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Project Objectives

To demonstrate the feasibility of forest information generated from ALOS-
PALSAR to support Carbon Cycle Science and International Conventions
(REDD) in 3 projects:

1. Forest cover change and biomass mapping of savanna in Cameroon, as a
research part of the REDDAF project, also as a contribution to the GEO-FCT,
Cameroon being one of the National Demonstrators.

2. Biomass mapping in African savannas

3. Forest cover change and biomass mapping in Vietham, where
de/af/reforestation have been very active during the last decade. Vietnam is
a UNREDD country
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Project Objectives

To demonstrate the feasibility of forest information generated from ALOS-
PALSAR to support Carbon Cycle Science and International Conventions
(REDD) in 3 projects:

1. Forest cover change and biomass mapping of savanna in Cameroon, as a
research part of the REDDAF project, also as a contribution to the GEO-FCT,
Cameroon being one of the National Demonstrators.

2. Biomass mapping in African savannas

3. Forest cover change and biomass mapping in Vietham, where
de/af/reforestation have been very active during the last decade. Vietnam is
a UNREDD country

Methodology objectives

1.Modelling of the L-band backscatter of forests—> biomass inversion models
2. Towards a definition of forest cover based on biomass?
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Retrleval of forest biomass from L-band

backscatter

1. Relationships between the L-band backscatter and

Above Ground Biomass (AGB)
- Electromagnetic modelling:

Effect of forest type, tree density,seasonality

(vegetation and soil moisture)

- Data analysis
Relevance of in situ AGB data

2. Deriving inversion functions (and validity domain)
3. Developing AGB retrieval methods and uncertainties

assessment




Electromagnetlc modellmg
(Multistatic Interferometric & Polarimetric
EM Model for Remote Sensing)

/ Eene description \

Vegetation: Discrete geometrical
description based on canonical
shapes (cylinders, ellipsoids)

2 possible descriptions

a) based on tree architecture
models

b) based on layers

Underlying topography modeled

with 3D triangular facets
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calculations
Coherent modeling based on the Distorted Born
Wave Approximation and scattering matrices of dimensions
canonical shapes & dielectric constant

Accounts for several contributions :

& single scaterring mechanisms from
vegetation scatterers and the ground

& multiple scattering mechanisms
resulting from coupling effects T

@ween vegetation and ground
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Simulation of forest characteristics and environment effects

- Forest type (species, age: geometrical and dielectric properties)
- Environment (topography), seasonality (vegetation and soil moisture)
- etc..

Example of a simulation of

-16 T . . . . . T .
Tropical forests The effect of wood density
g | EE o | (linked to tree species)
S 201
S
wn
S 22
;s p =0.575, 0.8, 0.625
T 4l B = 45°
J h/h = 0.75
26 .

0 50 100 150 200 250 300 350 400 450
AGB [t/ha]
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Saatchi et al., 2011

H.h',-"

. . 0-10 Mg ha™
PAISAR backscatter vs biomass by latitude range 10-20 Mg ha®
20-30 Mg ha™
12 30-40 Mg ha®
40-50 Mg ha™
141 50-60 Mg ha™
60-100 Mg ha™
-16 >100 Mg ha™
water . r
18- no data . Resolutlon 1km
2 Lower latitudes = Dry Season

22 ¢

= High dynamic range

247
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] Higher latitudes = Wet Season
= Low dynamic range
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Model for mapping Model for mapping of
open forest biomass dense forest biomass

N\

L-Band SAR HV

0 AG Biomass
10




DEM

MIPERS
model

—

- Blomass mapplng metho -

Im1 Im?2

Vo

Imn

! 1. Preprocessing

Slope correction .. . :
Multi-image filtering - Multi-image filtering
Inter-calibration - Inter-calibration of image
Geocoding

1
[ii] []
T 1

\ 4

SAR/biomass data analysis | 2. Analysis

Bayes
inversion model

3. Inversion method
- Bayes approach

4. Uncertainty assessment

- Error budget and biomass uncertainty map
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The Cameroon project

Remote Sensing of Environment 155 (2014) 109-119

Contents lists available at ScienceDirect

Rormote Sarming
Ervirdoment

Remote Sensing of Environment

journal homepage: www.elsevier.com/locate/rse

Biomass assessment in the Cameroon savanna using ALOS PALSAR data @CmMm

Stéphane Mermoz **, Thuy Le Toan ?, Ludovic Villard , Maxime Réjou-Méchain °, Joerg Seifert-Granzin ¢

