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Project based activities of interest for EO for avoiding GHG emissions

Memento

Potential
Projects
Actual

Projects

Monitoring thfough space-
based technologies (radar,
navigation, sat com...)

Forestry & Agriculture

Management and Monitoring

(satellite imagery, image

processing, image-based
serv__i_(_;,es) ........
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SEQUESTRATION DESTRUCTION

Ocean
sequestration

Carbon
Capture &
Storage

Destruction
Industrial Gases

GHG
Concentration
Reduction

Methane
Capture

. Transport e
WMLand-Use Optimizatio

o\ n Energy

Efficienc

*  Agriculture  Renewable !
Optlmlzatlon Energy
cOo2
Detection

Energy from
Space

AVOIDANCE

Main topics of interest
for EO

Land-Use is a short-term
priority : Avoiding carbon
emissions + increasing
carbon storage (REDD ,
A/R, Agriculture, Green
Energy)

Carbon  Capture and
Storage is a mid-term
priority Capturing,

transporting and storing
carbon emissions (from
coal electricity power
plants, industries,
cemeteries...).
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Addressable Land-Use mitigation activities with EO

Changes in Land-Use account for more than 20% of
: . Land-Use
anthropogenic GHG emissions

A/R & REDD FORESTRY B ENVIRONMENT AGRICULTURE Opportunities |

Scientific community agrees that tackling climate change without forest protection would be absurd. Benefits of attaching value to
standing forests are widely acknowledged by NGOS, states, local communities, scientists and have gained sufficient visibility to create
political momentum:

Agreement to protect forests is close to be reached in the context of an international accord
US climate-policy contains unanimous provisions to finance forest protection under future climate law.

International Funds will very likely be made available to promote

r

protection of Forest carbon stocks :
Reducing Emissions from Deforestation and Degradation (REDD)

International funds Mixed approach Carbon market

credits
Now Now & Tomorrow Future
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Why do REDD Forest projects require Satellite Imagery ?

Satellite Imagery is a helpful tool at various steps of project activity that are key to validating project carbon value

How to assess carbon storage variations in a

How is set project carbon value?
forested area?

Baseline Scenario

@ ((irgm_i::ti)o pswio Field surveys
=] “30“ ke provide statistical
2 GP‘\‘\)ﬁ Project Actual map of carbon
g )= Emissions storage intensity
O
I
O
S WV Satellite imagery reports
Time variation of forested area

and land use

Satellite imagery is relevant to Satellite imagery is relevant to

/ build baseline scenario \ / Map & Monitor Forest emissions \
L . . Satellite imagery is a relevant tool for REDD projects to
Satellite imagery is helpful to REDD projects to assess monitor actual evolution of carbon stocks in the forest.

the rate at which deforestation occurs in the area.
Satellite imagery is also relevant for REDD projects to
prove that project activities did not just displace
deforestation (no leakage)

Satellite imagery has the advantage of being fact-based and transparent
which makes it legitimate as an evidence provider. cror 3
infoterra Srot %
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Archives are valuable to make relevant forecasts.




Major countries having forests candidates for REDD schemes & policies

Below is listed forest-holders major countries (forest asset and political readiness)

~_INDIA

Countries for which analysis has already been done (except China, all ITTO* members, selected for tropical forest resource and political influence)
ITTO countries for which Forest information is partly available.
Even though Russia is an Annex-I country, Russian forest (800Mha) is so large that its protection may be envisaged. Later analysis could be relevant.
* ITTO = International Tropical Timber Organization, promoting appropriate management of tropical forest resource, 59 member countries) -
e gl SPOT ]
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1. Forest application: the AMAZONIA
Baseline project

2. the French Aid REDD program on Congo basin

3. SPOTIMAGE major contributions to the REDD

infoterra IMAGE @
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SPOT Satellite image (SWIR composite) ~ R4 .. forest degradation
' o - of low intensity
with evidence of
openings and
road clearings

ey

Satellite contributes
_to characterise « forest degradation »
and « deforestatlon »

