diagonal)

II: Evidence for impacts III: Identifying 
and evidencing 

pressures  

V: Future landscapesI: Observed change

Modification
(on-diagonal)

Sequential and/or 
simultaneous

IV: Linking 
impacts with 

pressures

Planning Actions

NATURAL TERRESTRIAL VEGETATION
Trees closed canopy (< 10 %) tall (< 2m) broadleaved 
evergreen with no understory; canopy cover of 50 (± 

10) %, above ground biomass of 15 (± 5) Mg ha-1, 
dominated by Birch (Betula pendula)

A12.A3.A15.B8.D2.E2.F2
- 50 (± 10). 15 (± 5) .144

NATURAL TERRESTRIAL VEGETATION
Trees closed canopy (> 65 %) tall (>14 m) broadleaved 
evergreen with an understory; canopy cover of 72 (± 

5) %, above ground biomass of 170 (± 15) Mg ha-1, 
dominated by European beech (Fagus sylvatica) 

A12. A3.A10.B5.D2.E2.F1
-72 (± 5). 170 (± 15).676

Sources of pressure 
data

Different pressures 
linked to impacts

Gathering through time-series 
comparison of environmental 

descriptors

Defined units or categories

Designing landscapes

Visioning

Impact (pressure) Pressure > Impact





Living Earth - in Action
Living Earth has been developed for local to national implementation, including through the newly 

established Welsh Data Cube, Geoscience Australia’s Digital Earth Australia, the Swiss Data Cube and 

CSIRO’s EASI. 

2018 2023

Malaysia Papua New Guinea

Switzerland

Australia

Wales, UK

1988-
2020



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

Change framework

Landscape Mosaic

Other…

Land Cover 

LCCS maps - 

analysis

DATA

National & 

Regional 

Data 

sources

FUTURE

Land Change Modeler

Projections & 

Scenarios

Other…



Switzerland – Level 3 [2018]



Switzerland – Level 4 [2018]



Central Switzerland – Level 3 [2018]



Central Switzerland – Level 4 [2018]



Geneva – Level 4 [2018]



Landscape Mosaic Model

More than 90% of the earth's land surface has experienced some human impact. As human populations continue to

expand and migrate, they alter the earth's landscapes. Natural processes and human activities spatially interact 

to produce an ever-changing mosaic.

The Landscape Mosaic model quantifies and maps the spatial juxtaposition of different land uses. 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. 

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. The classification model 
is designed to identify anthropogenic activity (land 

cover classes falling in the categories Agriculture 

and Developed) in relation to natural land cover



Landscape Mosaic Model



Vogt P, Wickham J, Barredo JI, Riitters K (2024) Revisiting the Landscape Mosaic 
model. PLoS ONE 19(5): e0304215. https://doi.org/10.1371/journal.pone.0304215

Landscape Mosaic Model



Switzerland – Sentinel-2



Land Cover



LM - 19 classes



LM - Background



LM - Agriculture



LM - Natural



LM - Developed



LM - Diversity



LM – Anthropic Intensity



LM - Naturality



How can we benefit from Living 
Earth in MONALISA?



Produce consistent time-series of Land Cover…
…a request from case study in T4.1



Most of ESAI/SDG layers & soil attributes are EDs…
…L3 = Land Cover & L4 = Land Degradation attributes

…we already started to map attributes (ESAI/SDG/soil) [Audrey, Thomas, Antonio]

…we could integrate most of data already produced/used in MONALISA



Stack of key layers for LD monitoring and assessment…
…explore the different/multiple dimensions of LD (LDCube)



Enable multi-scale analysis…
…local to regional data integration



Landscape Mosaic to identify drivers…
…natural vs anthropic

Bär et al. (2023)

Anthropic intensity

Naturality



Define impacts/pressures specific to LD …
…and integrate them in the Evidence-Based Change Framework



Depending on data availability…
…enabling time-series analysis 

…a step towards a dynamic LD monitoring and assessment system

Urban expansion  (Perth, Australia) Mine dynamics (Western Australia) Crop dynamics (Murray Darling Basin)



Effective links between WPs…
…especially WP2-3-4



Nostradamus & LandShift…
…Living Earth in a Box

+



Perspectives and next steps…
…in MONALISA for Living Earth for LD

> Define soil attributes to be integrated

> Define impacts/pressures specific to LD

> Magnitude/Severity of LD

> Uncertainty

> Ecosystems Multi-functionality
> LDN targets

> Any other ideas?



Collaborate & co-create together!



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

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