* Centre d’Etudes Spatiales de la BlOsphére, UMR CNRS 5126, University of Paul Sabatier, Toulouse, France
® Laboratoire Evolution et Diversité Biologique, UMR CNRS 5174, University of Paul Sabatier, Toulouse, France
© Mesa-Consult, Konstanz, Germany

LES FORETS DU BASSIN DU CONGO

CHAPITRE 1 Etat des Foréts 2013

EVOI.UTION DU COUVERT FORESTIER DU NIVEAU NATIONAL AU REGIONAL
ET MOTEURS DE CHANGEMENT

Bandowin Desclés’, Philippe Mayaws’, Matthew Hansew', Patrick Lola Amani, Christophe 5. iev’, Bemoit M i, Th

Hiusler’, René Ngamabou Siwe', Hervd Poiled, Valery Gond', Mathiew Rabw’, Jérg Haarpaintner', Jean-Panl Kibambe Lubamba™
Avec la contribution de : Peter Potapor, Sretlana Turubanova, Alice Altstars, Louis-Vincent Fichet, Gernot Ramminger, Sharon
Gomez, Guillawme Cormu, Lucas Bowrbier, Quentin Jungers, Pierre Defowrny, Thuy LeToan, Manwela Hirschmugl, Gabriel Jaffrain,
Camille Pinet, Cédric Lardewx, Anoumou Kemavo, Philippe Dorelon, Donata Pedrazzani, Fabian Enflle, Joerg Seifert-Granzin,
Landing Mane, Ludovic Nkok Banak, Anton Vrieling, Stéphane Mermoz

CCR, “Usswrnany y of Maryland "SIRS, “IRD, "GAF AG, "Avwvws, CIRAD, *Earesense, "Novwr. “UCL
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In situ data collection
=y

Mosaic cropland (SO-70%)
. —> /[ vegetation (20-50%)

Mosaic grassland (S0-70%)

/ forest or shrubland s
(20-50%) <y Open broadiesved

Mosaic vegetation (50-70%) —> deciduous forest/woodiand
/ cropland (20-50%)

X ] 2]

— : [
w '’ Commisiicn SEVENTH FRAMEWORK
: —_— PROGRAMME

1: Tibati, Adamawa Province: 21 plots available on 3 April 2012
2: Bafia, Central Province: 20 plots available on 17 October 2013

Measures of DBH (Diameter at Breast height), height, > Estimation of in situ biomass
identification of species for wood density (Chave et al., 2005)




K&C Tnitiative

= Aw international scince collaboration led by JA XA
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Yoy =a-+ b(l —€ )
12}
T -1 c varies to account for
i % e . 12.08.2007 ‘ environmental error
-16 éj/ > 14.08.2008 .
/i + 290500 sources:
i * 05.07.2010 ' -forest type o
O  Michard et al., 2011 -vegetation and soil moisture
y . . . . _ raph
% 50 100 150 200 250 topography
Biomass (Mg.ha')

c1s 0.025, 0.031, 0.041 and 0.051
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Uncertalntles assessment

In situ uncertainties: -
- Diameter breast height: 2.25%
- Height: 4.47% Monte |

: o >0 aGB,IS,1
- Wood specific gravity: 10% Carlo Quadr
- Allometric equations: 5% _ sum .
- Sampling size >0 pAGB.IS .2

SAR backscatter uncertainties:
- Radiometric stability = 0.5 dB

- Speckle noise = 0.4 dB

O aGB IS

Inverse models
with k=1...1000

AGB :Lxln

Monte Cy

Carlo

Gaussian

> Pacs sen (B) = o P, (17(B)) 22

|:1_}/|(-)|V _ak:|
by

O aGB IS

~~

Quadr, &
Sum

O AGB .SAR

AGH

trees in each plot

number of looks 1s approximately 112 .

- Radiometric stability: (Shimada et al., 2010)
-The standard deviation of the backscatter y° due to speckle is approximately 0.4 dB when the

- Error due to sampling size for a A-ha plot: b/sqrt(A) (Réjou-Méchain et al., 2014)

15

- Systematic controls consisted of remeasuring the DBH and the height of a randomly chosen 5% of
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14.3

11.3 70

9.3 .
Biomass

(Mg/ha)

2010

......