L forest degradatlon A . Ny forest degradation
—of-moderate’intensity.. ... = -, “¥ 4 .| @ of highintensity




Amazonia Project objectives

W Task 1 — to demonstrate the use of satellite images to establish

the reference situation of Forest in a given country

m Use of Landsat old archive and New SPOT collections over the
Amazon basin (25 years)

m Demonstration on Mato Grosso state in Brazil : production of the
historical situation (mid 80's) and trend since this date

m Focus on the comprehensive mapping of deforested / degraded areas,
and of their further evolution

Task 2 : develop operational concepts for Monitoring and
Verification based on the group assets

m Combined use of satellite data with various characteristics

(resolution, spectral bands, ...) to perform routine monitoring at
different scales (from global to local)

m Use of VHR to perform routine quality control and to perform

Verification (control of the actual implementation of actions to reduce
carbon emissions)

infoterra srol
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Methodology - definition of appropriate nomenclature

B Focus on primary forest and its evolution through time

- Water

Cloud/Shade Mask

- Non-Forest (Savannah, Rock, Flooded Plain)

- Forest (Dense Forest, Transitional Forest, Open Forest w/ Palms/Bamboo)

- Deforestation (Forest converted to Pasture, Crops, Bare Soil, Reforestation, Urban, Mining)

Degradation (Logged and Burned Forests)

Forest Regeneration (Old Degradation)

- Secondary Growth (Abandoned Deforested Areas)

classes to describe the forest dynamics

o 8502 A gy IMAGE
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Methodology - use of NDFI and other indicators

% Indicator selected : the NDFI (indicator developed by IMAZON) as
main criteria for degradation / deforestation
= the OVERLAND processor allows to automatically generate NDFI from
the biophysical layers, in a robust way (haze correction, cloud masking ...)
% other biophysical layers from OVERLAND are used as well as
complementary criteria

m e.g improve discrimination with other dense vegetation - crops , secondary
growth

demonstration of
OVERLAND performance
on test images

Automated NDFI from " Hand adjusted NDFI from
OVERLAND IMAZON

infoterra sror @
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Methodology - yearly update and incremental classification

N e
Py

- \ Degradation -

=D . Forest LC map from year N-1

Transitions rules established by
experts on Forest LC classes

OVERLAND
classification tool
using decision tree
to detect classes

*pr gf/:s;ﬂ\.c;v VDV"h transitions
set of maps to characterize the
physical state of the forest
infoterra - P
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Zona UTM
20

Zona UTM Zona UTM
21 22

|__ J Landsat - Imazon

|_ ] Landsat - INFOTERRA

E Zonas UTM

[ timite Bioma (wwF)

[ uimite Estadual

I Foresta 0 50 100 200
Formagé&o Nao-Florestal T kM

production scheme

infoterra
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Infoterra production

IMAZON production

Total : 650 Landsat images
processed
(26 scenes x 25 years)



Mato Grosso baselines —forest change area over last 25 years

Joint project between
Spot Image and
Imazon, results
presented during
COP-15

infoterra
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lllustration of project outputs - time series of Forest LC maps for 1 tile

— tile 229/067

Emissions for path/row 229/67 (1985-2008)

—©— first burn emissions

~— decay emissions
—OS— reburns

—©&— total emissions

—
o
T
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100,0
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80,0

W Water
M Non-Forest
m Deforestation
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0 h I ¥ I I I
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W Secondary growth year
Degradation
400 [ Forest Regeneration
‘ s derived profile of carbon emissions
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Task 2 - Monitoring and Verification

B 6 sites selected to develop /illustrate operational concepts for
Monitoring and Verification

Paragominas

Sao Felix do Xingu

Alta Floresta

/

- Deforested by 2006,

ACI’e - Remaining forg
Savana apd other non-forest vegetatio
Cotriguagu
infoterra MAGE §
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MRYV: Sinope region case
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Sinope

SPOT 5 imagery selected
on the Sinope region
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lllegal activities detected on a ARL

B Focus on Protected Forest

™
.

