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Monitoring Forest Canopy Disturbances

Deforestation

Problems to detect forest disturbances/ degradation

* Small-scale signal (e.g. removal of single trees)
 Weak signal (low signal-to-noise ratio)

e 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

Google Earth Engine  Search places and datasets...
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FCDM Tool

Forest Canopy Disturbance Monitoring
(FCDM Tool v2.5.8)

Analysis period:

2,

Start:
< 20200101
FCDM-optical End
(Landsat, Sentinel-2) 2020-12:31

Reference period:

Already implemented on SEPAL platform st
2019-01-01
H End:
- remote sensing m"\“\"}l —
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| Country, AOI or Asset selection:

Cambodia s
|| Use AOI polygon (instead of country)
|1 Use Asset shape file (instead of country)
|| Select Asset with AOI (instead of country)
: ! /' Center on selected area

Zoomlevel under center option (1 - 24):

- GEE script is freely available
Paper: http://www.mdpi.com/2072-4292/10/4/544
Script v2.4.1: https://code.earthengine.google.com/c08ef143fa94c22bc7259€3592509d1b

Selection of analysis:

Change detection (Delta-rNBR or Dt $

Sensor selection: v
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Basic Concept of the FCDM Methodology
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Change Detection Approach
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Basic Concept of the FCDM Methodology
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Problematlc of Temporl Detectablllty 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
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Basic Concept of the FCDM Methodology

Canopy condition
time 1
(reference period)

Canopy condition
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Major Processing Steps of the FCDM Approach

1. a) Accessing satellite data
(per study area and
investigation period)

Period 1 Period 2

W W

Time

NIR — SWIR,
NIR + SWIR,

NBR is sensitive to bare soil or non-photosyntetic vegetation

NBR =

- Allows detecting changes in forest canopy due to logging events

rNBR = NBR,, . — NBR
Alf-referencing step allows inter-scene comparison

- Scenes become comparable over space and time
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Self-Referencing Step of the FCDM Approach

NBR
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Low peaks of NBR values = Openings in canopy
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Self-Referencing Step of the FCDM Approach
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Pan-tropical Applicability of FCDM Approach

~tene  sein | Forest Canopy Disturbance Monitoring
(FCDM)

Index selection:
CT=r——
Sensor selection:
[
¥/ Beforehand thresholding Landsat 7
Setting threshold for Landsat 7 (0- 0.3):

=]
Country, AOI or Asset selection:
e
(¥ Use AOI polygon (instead of country)
7] Use Asset shape file (instead of country)
(] Select Asset with AOI (instead of country)
[ Center on selected area
Zoomlevel under center option (1 - 24):

=

Parameter for cloud masking:
Cloud buffer (0 - 2,500 meters):
Forest map selection:
Erree———
Year of forest map (2000 - 2017):
B —REL1) V4
Select Global Forest Cover percentage (0 - 100%):
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Subset

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

Disturbances in 2015:
> 3,000 Landsat 8 scenes
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Border Malaysia — Central Kalimantan, Indonesia

FCDM Disturbance

(2016-2017)
+

TMF
(Status 1990-2017)
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Accuracy Assessment of FCDM (Brazil)

Table 2. Area-adjusted accuracies for the maps of forest canopy disturbance obtained from Landsat 8

(a) and Sentinel-2 data (b). CE: Commission error, OE: omission error, and OA: overall accuracy.

(a)
Landsat 8
Classification Undisturbed  Disturbed Total User’s Accuracy (%)  CE (%)
Undisturbed 0.906 0.035 0.941 96.3 3.7
Disturbed 0.008 0.051 0.059 87.1 12.9
Total 0.913 0.087 1.000
Producer’s accuracy (%) 99.2 59.3
OE (%) 0.8 40.7
OA (%) 95.7
(b)
Sentinel-2
Classification Undisturbed  Disturbed Total User’s Accuracy (%)  CE (%)
Undisturbed 0.927 0.023 0.950 97.6 2.4
Disturbed 0.010 0.040 0.050 80.0 20.0
Total 0.937 0.063 1.000
Producer’s accuracy (%) 98.9 63.3 Lima et al. 2019
OE (%) 1.1 36.7 https://www.mdpi.com/2072-4292/11/8/961/htm
OA (%) 96.7
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Documentation of FCDM