70.3 12.3 14.3

11.3

8.3

Total aboveground carbon stock:

- This study: 626.9 TgC
- Nasi et al. (2009): 710 TgC

Surface area  Mean AGB AGB Carbon
(ha) (Mg.ha™) (Tg) (TgC)
Mosaic forest-croplands 1,811,150 89.5 162.9 81.4
Mosaic forest-savanna 5,187,900 75.6 394.2 197 .1
Deciduous woodland 10,352,400 53.3 553.6 276.8
Dec'd:::; ::‘:::;a"d ~ | 1,949,000 30.7 59.8  29.9
Others 6,622,340 12.6 83.4 41.7
TOTAL 25,922,790 48.2 1253 626.9

Above-ground blomass

i s e B,
L e ment ~...z~

Abowve-ground blomass

uncertainties 1Hﬂﬂ1ﬂ:|
| i r

-
o
o

1001

Biomass estimated by SAR (t.ha")
o
|=]

3.

RMSE=11.5tha™!
Cal:3 plots
Val:14 plots

—

o
o

50 100

150

Biomass estimated in the field (t.ha™)

Restriction to the savanna ecosystem, because of the large uncertainties
for plots with AGB>150 Mg.ha™!
= Mask out the dense forest using Globcover 2009 land cover map that
presents the highest resolution for dense forest mask (300m).




Cameroon Biomass and
uncertainties map
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Mermoz S., Le Toan T.,Villard, Rejou-Mechain,M., Seifert-Granzin J.
‘Biomass assessment in Cameroon savanna using ALOS PALSAR data’,
in review RSE
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Towards a definition of forest cover
based on forest biomass?

Québec, Canada | July 13-18,2014

COMPARISON OF OPTICAL AND SAR DATA

FOR FOREST COVER MAPPING:
REDD+ MAY BE HELPED BY SAR DATA

T. Le Toan}, S. Mermoz?!, L.V. Fichet?, C. Sannier?, A. Bouvet!

1CESBIO, UMR CNRS 5126, Université Paul Sabatier, Toulouse, France
2Systéme d’Information Référence Spatiale (SIRS), Villeneuve d’Ascq, France
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Forest/Non forest map
using optical data
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< ¢ using optical data is 42.9 t/ha.
=z =z
Ifc If°
o o

0 10 20 30 40 km ) 0 10 20 30 40 km [$)

-=-l= -—ﬁ

12°30'0"E  13°0'0"E 12°30'0"E  13°0'0"E




12°30'0"€____13°0'0"E i _ _ . _ . e 12°30'0"E___13°0'0"€
: ; S : . s e ey = -

SAR data

K P

T

e \
-t




K&C Initiative
 Andnternational scignce collaboration led by JAXA

> Canaclian Symposium I' Enw'y < "
&% on Remote Sensing B Sndod Changing Planet

Québec, Canada | July 13-18, 2014

A biomass map of African savannas at a spatial
resolution of 50 meters using ALOS PALSAR dual-
polarization data

Alexandre Bouvet, Thuy Le Toan, Stephane Mermoz
CESBIO, Toulouse, France
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Blomass Inversion using the Dry Season regression

Supposed valldlty domain: Eastern and Austral Africa

0-10 Mg ha™

10-20 Mg ha™*

20-30 Mg ha™*

30-40 Mg ha™

40-50 Mg ha™

50-60 Mg ha™

>60 Mg ha™

water

no data

Estimated AGB (Mg.ha-1)

Estimated AGB (Mg.ha-1)
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100 - 100
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Comparlson W|th eX|st|ng maps

This study Saatchi et al., 2011 Baccini et al., 2012

0-10 Mg ha 50-60 Mg ha™
10-20 Mg ha™ 60-100 Mg ha™
20-30 Mg ha™ >100 Mg ha™
30-40 Mg ha™ water
40-50 Mg ha no data
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Comparison with existing maps
N ThlS sf[_udy | - Saatchi et al., 2011 Baccini et al., 2012

g w

T gl

0-10 Mg ha* 50-60 Mg ha™

10-20 Mg ha™ 60-100 Mg ha™

2030 Mg ha’ > 100 Mg ha Subset from: Latitude: 5° Sto0° N

30-40 Mg ha™ water .

