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D@Q Motivation

» Is it possibleto use Sentinel-1 data to distinguish drivers of deforestation?
» Whyisitimportant to distinguish drivers of deforestation?
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~asture or Agriculture £
Pasture

v WMOp’Biomos/TerroCIoss Classification (Brasil)
Lc‘nndsd’r 8 RGB and Sen’rinél—1 VV median composites
January-July 2019 (Ucayali, Peru)

We know where and when deforestation is hoppening?, but
in order to have an impact in how to prevent deforestation,
we need to know what is causing it

Optical systems:
» Cloud cover

» Harfto dis’ringuish different land uses with similar land cov er
(Joshi et al., 2016; Hagensieker et al., 2017)

The identification of drivers of deforestation is a need for
early qunlng;r deforestation monitoring systems
&I&gsmahona Forum of Early Warning Systems, Lima, July
Important towards more sustainable land management
and to aid global initiatives such as REDD+

The use of SAR data is a priority by GFOI (GFOI, 2013)
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D@Q Research Questions

Main

» Canwe use Sentfinel-1 data to
distinguish different land
uses/covers

Specific

» Canwe observe signature
frends on Sentinel-1 fime series
data for different LULC?

» Which metrics are the best o
distinguish LULC?

» Can LULC maps be produced
withhigh accuracye




2 Study Areo

Madre de Dios

» Capital of
Biodiversity (Peruvian
Law N° 2631 1; Myers
et al.,2000)

» Deforestationrates
havebeen
increasingsince
2001 (MINAM, 2017)

» Presentsa
heterogeneous
mosaic of LULC

2016 Land Use Land Cover {3
[ | Il N .

é. it Total area: ~2,500 km?
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2 Methodology
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Sentinel-1 band C (5.405 GHz) GRD 10 meters resolution
Google Earth Engine (GEE) (Gorelick et al., 2017)

Time series analysis of amplitude

>

4
4
4

VV,VH, VV/VHas bands

Metrics: Mean, Median, Standard Deviation, Max-Minratio, Coefficient of V ariation

Radar Forest Degradation Index (Sassan, 2019) modified, Separability Index (Wu et al., 2011)
Datasince 2017

Classes: Forest, Secondary Vegetation, Agriculture, Pasture, Mining,
Urban/Artificial, Water

>

Land Use and Land covermap (2013-2016) from Geobosques platform

Collect Earth Online (CEQO) (Bey et al., 2016)

Decision Tree

§ Google Earth Engine

COLLECT EARTH




Oy Methodology

Classification Accuracy
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Cy Methodology - CEO

» Land Use Land Cover Map (2016) from Geobosques
» Sample Design: Stratified Sampling (Olofsson et al., 2014)

900 points for all classes
88 random plots (5 ha) with 25 gridded points each

Minimum of 25 reference points each class

v v Vv v

Addition of 4 and é extrafor Agriculture and Mining classes, respectively (10 plots; 250 points)

Forest Sec.Veg. Agriculture Pasture Mining Urban Water Total
Plots 62 8 7 8 7 1 5 98
Points 1550 200 175 200 175 25 125 2450
Total =715 163 75 53 73 25 66 2173

Points




Qg Methodology - CEO

Home About Support Account

DigitalGlobe BaseMap WMS Imagery | DigitalGlobe, Inc | 2016 (Accuracy_Profile)

V¥ Madre de Dios LULC extra samples

Plot Navigation - ID: 7

ajal

¥ Review your analyzed plots

Re-Zoom
Download Plot KML

[z] Imagery Options

DigitalGlobeWMSImagery

Accuracy_Profile

Unanswered Color © Black
Survey Questions

Water
Forest
Secondary Vegetation

Agriculture

Geodash

White

Pasture
Urban
Mining

Other




Qg Methodology - CEO

Home About Support Account

DigitalGlobe Maps API: Recent Imagery | DigitalGlobe, Inc . -
V¥ Madre de Dios LULC extra samples

E] Plot Navigation - ID: 7

@m): (e

Y/ Review your analyzed plots

Re-Zoom I Geodash

Download Plot KML

E] Imagery Options

DigitalGlobeRecentimagery

Unanswered Color @ Black White
Survey Questions

]

Forest Urban
Secondary Vegetation Mining

Agriculture Other

Save

Flag Plot Clear All




Cy Methodology - GEE

1) Mosaickingimages

Example:images from February 6,2016




Cy Methodology - GEE

2) Convert to gamma,Amplitude

. . B Yiu — Vv
Decibels to Amplitude: RFD] = —/————

Yir + YAy
Amplitude = 10dB/20 o o
RFDI mod.= YWV ViV
Yvv + Vv
sigma, to gamma,:
Vo= cos(incidence angle) ltg — upl
Sab = 1~ — 1
loq — oyl

