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Why is forest monitoring important?

CO2

O2

Numerous benefits to society 



Forest resources and benefits



In Italy

~ 12 Millions ha

~36% sup. national

INFC 2015 

https://www.sian.it

https://www.sian.it/inventarioforestale/


The forest sector is an 
important source of 
income for mountains 
and inner areas

Durable wood products 

Low quality timber for energy
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Main threats to forests

Not only carbon storage, but also 

loss of  biodiversity and other 

ecosystem services



superfici coperte da vegetazione forestale arborea, 

associata o meno a quella arbustiva, di origine naturale o 

artificiale in qualsiasi stadio di sviluppo ed evoluzione,

HUMAN WELLBEING

TO HALT CURRENT THREATS

Bosnia Herzegovina
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To reduce the loss of ecosystem services

Monitoring 

forest variables

Promote 

resilience of 

forests

Enhance forest 

biodiversity

Knowledge 

for planning 

and 

management
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Tools for monitoring SFM 

State of Europe’s Forests 

(SoEF)

This report provides 

comprehensive information 

on the status and trends in 

forests and forestry in the 

pan-European region, based 

on the criteria for 

sustainable forest 

management.

C6 - Socioeconomic Functions

6.1 - Forest holdings
6.2 - Contribution of forest sector to GDP
6.3 - Net revenue
6.4 - Investments in forests and forestry

6.5 - Forest sector workforce
6.6 - Occupational safety and health
6.7 - Wood consumption
6.8 - Trade in wood
6.9 - Wood energy

6.10 – Recreation in forests

C1 - Forest Resources & Global Carbon Cycles

1.1 - Forest area
1.2 - Growing stock
1.3 - Age structure and/or diameter distribution
1.4 - Carbon stock

C2 - Forest Ecosystem Health and Vitality

2.1 - Deposition of air pollutants
2.2 - Soil condition
2.3 - Defoliation
2.4 - Forest damage
2.5 - Forest land degradation

C3 - Productive Functions of Forests

3.1 - Increment and felling
3.2 - Roundwood
3.3 - Non-wood goods 
3.4 – Services

C4 - Forests Biological Diversity

4.1 - Diversity of tree species
4.2 - Regeneration
4.3 - Naturalness
4.4 - Introduced tree species
4.5 - Deadwood

C5 - Protective Functions (Soil & Water)

5.1 - Protective forests - soil, water and 
other ecosystem functions -
infrastructure and managed 
natural resources

4.6 - Genetic resources
4.7 - Forest fragmentation
4.8 - Threatened forest species

4.9 - Protected forests
4.10 - Common forest bird species

https://foresteurope.org

https://foresteurope.org/state-of-europes-forests/


superfici coperte da vegetazione forestale arborea, 

associata o meno a quella arbustiva, di origine naturale o 

artificiale in qualsiasi stadio di sviluppo ed evoluzione,
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Tools for monitoring SFM 

Climate-Smart 

Forestry

Integrative Forest 

Management

Bosco Roccamandolfi, Molise
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Climate-Smart 

Forestry

Mitigation
Social 

Dimension

Adaptation

Climate – Smart Forestry
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Integrative Forest 

Management

Integrative Forest Management

Integrative forest management means combining the 

provision of several ecosystem services in one forest 

landscape. The Integrate Network focuses on one critical 

dimension of this integration: how to align biodiversity 

conservation and sustainable wood production.

Biodiversity 

Timber production
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Tree-related microhabitats
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Integrative Forest Management - TreMs

https://doi.org/10.1016/j.ecolind.2017.08.051

Kraus et al., 2016

64 

TreMs

https://doi.org/10.1016/j.ecolind.2017.08.051
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Integrative Forest Management - TreMs

Larrieu et al., 2018
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https://youtu.be/drRlEhYK4_0 

Marteloscopes as learning lab

http://iplus.efi.int/ 

https://youtu.be/drRlEhYK4_0
http://iplus.efi.int/


Marteloscopes network

https://integratenetwork.org/ 

Lussemburgo 2023

https://integratenetwork.org/
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Italian network of Marteloscopes
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Marteloscopes as living lab



Marteloscopes as living lab
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Marteloscopes as living lab
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http://iplus.efi.int/marteloscopes-data.html 

http://iplus.efi.int/marteloscopes-data.html


Italian network of Marteloscopes
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Case study
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Forest management impacts on 

abundance and diversity of TreMs
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TreMs Spatial Index (TSI)



10/05/2024

Innovative tools for monitoring SFM 
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Innovative tools for monitoring SFM 

FieldMap → field 

GIS

www.ifer.cz 

http://www.ifer.cz/


Innovative tools for monitoring SFM 

10/05/2024

Unmanned Aerial Vehicle 



Innovative tools for monitoring SFM 
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Forest management plan

Unmanned Aerial Vehicle 



Innovative tools for monitoring SFM 
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Airborne Laser Scanning to 

detect Tree-related 

Microhabitats



Innovative tools for monitoring SFM 
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TREES WHICH PRESENT ONE OR MORE

TREMS (I.E., HABITAT TREE)



Innovative tools for monitoring SFM 
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ABUNDANCE OF TREMS
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Innovative tools for monitoring SFM 



10/05/2024

STRUMENTI DI MONITORAGGIO → LIDAR
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Deadwood and TreMs
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GR31 CV24

TreMs

Innovative tools for monitoring SFM 
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Innovative tools for monitoring SFM 



10/05/2024

Innovative tools for monitoring SFM 



Innovative tools for monitoring SFM 
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1 hour sampling rate

Transpiration (sap-flow)

Stem humidity (SWC)

Multispectral signature of light transmitted through the canopy

Tree radial growth

Accelerations along a 3D coordinate system used to detect tree movements

Air temperature and relative humidity

Innovative tools for monitoring SFM 
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TT-Cloud is in turn connected to the 

internet via the GPRS network and 

sends data to a computer server

Innovative tools for monitoring SFM 
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Data server

Innovative tools for monitoring SFM 



Innovative tools for monitoring SFM 
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Comparison between two sites in Italy 

• Temperature, 

• SapFlux,

• radial growth.
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Damaged sensors
Replaced senors/TTs

Water

Innovative tools for monitoring SFM 
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La nuova rete Italiana dei TreeTalker

Innovative tools for monitoring SFM 
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Innovative tools for monitoring SFM 



Field activities
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G. Santopuoli – Montenegro 2021

http://www.integrateplus.org/Demo-Sites/What-is-a-Marteloscope/table.html 

http://www.integrateplus.org/Demo-Sites/What-is-a-Marteloscope/table.html
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giovanni.santopuoli@unimol.it  

PhD. Cesar Alvites

Ph.D student Diana Alfieri

Ph.D student Pierdomenico Spina

Ph.D student Concetta Lisella

Ph.D Tiziana Panichella

PhD. Serena Antonucci

mailto:giovanni.santopuoli@unimol.it


Thank you!

Giovanni Santopuoli
giovanni.santopuoli@unimol.it 

G. Santopuoli – PNALM (Italy) 2019

DIPARTIMENTO 

AGRICOLTURA, 

AMBIENTE E ALIMENTI

mailto:marchettimarco@unimol.it
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