| SWI composite

NIR composite

Binary classification =
infoterra sro1 %
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Improvement of Change detection with Resolution

s
L
Landsat Landsat SPOT5
processed and processed and processed and
classified at classified at classified at
100m 30m 10m
(2007 image) (2008 image) (2009 image)

-
"

infoterra m%-;—-{?e

CONFIDENTIAL © 2010




Forest LC map from N-1

\ .
P

Degradation

- . Forest
\ N Regeneration
- \ 7

transitions from Forest to
other classes

processing with

OVERLAND
change Map between N-1 and N

decision tree
set of maps to characterize to detect LC changes

the physical state of the forest updated Forest LC map N

Accuracy assessment
based on VHR and Visual-
interpretation confirmation of

——— Visual-_ - logging events
interpretation & Confusion matrix

v

infoterra | - sro1 %
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lllustration of MRV control with VHR imagery (2m color) on Xapuri site

Change map (d2-d1)

Focus on Change map

Verification of detected
change with VHR image

(2 m resolution)

Forest LC map at date 1 Forest LC map at date 2
infoterra 21 srot 4
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1. Forest Offer: the AMAZONIA Baseline project

2. the French Aid REDD program on
Congo basin

3. SPOTIMAGE major contributions to the REDD

N SPOT )
infoterra IMAGE §
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French Aid AFD and EADS Astrium agreement signed at COP15

B Objective of the Agreement is to allow developing countries from
Congo Basin to enter into REDD+ with the provision of :

m Access to selected SPOT ARCHIVES

m Establishment of BASELINES on Deforestation & Degradation

m Collection of NEW SPOT COVERAGE

m Ortho-processing based on Reference 3D (geolocalisation @ 5m RMS)

= Implementation of specific REDD licensing allowing to share data
within REDD community

m Data sets accessible via Web Platform

% AFD & EADS ASTRIUM funding the access to Data

m AFD Financing Archive, New collections & Baselines

m EADS ASTRIUM providing access to ARCHIVE at non commercial cost
to AFD

W AFD & EADS ASTRIUM contract under preparation
m Agreement within the coming weeks

m Official kick off scheduled in June-July 2010
infoterra 23 sror %
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Deep Analysis on data availability

" Ex: 2,5m resolution data + 5/10/20m complements since 2006

PAYS

GABON
RDC

RCA
CONGO
CAMEROUN
BURUNDI
RWANDA
sud TCHAD
GUINEE EQ.
SAO TOME

TOTAL

infoterra
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SURFACE

(km?)
265 900
2338000
622 900
343 200
468 300
27070
25320
349 700
28000
1008

4 469 398

SURFACE
COUVERTE
PAR THX

21 600
1565 000
603 000
75 040
230900
22750
16 150
349 700
0

0

2 884 140

%

8%
67%
97%
22%
49%
84%
64%

100%

0%

0%

65%

SURFACE
RESTANTE
244 300
773 000
19900
268 160
237 400
4320
9170
0
28000
1008

1585 258

Surface

Surface compl. restante apres

couverte

15 300
337 800
4340
46 860
79 300
4320
7938

0

0

0

495 858

24

complément
SPOT

229000
435200
15560
221 300
158100
0

1232

28000
1008

1089 400

Surface
Totale
couverte

36 900
1902 800
607 340
121 900
310 200
27 070
24 088
349 700
0

0

3379998

Cartographie et suivi des bassins des foréts du bassin du Congo

%

14%
81%
98%
36%
66%
100%
95%
100%
0%
0%

76%

NB
D'IMAGES
2,5m

618
308
30
100
18
10
226

1318

NB
D'IMAGES
compl.

