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Monitoring Forest Canopy Disturbances
Deforestation

Degradation

Problems to detect forest disturbances/ degradation

• Small-scale signal (e.g. removal of single trees)

• Weak signal (low signal-to-noise ratio)

• Signal only detectable over a short period due to
• Fast vegetation regrowth in tropics
• Frequent cloud coverage in tropics

• Differentiation between natural phenological 
changes (e.g. seasonality) and actual disturbance 
events



Forest Canopy Disturbance Monitoring (FCDM) Tool

FCDM-optical
(Landsat, Sentinel-2)

FCDM Tool

→ GEE script is freely available
Paper: http://www.mdpi.com/2072-4292/10/4/544
Script v2.4.1: https://code.earthengine.google.com/c08ef143fa94c22bc7259e3592509d1b

Already implemented on SEPAL platform 

http://www.mdpi.com/2072-4292/10/4/544
https://code.earthengine.google.com/c08ef143fa94c22bc7259e3592509d1b
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Basic Concept of the FCDM Methodology

Landsat∆rNBR 



Problematic of Temporal Detectability of Signal

Some crown cover disturbances:

- Appear/ disappear/ reappear (red arrows)

- Others accumulate over time (blue arrows)

→ Signal only detectable over short periods due to:

- Fast vegetation regrowth in tropics

- Frequent cloud coverage in tropics

∆rNBR 2014/01 – 2015/04∆rNBR 2014/01 – 2015/03∆rNBR 2014/01 – 2015/02

∆rNBR 2014/01 – 2014/11 ∆rNBR 2014/01 – 2015/01∆rNBR 2014/01 – 2014/12

∆rNBR 2014/01 – 2014/02 ∆rNBR 2014/01 – 2014/10∆rNBR 2014/01 – 2014/03
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Basic Concept of the FCDM Methodology
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Major Processing Steps of the FCDM Approach

NBR is sensitive to bare soil or non-photosyntetic vegetation

→ Allows detecting changes in forest canopy due to logging events

Self-referencing step allows inter-scene comparison

→ Scenes become comparable over space and time



Self-Referencing Step of the FCDM Approach

High peaks of NBR values ≈ Very dense 
canopy

Low peaks of NBR values ≈ Openings in canopy 
cover

Interest only in signal of canopy openings (now high 

peaks)



Self-Referencing Step of the FCDM Approach

Transect∆NBR (not self-referenced)Landsat 8 (2014) ∆rNBR (self-referenced)Landsat 8 (2015)



Pan-tropical Applicability of FCDM Approach

Papua New Guinea

DRC



Pan-tropical Applicability of FCDM Approach – Cont. SE-Asia

DRC

Subset

Subset

Disturbances in 2015:

> 3,000 Landsat 8 scenes



Border Malaysia – Central Kalimantan, Indonesia

FCDM Disturbance

(2016-2017)

+

TMF

(Status 1990-2017)



Maludam National Park (IUCN II) – Sarawak, Malaysia

FCDM Disturbance

(2016-2017)

+

TMF

(Status 1990-2017)



Accuracy Assessment of FCDM (Brazil)

Lima et al. 2019 

https://www.mdpi.com/2072-4292/11/8/961/htm



Documentation of FCDM

https://zenodo.org/record/

3240021#.YMsoCagzaJY

https://forobs.jrc.ec.europ

a.eu/iforce/dNBR.php

https://github.com/Andi1974/F

orest-degradation-monitoring

https://zenodo.org/record/3240021#.YMsoCagzaJY
https://forobs.jrc.ec.europa.eu/iforce/dNBR.php
https://github.com/Andi1974/Forest-degradation-monitoring


FCDM Implemented on SEPAL Platform



Application of FCDM

• Vietnam: 
• Forest Inventory and Planning Institute (FIPI)

• Laos:
• Department of Forest Inspection (DOFI)
• Forest Inventory and Planning Division (FIPD) of the Department of Forestry and F-REDD (JICA Japan) 

with SilvaCarbon (USAID)
• Pro-FLEGT (GIZ Germany) together with Aruna Technology

• Cambodia:
• General Directorate for Nature Conservation and Protection (GDANCP) of the Ministry of Environment 