EU SCIENCE HUB

Forest Resources and Carbon Emissions (IFORCE)

Home > IFORCE > Forest Canopy Disturbance Monitoring (FCDM) - A freely available tool to assess potential forest degradation

June 6,2019 | sctvare | open acces: |

Andi1974/Forest-degradation-monitoring: 5598 1 '577
FCDM tool v2.4 e s Forest Canopy Disturbance Monitoring (FCDM) - A freely available tool

See more details

Andreas Langner to aSSESS pOtential forest degradation

Another bug fix for Sentinel 2 processing

By v Available in

: : . N IFORCE The FCDM tool supports the detection of forest canopy disturbance from satellite remote sensing and can provide
Y Homepage indication on forest degradation processes. Reporting on forest degradation is required by many tropical countries
B Andi1974-Forest-degradation-monitoring-685bd7f I H participating in the REDD+ (Reducing Emissions from Deforestation and Degradation) program. However, compared to
: Sgg:::;::i:fl 118?70,;: Methodologies & tools deforestation, the mapping of ‘forest degradation’ has proven to be technically much more challenging and the signal of

o [JLICENSE 35.1kB a forest canopy disturbance is less prominent, as it does not result in a change of land cover.

° DManuaLGEEfscripLDe\ta-rNBR.pdf 3.3MB nd 2 F tC Disturb. -

o [JREADME.md 1.1kB ores ampy sturbance The FCDM tool developed at the JRC uses a change detection approach based on the difference (delta) of the self-

nced ‘Normalized Burn Ratio’ index (Delta-rNBR; Langner et al. 2018), detecting forest canopy change over
bd periods at pixel and sub-pixel level (Figure 1). The underlying Delta-rNBR index allows the detection of forest
y disturbance within tropical evergreen forest canopies (‘forest remaining forest’), resulting for instance from the
emoval, felling damages or from logging trails and leading. The freely available FCDM tool runs under Google
<> Code lssues I Pull requests @ Actions [ Projects  (IJ Wiki ) Security Insights Engine (GEE) and allows the user via a specific GEE user-interface to calculate the Delta-rNBR index over any
ed area by choosing the main parameters from simple drop-down menus, without the need of knowledge in

O Why GitHub? -~ Team Enterprise Explore - Marketplace Pricing t Signin | Sign up

B Andi1974 / Forest-degradation-monitoring £} Notifications

¥ master ~ ¥ 1banch ©14 Go to file ¥ Code ~ About ng.

Repository for technical data dealing
@ Andit974 Update Delta-NBR txt s85ba7¢ on Jun 6,2019 ) 31 commits with (semi)-evergreen forest Gosgle Earth Engine . o] P
degradation monitoring

Delta-rNBR.txt Update Delta-rNBR txt > years ag:

Files (11.4vB) M Readme x
DeltaNBR pdf Add files via upload 4 years ag :
B GPL icense
Name LICENSE Add license L
Andi1974/Forest-degradation-monitoring Manual_GEE script Delta-rNBR pdf Add files via upload Refersnce period
Releases 14 E™
README.md nd ) =

© FCDM tool v2.4 ( Latest

https://zenodo.org/record/

= README.md .
3240021#.YMsoCagzaJY e
https://doi.org/10.5281/zenodo, 1014728 ] B T SRS R S B G S S e
T
Packages —
Forest-degradation-monitoring e e s O e—
Repository for technical data dealing with (semi)-evergreen forest degradation monitoring https //fo ro bS . I rc.ec.europ
A Google Earth Engine (GEE) script allows deriving changes in canopy cover closure, which can be interpreted as forest .
degradation nformation a.eu/iforce/dNBR.php
New script as Google shifted to new (Landsat) data collections and removed the old collections
* Surface Reflectance (SR) - Top of Atmosphere (ToA) Combination (SR data with ‘simpleCloudScore’ band coming
from ToA data)
Purposes:
i . . e Mapping all kind of canopy disturbances (natural or human induced) within (semi-Jevergreen forests
https://github.com/Andi1974/F « Dhtusbancascas b eprotd aforest ugraditiesewrs{itr theshokd < 0055 decku o g Z
d dati L N — 7 European
orest-degradation-monitoring R ) x  *
In order to separate natural from human disturbances we recommend manual screening of the data by an LA Comm iSS i on

| experienced human interpreter



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

+ ° -
-launch-pad o 3¢ LA B in B @

Forest Canopy Disturbance %

AOI selection Forest Canopy Disturbance Monitoring (FCDM Tool)