139

27
39

10

230
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CAR: 2,5m colour

B CAR:
m Covered at 97%

= 308 images selected
= Data since 2005
= 70% acquired since 2007

m New Collection

= Missing parts under
programming

|

T
EADS

ASTRIU

SSSSSS

[0 2005 (24)
[0 2006 (69)
O 2007 (29)
@ 2008 (99)
W 2008 (72)
W 2010 (15)

m Covered at 98%
= 2images @ 5m
= 2images @ 10 m

i
CAMEROO

SR T

HEIgE
Hh_ L

.....
i
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e
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SSSSSS
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ey

R R
el

]

D

e L e
e

: i
; = Couverture complétée pzD 2004
ey O 2w
1 10mcC (2

O zo07
O 2008
B 2009
ace non couverte . 2010
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RDC: 2,5m colour

& RDC:
m Covered at 67%

= 618 images selected
= Data since 2002
= 90% acquired since 2007

m New Collection

= Missing parts under
programming

= Climate constraint moderate,
except North East

UGANDA
CONGO

Date dacquisition des scénes
2002 (1)

E 2005 ) NGOLA
2006 (49)
m Covered at 81% 0 201 0
Il 2009 (120)
= 139 images selected W 200 @9
- EEE] ™
= 38images@5m
= 34images @ 10 m
= 67 images @20 m oo R ) v
A
peRigsd
Couverture complétée par: F T
5mC (38)
omcC (34)
0mC (67)
Scénes 2.5meC ot : .- : it ZAMBIA
Surface non couverte .
i 435200 km?
infoterra 26 TMAGE
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Cameroun: 2,5m Colour

B Cameroun CAMEROUN : 2.5 m colouSPOT5

m Covered at 49% ; huge

contrast from North to South
= 100 images selected
= Data since 2005
= 62% acquired since 2007

m New Collection
=  South needs intensive collection

m Covered at 66% with:
= 27images @5 m
= 2images @10 m
= 10images @ 20 m CAM

NIGERIA CHAD

Date d'acquisition des scénes

2005 (11)
2006 (27)
2007 (19)
2008 (13)
2009 (17)
2010 (3)

Zone en programmation
237400 km?

m
=
=1
=
=
=
=
=
=)

EEOOO

NIGERIA

CENTRAL AFRICAN REPUBLIC
Couverture complétée par:

smcC (27)

10me 2} ~]

20me (10)

Scénes 2.5mC

Surface non couverte

N : 2 EQUATORIAL GUINEA  GABON = e
infoterra 27 | A / %
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Congo: 2,5m colour

CONGO : 2.5 m colour SPOT5

CENTRAL AFRICAN REPUBLIC

W Congo

m Covered at 22%
= Lack of dat
= 33 images since 2005

m New collection :

CAMEROON

Date d'acquisition des scénes

= Extremely difficult zone Qs @

2006 (1)

= Need intensive collection Hes

W 2009 (13)

m Covered at 36% o o

= 19images @5m L] S
= 3images @ 10 m
= 5images @20 m

CONGO:=5:m /10m / 20m colo

CAMEROON

GABON
Scénes 2.5mC

Surface non couverte
(221300 km?)

Couverture complétée par :

SmC (19)

ZAIRE (REPUBLIC OF CONGO)

infoterra 28 sfol %
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Chad (South): 2,5m Colour

% Chad (south): Chad (South): 2.5 m colour SPOT5
m Covered at 100%

= 226 images selected

= Mainly collected in 2006, 12%
collected in 2005

= New Collection
= Easy to implement

Date dacquisition des scénes

[0 2005 (27)
[ 2006 (199)

infoterra 29 sfol %
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Humid Forest ROI: GLC2000

e "
._ e

¢ e ¥ Kinshasa
bl 5

O- Kigoma

i

& 2000 Google

.', * © 2010 Europa Tlechnologies : xonsGOOSIe

'\T Image & 2010{TerraMetrics

AUS Dept of State Geographer *
0°21'17. 50N~ 19°25'50.55%E  élév. 354 m Altitude 2288.68 km

infoterra 30
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OrthoProcessing with Reference3D - DTED Level 2 Coverage

» 45 million km? off-the-shelf

» 118 million km2 cloud-free stereo pairs available to produce 3D
products

Certified by various government organizations, including the NGA

15m RMS on X/Y/Z with 90% confidence

Inioterra — ma off.the-shelf Reference3D Il Reference 3D alpha (simplified) IMAGE %
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Multispectral data 10m & 20m // 2008 - 2009

aiTechnologies! | ‘ GO()S[Q
830 km { 2010 TerraMetrics’ ¢
I—l—l—l—l JS DeptiofiState/Geographer. & Y -