40-50 Mg ha no data LOIlgltudC 150 E tO 200 E
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Comparlson W|th existing maps
ThlS study B Saatch1 et al _2011 Baccini et al., 2012

0-10 Mg ha* 50-60 Mg ha™

10-20 Mg ha™ 60-100 Mg ha™

2030 Mg ha > 100 Mg Subset from: Latitude: 5° Sto0° N
30-40 Mg ha™ water y .

40-50 Mg ha no data Longitude: 15° E to 20°
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Comparlson W|th eX|st|ng maps
— This i‘gd s Saatchi et all., 2011 - Bacii et al;21

0-10 Mg ha™ 50-60 Mg ha™

10-20 Mg ha™ 60-100 Mg ha™

20-30 Mg ha™ >100 Mg ha™ . o o
30-40 Mg ha'! water Subset from: Latitude: 100 Sto5 S
40-50 Mg ha

no data Longit],lde: 200 E to 250 E
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Comparlson W|th eX|st|ng maps
| Saatchl et al., 2011 Baccini et al. 2012

ThlS stud

0-10 Mg ha™
10-20 Mg ha™
20-30 Mg ha™
30-40 Mg ha™
40-50 Mg ha

50-60 Mg ha™

60-100 Mg ha™

>100 Mg ha™

water

no data

AL mtemntmiml scignce rc%ﬂmmtmn led by JAXA

. T

Subset from: Latitude: 10° Sto5° S
Longitude: 20° E to 25" E
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Biomass (tha)

[ INoData [7]351-
<5 []401-
5t -10 [ ]451-
I 101 - 15 [ 501 -
I 151 - 20 [ 551 -
[ 20.1 - 25 [ 601 -
[ 26.1 - 30 I 70.1 -
[F5130.1 - 35 M > €0

8380848

L2, L3.
Wessels et al. IGARSS
2012

Fig. 1. LiDAR-derived biomass map for part of study area, : :

South Africa
24° 44’'S/
31° 36'E
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And for dense forests ?7??

s 2

ELSEVII

Contents lists available at ScienceDirect

Remote Sensing of Environment

R journal homepage: www.elsevier.com/locate/rse

Stéphane Mermoz*, Maxime Réjou-Méchain®“4, Ludovic Villard®, Thuy Le

b Laboratoire Evolution et Diversité Biologique, UMR CNRS 5174, University of Paul

€Institut de Recherche et Développement, UMR AMAP, F-34000 Montpellier, France

«

Decrease of L-band SAR backscatter with biomass of
dense forests

Toan®, Vivien Rossi?¢, Sylvie Gourlet-Fleury?

aCentre d’Etudes Spatiales de la BlOsphére, UMR CNRS 5126, University of Paul

Sabatier, Toulouse, France
Sabatier, Toulouse, France
!Centre International de Recherche Agronomique pour le Développement, UR BSEF,

Montpellier, France
“University of Yaoundé I, UMI209 UMMISCO, Yaoundé, Cameroon
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Modelling results

-16

1
] L-band
i ' o =0.575, 0.6, 0.625
2 : 0 = 45°
ﬁ 20 i slight linear h/h=0.75
2 n| i decrease
- I
T 24¢ ! Decrease:
i 1.7 dB from 220 to 420 t.ha™".
26

0 50 100 150 200 250 300 350 400 450
AGB [t/ha]

The sum of scattering contributions increases with volume fraction,but is opposed by
the extinction coefficient which is also increasing.
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Observatlons ALOS PALSAR of dense tropical forest

632 plots (1km x 1km)
in-situ AGB: Mean of 312.3 t.ha"1, from 150.1 to 545.6 t.ha™".