3) Create quarterly composites (noise/salt and pepper effect)

4) Time series analysis and metrics calculation for each class using the reference
points from CEO

VV,VH, VV/VH, RFDI modified, Separability Index

Mean, Median, Standard Deviation, Max-Min ratio, Coefficient of Variation

5) Definition of thresholds for the Decision Tree - Classification
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ONE PAGER SERIES

SAR Vegetation
Indices

Radar backscatter is impacted by forest
type and structural forms (type and
orientation), environmental conditions
(e.g. moisture, and phenology), and
radar imaging properties. Taking these
into account can assist with the use of
SAR for forest monitoring.

RADAR VEGETATION INDEX (RVI):

8w
RVl = —r-uw——or
it + ¥y + 27iy)
y' (gamma-nought) represents the
radiometrically and geometrically
corrected SAR backscattering coefficient
for each polarization combination in

A quick reference to Synthetic Aperture Radar vegetation
indices and their interpretations. For more information,
check out the SAR Handbook: Comprehensive Methodologies
for Forest Monitoring and Biomass Estimation and associated
training materials at SERVIRglobal.net

RADAR VEGETATION INDEX:

RVIis near zero for a smooth bare surface and increases
with vegetation growth. It has an enhanced sensitivity to
vegetation cover and biomass.

linear units (m¥/m?).

RVI is & ratio of cross-polarization to ~total
power from all polarization channels. It
generally ranges between 0 and 1, and it
is a measure of scattering randomness.
As aratio, RVI has less sensitivity to radar
measurement geometry and topography,
and remains insensitive to absolute
calibration error in radar data.

RADAR FOREST DEGRADATION
INDEX (RFDI):

Vi — Vi

RFDI =
Yitn + Vily

Here, the terms are all radiometrically

corrected imagery. The value of RFDI

RADAR FOREST DEGRADATION INDEX:

RFDI values range from less than 0.3 for dense forests,
between 0.4 and 0.6 for degraded forests, and greater than
0.6 for deforested landscapes.

A A

1 >

\,;).l.y

<0.3 0.4-0.6 >0.6

RADAR FOREST DEGRADATION INDEX:

RFDI values range from less than 0.3 for dense forests,
between 0.4 and 0.6 for degraded forests, and greater than
0.6 for deforested landscapes.

2 ¥ .

<0.3

0.4-0.6 >0.6

varies between 0 and 1. In general, RFDI
can be used to detect both loss of forest
cover and its recovery after a disturbance,

SOURCE: Saatchi, Sassan. “SAR Methods for Mapping and Manitoring Forest Biomass." SAR Handbook:
Comprehensive Methadologies for Forest Monitoring and Biomass Estimation. Eds. Flores, A.,
Herndon, K., Thapa, R., Cherrington, E. . NASA.

SERVIR®E + ?SilvaCarbon

SAR Handbook



https://www.servirglobal.net/Global/Articles/Article/2674/sar-handbook-comprehensive-methodologies-for-forest-monitoring-and-biomass-estimation

D@Q Results

Time series - VH
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D@Q Results

Time series- VV
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D@Q Results

Time series— VV/VH

Time Series SAR backscatter VVIVH
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D@Q Results

Time series - RFDI

Time Series SAR RFDI
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P@Q Results

Backscalter (amplitide)

Metrics — Max/Min
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D@Q Results

Separability Index (Wu et al., 2011)

Separability Index
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D@O Decision free

ts: VW min<0.20
VV max/min>1.50

VV max<0.20
img: VWV <0.15
True False
ts: VW mean>0.9
Water wW m§x> 1.0
VW min>0.8
img:VV > 0.85
True False
ts: VV mean<0.20
VH mean < 0.40
Urban VV min <0.16
VH min<0.34
True False
ts:
Mining VW/VH mean<2.0

VV/VH max<2.5

N

Pasture

ts:
W CV>0.1
(VV max/min > 1.4)

Agriculture

AV w‘
ts:

VH CV > 0.090
VV CV >0.085

N

Secondary
vegetation

Forest




9@ Decision Tree
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D@O Conclusions and Future Work

4

vV Vv Vv VvV V9V VY

Similaramplitude values when analyzing Forest, Secondary Vegetation,
Agriculture, and Pasture

Some seasonality trends are observed — info for classification
Limitations: only two polarizations; noise; airport area

Finish aplication of decision tree and classification

Accuracy assessment (Confusion matrix following Oloffson et al., 2014)
Adapt the algorithm to be applied only on areas that were deforested

SERVIR-Amazonia: expected that this project can contribute with the Amazon
basin conservation
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