Process tile

1) Select time period . Sensor parameters . Basemap parameters process parameters . Compute FCDM

Source code
Select time period

BlnRno Reference period

m Start date m End date

YYYY-MM-DD format YYYY-MM-DD format

{3 End date

YYYY-MM-DD format

ik % SEPAL

PROCESS GEO DATA
Fast and easy processing of goo data alangner

BROWSE YOUR DATA

EXTENSIBLE WITH APPS
[ with

#

TERMINAL

e, INEG
A $002/h alangner
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Application of FCDM

Vietham:
* 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)
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Ongoing Research/ Developments of FCDM Tool

Google Earth Engine  Search places and datasets...
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FCDM Tool

FCDM-optical

(Landsat, Sentinel-2)

FCDI\;I—radar

(Sentinel-1)

Already implemented on SEPAL platform

- remote sensing (MD Py
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Publication of FCDM-radar in preparation

- GEE script will be freely available after publication

- Possible implementation on SEPAL platform

- GEE script is freely available
Paper: http://www.mdpi.com/2072-4292/10/4/544
Script v2.4.1: https://code.earthengine.google.com/c08ef143fa94c22bc7259€3592509d1b

https://forobs.jrc.ec.europa.eu/iforce/d

ocs/JRC-Technical-Report Assessment-

Cambodia-Prey-Lang-Sanctuary.pdf

JRC TECHNICAL REPORT

Forest encroachments and logging
activities within the Prey Lang Wildlife
Sanctuary, Cambodia

Assessment of a new monitoring approach: radar-based
Forest Canopy Disturbance Monitoring (FCOM-radar)

Langes A, Desclbs B, Carbse s, Vancutsem €, TBig M., Achars F, Tilade

IQ0LYy

FOREST DEGRADATION DERIVED BY A NEWLY DEVELOPED SENTINEL-1
CHANGE DETECTION APPROACH
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2. STUDY SITE AND DATA
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‘plains of Cambodia. The sanctuary bas a total size of 431 683
ha of which a large share s sull covered by natural fores
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3. METHODOLOGY
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by the average scene backscarter and teaporally filtered i

sensor aoise. (2) Subtiactiag the reference period from the
aaalysis period derives the delta of the SAR backscamier

woogie

Forest Canopy Disturbance Monitoring

(FCDM Tool v2.5.8)

Analysis period:
Start:
20200101
End:
20201231
Reference period:
Start:

2019-01-01
End:

20191231

| Country, AOI or Asset selection:

Cambodia &

Use AOI polygon (instead of country)

Use Asset shape file (instead of country)

Select Asset with AOI (instead of country)
/' Center on selected area

Zoomlevel under center option (1 - 24):

8
Forest map selection:
No forest map (=
| Year of forest map (1990 - 2020):
2019
4 | Select Global Forest Cover percentage (0 - 100%):
30

Selection of analysis:
Change detection (Delta-rNBR or Dt $

Sensor selection:
4
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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
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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
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Comparison between FCDM-optical and FCDM-radar

Cameroon:
Analysis period:
01.01.2020 — 31.12.2020
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Comparison of FCDM with Other Monitoring Approaches
— Example of Prey Lang, Cambodia
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and short duration disturbances that are not
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Synerglstlc Effects by Combination I\/Ionltorlng Approaches

O
%

Disturbance area based on GFW+GLAD Disturbance area based on GFW+GLAD+FCDM

2020: 9,992 ha (without area-correction) 2020: 13,194 ha (without area-correction)
-> increase of overall detections by 32%

JER »

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)

I I Yarer

Planet data (12.2020)

GFW (2018-2020) L1t
GLAD (2020) WATCH

FCDM-radar
(2018-2020)

Field plots (2018-2020)

(thanks to PLCN) m
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Conclusion

FCDM approach has capacity to
detect forest disturbances/ degradation

* Change detection approach is
sensitive to small-scale and/ or weak i o |
signal (e.g. removal of single trees) G A e T e e e

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

* Spoiler alert for radar-based approach:

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

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