Speckle noise
| : 5 : 5 Sampling error (plot size)
e . ... Terainslope

Viry (dB)
4

o ® Plots from Cameroon
; *  Plots from Gentral African Republic
_16 i 1 1 L 1
0 100 200 300 400 200 600

Biomass (t.ha'l) 33
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CESBIO (1 km) CIRAD In situ data 5/i0
‘ t/ha
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(L /
N W
. ™ '.
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CESBIO method:
RMSE = 35%
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Bién doéng do phu thwe vat va rirng
Stephane Mermoz, Thuy Le Toan, CESBIO
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Changes in forest cover 2007-2010

MUMNE_ICNE IR N

Rubber plantations

Rubber plantations

Se n da

Rubber plantations




Estimation of forest dlsturbances and regrowth

Indicator of changes: HV ratio s [ R(o) = (E7, V{EHY }]
. . . - 1 ]
Window size: 5x5 ALOS PALSAR Fine Beam Dual ‘I,
Approach: Expectation maximization ‘l, ——
Initialisation
Mosaic generation (JAXA): \I,
- Slope correction Class centers 1'% le—
| _ ortho-rectification Hom
- spatial y° normalization Jf
PD Functions
wL PIRO H{HEVD (HIY
Pre-processing (CESBIO): \I’
i Calih.r:.ati:::n L Class membership
- Multi-image filtering Bt | i
- Temporal y° normalization plm IR, E
I v o
- . Termination =
- SRTM DEM —)l Masking: criteria met ¢
) “ |- Non forest @\L
~ ™) =
_\WOCMC WMD - Mangroves
) _Globcover | ]-Slopes < 20° [u in @, if p™©, ¥, > p® (u,yn}]
104°30.0°E 108°30.0F % v 4
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Validation mostly based on VHR GoogleEarth
- relatively untapped new source of validation data for remote sensing studies (Knorn et

al., 2009; Standart et al., 2011).
- Images captured at a wide variety of dates, mostly cloud free and of a resolution high
enough to very easily distinguish forest changes.

In situ plots over 27 Mosaic frames: Forest disturbances: 386 ha
Forest regrowth: 148 ha
No changes: 451 ha

(protected areas, national parks, plots far from roads,
rivers and villages)

Landsat 11Feb2010

Gearth 4Dec2006 Gearth 8Dec2010
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Estimation of forest disturbances and regrowth:

OA: 92% (with ponderation factor related to in situ data per class)

Disturbances (%) -1.43 -1.39 -0.98

Carbon loss (MtC) 40.1 32.4 39.7

Regrowth (%) +1.78 +0.83 +0.70
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Deliverables

0 Biomass map of Cameroon savanna 25m available
U Biomass map of African savanna 50m available by mid 2015

U Forest disturbances and regrowth in Vietham, Cambodia and Lao PDR
available by mid 2015

In situ data to share

- 41 forest plots in Cameroon of about 1 ha measured in the REDDAF
European project.
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Deliverables
Papers and reports

Journal papers
Published/ Reviewed

*Mermoz S., Le Toan T., Villard L., Réjou-Méchain M., and Seifert-Granzin J, Biomass assessment in the
Cameroon savanna using ALOS PALSAR data, Remote Sensing of Environment, Volume 155, December 2014,
Pages 109-119

*Mermoz S., Réjou-Méchain M., Villard L, Le Toan T., and Seifert-Granzin J, Decrease of L-band SAR
backscatter with biomass of dense forests, Remote Sensing of Environment, final review

To be submitted

*Mermoz S., Le Toan T. Forest disturbances and regrowth assessement in Southeast Asia using ALOS PALSAR
from 2007 to 2010. Remote Sensing of Environment.

=Bouvet A., Mermoz S., Le Toan T, Mitchard E. and Mathieu, R. A biomass map of african savanna. Remote
Sensing of Environment.

Books

*Haeusler T., Gomez S., Siwe R., Le Toan T., Mermoz S., Schardt M, and Sannier C.: Reducing Emissions from
Deforestation and Degradation in Africa (REDDAF). 7th Research Framework Programme publication ‘Let’s
Embrace Space’ EU Publication 2012, Volume 2

+Les foréts du bassin du Congo — Etat des Foréts 2013. Eds: de Wasseige C., Flynn J., Louppe D., Hiol Hiol F.,
Mayaux Ph. — 2014. Weyrich. Belgique. 328 p. Dépdt légal : D/2014/8631/30 ISBN : 978-2-87489-298-1
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Papers and reports

Conference presentations and papers

*Mermoz S, Le Toan T and Villard L.: Biomass assessment in African savannah forest using multi-temporal ALOS
PALSAR Data. EARSeL Workshop on Temporal Analysis of Satellites Images. Mykonos, 23-25 May 2012.

