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Programme Destination Earth (DestinE; 2021-2030)

“Here, the challenge will be to design a digital twin that 

allows users to intervene, extract information and influence 

the system trajectory across time and space, as done —

albeit often unwittingly — in the real world.”
Bauer et al., 2021 Nature Climate Change

Modified from
http://www.classic.grss-ieee.org/earthvision2020/july_stuff/webpage/keynotes/Loekken.pdf

Towards a Digital Twin of the Earth

https://www.nature.com/articles/s41558-021-00986-y
http://www.classic.grss-ieee.org/earthvision2020/july_stuff/webpage/keynotes/Loekken.pdf
https://digital-strategy.ec.europa.eu/en/policies/destination-earth


Merging data and models to predict FES

https://www.madames-ax.info/

Application scenario of key digital technologies (DESIRA Paper): 
forest management, monitoring and decision making

https://www.madames-ax.info/
https://desira2020.eu/contribution-ltvra-forestry/


The study site: Comunelli di Ferriere (Italy)

Spruce

Beech

PineOak

>5’000 ha (>90% wood)

http://www.consorziodiferriere.com.spazioweb.it/home


The model framework

https://www.cmcc.it/it/models/3d-cmcc-fem-three-dimension-forest-ecosystem-model

https://en.wikipedia.org/wiki/FORMIND

https://www.cmcc.it/it/models/3d-cmcc-fem-three-dimension-forest-ecosystem-model
https://en.wikipedia.org/wiki/FORMIND


The input databases

Global model Radiative forcing Regional model n. of bias correction methods

CNRM-CM5
rcp4.5 rcp8.5 CCLM4-8-17 1

rcp4.5 rcp8.5 RCA4 1

EC-EARTH rcp4.5 rcp8.5 RACMO22E 2

MPI-ESM-LR

rcp4.5 rcp8.5 CCLM4-8-17 2

rcp4.5 rcp8.5 REMO2009 1

rcp4.5 rcp8.5 RCA4 1

Topography

CO2

Soil

Stand data

Climate

https://geoportale.regione.emilia-romagna.it/catalogo/dati-cartografici/altimetria/layer-2
https://www.isimip.org/gettingstarted/input-data-bias-correction/details/30/
https://www.isric.org/explore/soilgrids
http://www.consorziodiferriere.com.spazioweb.it/home
https://www.euro-cordex.net/


Simulations and FES indicators

𝐶𝑎𝑟𝑏𝑜𝑛 𝑈𝑠𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑁𝑃𝑃

𝐺𝑃𝑃

Results aggregated into 3 periods: 
Present Time (PT): from 2017 to 2037 (2027)
Near Future (NF): from 2040 to 2060 (2050)
Far Future (FF): from 2080 to 2100 (2090)

Modified from http://www.ruraltech.org/tools/

Total 1600 simulations from 2017 to 2100:
50 sampling areas*
8 model chains
2 GHG concentration scenarios (RCPs)
2 management (on/off: frequency & intensity of cuts)
*Spruce (1), Beech (41), Pine (7), Oak (1)

𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑁𝑃𝑃

𝐶𝑎𝑛𝑜𝑝𝑦 𝑇𝑟𝑎𝑛𝑠𝑝.

http://www.ruraltech.org/tools/


Loss in Carbon Use Efficiency due to CC

Without management With management

FF vs. PT -52% (-47%; -56%) FF vs. PT -37% (-34%; -40%)



- Carbon/water/energy fluxes (e.g. ICOS, FLUXNET)

- Ecophysiological monitoring (e.g. TreeTalker network)

The key role of monitoring

Measurements are crucial for initialization, parameters’ calibration and evaluation of models

Pastorello et al., 2017

Piegaro (Umbria, Italy) – TRACE project

Granaglione (Emilia 
Romagna, Italy)

https://www.icos-cp.eu/
https://fluxnet.org/
https://www.pefc.org/what-we-do/our-collective-impact/our-projects/fostering-tree-monitoring-technologies-to-support-climate-adaptation-and-mitigation
http://www.castagniparlanti.it/


Key elements supporting Digitalization

Synergistic use of multi-source monitoring data and 
modelling approaches

Investments in HPC/data infrastructure

Use of indicators to generate user-tailored 
information



Thank you for your attention

and

thanks to the MADAMES-AX team

https://www.madames-ax.info/

https://www.madames-ax.info/
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