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Deforestation is far from being over
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* Forests act as carbon sinks, slowing climate change
* Deforestation release carbon into the atmosphere

e Climate change is making forests more vulnerable to abiotic
and biotic stresses, such as forest fires and pests

© Juan Doblas



Deforestation can be curbed with satellite alerts system & political action
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Radar can see through clouds

Sentinel-2 (optique)
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Sentinel-1 Copernicus mission

A constellation of C-band Synthetic Aperture radars, developed by the European Space Agency (ESA):
- Sentinel-1A (April 2014) — Now nearing the end of its lifetime
- Sentinel-1B (April 2016) — Failed in December 2021

- Sentinel-1C (December 2024)

- Sentinel-1D (November 2025)

Mission lifetime: 2014 to >2030
Large and unprecedented amount of free data.

C-Band SAR data continuity
- Systematic all weather observations
- Repeat Cycle: 12 days, 6 days with 2 satellites
- Multimode, resolution 5-20m, swath width up to 250-400 km
- Free access
- Preprocessing tools and Analysis Ready Data (ARD) available

= Since 2015-2016, we have been constantly developping and improving methods for forest loss
monitoring with Sentinel-1




Backscattering mechanisms in forests
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1) Crown scattering
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2) Trunk scattering
4) Attenuated soil scattering

6) Trunk-branch interaction

7) Soil-branch interaction

Depends on:

1. Frequency

2. Polarization

3. Incidence angle




Backscattering mechanisms in forests at C band

\ 1) Crown scattering

The dominant scattering term is the scattering
from the tree canopy, resulting in high
backscatter values, especially at VH or HV
polarization.

Assumption: Forest loss is expected to be
characterized by a backscatter decrease.




Is the backscatter decrease a reliable indicator of forest loss?

Temporal backscatter profiles of deforestation plots in the Peruvian Amazon:
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= Other approaches are needed!



Why isn’t the backscatter decrease always reliable?

Clearcutting for rubber plantation in
Cambodia and Vietnam

Clearcutting in Brasil

Cleaned/burnt
fields

Different kinds of clearcutting / post-logging management

Plantation harvest in Australia

Plantation harvest in South Africa

Indonesia

Easy detection in dry season
with C-band SAR

Fields with debris/remaining
vegetation
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Slash-and-burn agriculture in Peru

Brasil

Poor detection with C-
band SAR




The TropiSCO method

Based on shadow detection in SAR images.

SAR instruments have a side-looking geometry.
At high resolutions (e.g. 10m), the edges of forest patches are characterized by a shadow: an area on the ground which is

not reached by the SAR wave, and therefore appear as a dark target.

Geometrical effect, relevant for automatic detection

Shadowing
(no backscatter

from this area)

1 October 2016



The TropiSCO method
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In this example, logging occurs in October-November 2015.
The temporal backscatter profile of :

: stable backscatter
- Logged area: moderate decrease (~2.5dB), but post-
disturbance backscatter then gradually increases to its original
level (impact of environmental conditions)
- One edge of the logged patch : a shadow appears =drastic
backscatter decrease (~¥5dB), with no apparent evolution after
(purely geometrical artifact, no impact of environmental
conditions)



The TropiSCO method

RCR: Radar Change Ratio

(Tanase et al., 2018)
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The TropiSCO method

RCR: Radar Change Ratio (Tanase et al., 2018)
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The TropiSCO method

RCR: Radar Change Ratio (Tanase et al., 2018)
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The TropiSCO method

RCR: Radar Change Ratio (Tanase et al., 2018)
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The TropiSCO method

RCR: Radar Change Ratio (Tanase et al., 2018)

é;;;"-g_Las
....... ....... ......... 2018 ......... ....... ....... .......

Temporal backscatter and associated RCR

RCR(i)=

mean(o)
mean(o)



The TropiSCO method

RCR: Radar Change Ratio (Tanase et al., 2018)

Largest decrease
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The TropiSCO method

Low threshold=-4,5 dB
Shadow
Reliable indicator
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The TropiSCO method

Low threshold=-4,5 dB
Shadow
Reliable indicator

Higher threshold= -3 dB
False alarms

Min(RCRgohal) < a €t Minimum Mapping Unit = 4 pixels

Min(RCRjpa1) < B (o < B) et Minimum Mapping Unit = 20 pixels



The TropiSCO method

Low threshold=-4,5 dB

Detection of areas 5 Shadow

Shadow detection potentially deforested H Reliable indicator

Higher threshold= -3 dB
False alarms

Intersection

Deforestation

Deforested area




The TropiSCO maps
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Methods and results are validated and published
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Examples of cooperation
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Examples of cooperation

é‘t WWW. tropisco.org
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Carbon emissions estimation

Biomass and forest loss in Cambodia

Carbon loss (MgC)
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Carbon emissions estimation

Biomass and forest loss in Cambodia

Biomass
NiSAR
GEDI
Sentinel-1
Sentinel-2

—— Forest height

Forest disturbances
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Field trip in Cambodia in February 2023
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Conclusion & Perspectives

m Contribution of SAR to near-real time forest loss monitoring can be enhanced by
adopting methods based on the detection of shadows and reconstruction of deforested
plots, rather than on the backscatter decrease only.

m The method can be improved by exploring synergy with optical imagery (Sentinel-2,
Landsat-7/8) and other SAR sensors (NISAR, BIOMASS)

m Use of TropiSCO data in Cambodia could be developed: co-construction of study cases,
method improvement/adaptation, etc