‘Mermoz S., Le Toan T., Villard L., and Lasne Y.: Biomass assessment in African forest-savanna using ALOS-
PALSAR data. IEEE International Geoscience and Remote Sensing Symposium (IGARSS), Munich, 22-27 July
2012.

*Bouvet A, Le Toan, T. and Mermoz S.: A Biomass Map of African Savannas at a Spatial Resolution of 100
meters using ALOS PALSAR Dual-Polarization Data. European Space Agency Living Planet Symposium,
Edinburgh, 9-13 September 2013

*Mermoz S., Le Toan T., Villard L., Réjou-Méchain M., and Seifert-Granzin J.: Savanna Carbon stocks and 2007-
2010 change in Cameroon using ALOS PALSAR data. European Space Agency Living Planet Symposium,
Edinburgh, 9-13 September 2013. (voir Résumé)

*Le Toan, T., Mermoz, S., Fichet, L. V., Sannier, C., & Bouvet, A. (2014, July). Comparison of optical and SAR
data for forest cover mapping: REDD+ may be helped by SAR data. In Geoscience and Remote Sensing
Symposium (IGARSS), 2014 IEEE International, pp. 2305-2308

*Fichet, L. V., Sannier, C., Mermoz, S., Pennec, A., & Le Toan, T. (2014, July). Mapping dry forest in Central
African Republic using optical and radar data. In Geoscience and Remote Sensing Symposium (IGARSS), 2014
IEEE International (pp. 2336-2339).

*Mermoz, S., Rejou-Mechain, M., Villard, L., Le Toan, T., Rossi, V., & Gourlet-Fleury, S. (2014, July). Biomass of
dense forests related to L-band SAR backscatter?. In Geoscience and Remote Sensing Symposium (IGARSS),
2014 IEEE International (pp. 1037-1040).
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Thank You !
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K&C Phase 4 — Brief project essentials
Forest Cover Change and Biomass Mapping
Thuy Le Toan, Stephane Mermoz, Alexandre Bouvet,
Ludovic Villard

CESBIO
Toulouse, France

Science Team meeting #21 — Phase 4 Kick-off
Kyoto Research Park, Kyoto, Japan, December 5, 2014
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Project outline and objectives

We propose to build on the experience gained in Phase 3 to:

- map biomass and forest cover in Africa/Cameroon savanna, Vietnam and
France at 50m and to estimate changes between 1997, 2007, 2010, 2014,
2015 and 2016, 2017.

The main objective is to estimate Carbon stock and changes, to contribute to the
Carbon cycle science.




K&C Initiative

= Annternational scignce collaboration led by JAXA




K&C Initiative

= Andnternational science colfaboration led by JAXA

Project milestones

Africal Cameroon and Vietham:

MS1: First results for biomass estimates with ALOS-2 (31.03.2015)
Forest biomass map 1997

MS2: Forest biomass maps 2014-2015 (31.03.2016)
Forest biomass changes 1997-2010-2015

MS3: Forest biomass maps 2016-2017 (31.03.2017)

Forest biomass changes 1997-2010-2015-2017

France

MS1: First results for biomass estimates with ALOS-2 (31.03.2015)

MS2: Forest biomass maps 2014-2015 (31.03.2016)
Forest biomass changes 2010-2015

MS3: Forest biomass maps 2016-2017 (31.03.2017)

Forest biomass changes 2010-2015-2017




K&C Initiative

= An iuternational science collaboration led by JAXA

Data sharing

Africa

- Reference forest plots for the calibration/validation of the biomass map (coordinates, Above
Ground Biomass) belong mostly to research networks (e.g. CTFS, Afritron..) thus accessible to
the community.

- Specific ground data collection for low biomass (< 150 tons/ha) during KC Phase 4. Field
measurements of biomass can be shared to JAXA after the restriction delay imposed by the
research project

- Field photos, forest types and general information (species, range of biomass..) at a number of
points

Vietnam

- In addition , ground data collected by University students (e.g. for Master thesis) could be made
available.

France

- In addition, forest inventory data (exist but subject to restrictions). Data collected by CESBIO could
be shared with JAXA.
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Deliverables

Africa/Cameroon and Vietnam
] Forest biomass maps 1997-2010-2015-2017
1 Forest biomass changes 1997-2010-2015-2017

France
] Forest biomass maps 2010-2015-2017
1 Forest biomass changes 2010-2015-2017