(MoE)
• CEEJA project (Copenhagen University, DANMISSION)

• Thailand + Myanmar:
• Royal Forest Department (RFD), Department of National Park, Wildlife and Plant Conservation (DNP) 

and Forest Department (MoNREF)

• Indonesia:
• DG Forest Planning (MEF) and DG Climate Change (MEF)

• EU Horizon 2020 REDDCopernicus Project (Brazil, Central Africa, East Africa, SADC, Continental + Insular 
Southeast Asia)



Ongoing Research/ Developments of FCDM Tool

FCDM-optical
(Landsat, Sentinel-2)

FCDM Tool

→ GEE script is freely available
Paper: http://www.mdpi.com/2072-4292/10/4/544
Script v2.4.1: https://code.earthengine.google.com/c08ef143fa94c22bc7259e3592509d1b

Already implemented on SEPAL platform Publication of FCDM-radar in preparation

→ GEE script will be freely available after publication

→ Possible implementation on SEPAL platform

FCDM-radar
(Sentinel-1)

https://forobs.jrc.ec.europa.eu/iforce/d
ocs/JRC-Technical-Report_Assessment-
Cambodia-Prey-Lang-Sanctuary.pdf

http://www.mdpi.com/2072-4292/10/4/544
https://code.earthengine.google.com/c08ef143fa94c22bc7259e3592509d1b
https://forobs.jrc.ec.europa.eu/iforce/docs/JRC-Technical-Report_Assessment-Cambodia-Prey-Lang-Sanctuary.pdf


Comparison between FCDM-optical and FCDM-radar

Cameroon:

Analysis period: 

01.01.2020 – 31.12.2020

• Planet data (01.12.2020)

• FCDM-optical (L7/ L8) 2020



Comparison between FCDM-optical and FCDM-radar
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Comparison between FCDM-optical and FCDM-radar

Cameroon:

Analysis period: 

01.01.2020 – 31.12.2020

• Planet data (01.12.2020)

• FCDM-optical (L7/ L8) 2020

• FCDM-optical (S2) 2020

• FCDM-radar (S1) 2020



Comparison of FCDM with Other Monitoring Approaches 
– Example of Prey Lang, Cambodia 



• Planet data (12.2020)

• Field plots (2018-2020)

(thanks to PLCN)

• GFW (2018-2020)

• GLAD (2020)
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• Planet data (12.2020)

• Field plots (2018-2020)

(thanks to PLCN)
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→ FCDM targets the detection of small-scale 
and short duration disturbances that are not 
accurately detected by other approaches 

Comparison of FCDM with Other Monitoring Approaches –
Example of Prey Lang, Cambodia 



GFW + GLAD GFW + GLAD + FCDM-radarGFW + GLAD GFW + GLAD + FCDM-radar

Synergistic Effects by Combination Monitoring Approaches

GFW + GLAD GFW + GLAD + FCDM-radar

Disturbance area based on GFW+GLAD

2020: 9,992 ha (without area-correction)

TAKE HOME MESSAGES:

→ FCDM-radar monitoring approach allows properly detecting even small-scale disturbances

→ Detection of small-scale disturbances is essential as their average biomass is expected to be 

higher than the average biomass of a clear-cut event (to be confirmed)

Disturbance area based on GFW+GLAD+FCDM

2020: 13,194 ha (without area-correction) 

→ increase of overall detections by 32%

• Planet data (12.2020)

• GFW (2018-2020)

• GLAD (2020)

• FCDM-radar 

(2018-2020)

• Field plots (2018-2020)

(thanks to PLCN)



Conclusion

FCDM approach has capacity to 
detect forest disturbances/ degradation

• Change detection approach is 
sensitive to small-scale and/ or weak 
signal (e.g. removal of single trees)

• Change detection approach analyzes every available image over analysis period 
→ Detection of even short-term disturbances

• Spoiler alert for radar-based approach: 

• Radar-based approach allows monitoring independent of cloud coverage 
(supporting BFAST in areas of frequent cloud coverage)

• Radar-based approach allows differentiation between seasonal 
changes and actual disturbance events