Teluanda = ¢:15'07/02* N 60"E élév. 353 m Altitude 2406.51 km

infoterra 33 sfol %
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Multispectral data 10m & 20m // 1998 - 2002

@ 2010 Googlel

830 km

7 . * W i
NG EuropalTechnologies”) o C]O()SIC

D TerraMetrics. | "
\—l—‘—l—‘ of State Geographer, i d

geluanda  g'1507.02"N 19:28'2460°E élév. 353 m Altitude 2406.51 km

infoterra iy, sro1 @
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White: Formosat 2 new collection
Black:. -~ ~ . SPOT 4&5 new coIIectlon

République Centrafricaine§—

(o) I..tﬁl‘l” Burund|
j "

infoterra 35 S ToT %
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Probability of acquisition calculated on the new collected zones
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Automated Cloud masking &image selection over cloudy zones

Cloud free sones extracted

from cloud masks
= (:3
Nl ° @

Cloud masks Resulting

fusion m « cloud free »
zones

infoterra o @
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Patchwork : image selection

Ceconnexion

| Retirer

Context
Calcul de couverture - rbure ~rop

Critéres de couverture

Férimétre de couwverture a Araits Critéres techniques

@ Capteur
= sroT

extraction
couverture
O batch® interactifiRechercher

e My oo

30.56334, -2.76531




Patchwork : Results & outputs

Patchwork

e |
002031132370796082 Deconnexion

Id Contexte 201

| Retirer
Calcul de o ¢} Couverture proposée
Caractéristiques de la couverture
Etat de la dermande  UnCompleteCoy e
Surface de la zig 2525054 #Surface de la couverture 29575 2207
Taux de satisfaction 0.202255  \0b scénes retenues 25
| 1 D Impozée 25mc Spots 125/356 2008-06-22 A =l i
H| 2 Impozée 25miC Spots 1250358 2007-09-26 A
H| 3 Impozée 2amiC Spots 1250357 2007-09-26 A& i
H| 4 Impozée 2amic Spots 1250355 2009-05-08 B =
il (5 D Impozée 2amiC Spots 126/356 2009-01-11 B
H| B Impozée 2amic Spots 1240356 2008-12-26 C |
| 7 Imposée 2amic Spots 12603568 2007-07-21 B
@B 8 Imposée 25moc Spots 1250358 2009-05-08 B e
extraction
couverture
O batch® interactif
oty
20 B9579, -2 52299
|
T A g FdlCrnworg viine mamm 1
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> The First Emission
calculation provided by
an annex1 country over

Tropical Forest

m Approved by UNFCCC

m Based on Remote Sensing &
Sampling

m Tier2 approach

ae

infoterra
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Contribution of satellite based technologies




1. Forest Offer: the AMAZONIA Baseline project

2. the French Aid REDD program on Congo basin

3. SPOTIMAGE major contributions to
the REDD

infoterra IMAGE @
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REDD+ calls for a range of satellite based services

100,0

% HISTORICAL« baselines »
m Forest area historical changes 500 [ Water

M Non-Forest

m Benchmark forest map 40,0 ]| B Deforestation

B Secondary growth

m Carbon stock and historical CO2 200 JJil|  Degradation

m Forest Regeneration

emissions m Forest

0,0 P e T - 5
=  jssue: link with in-situ data (e.g. biomass) & &L IS S S el
models (CO2 emissions)

e ]

™ VHR MAPPING to manage land
tenure, and build
« environmental cadastre »
m SPOT MAPS at 2,5 m resolution
m Seamless false color mosaics

B MRV MONITORING with
various sensors :
m Monitoring, Reporting, Verification
m Quality assessment sampling

infoterra 42
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SPOT5 Da

ACQUISITION PERIOD: 2006 to 2009
IMAGES < 10% CLOUDS

AiE] L‘!O ()8 Ie ]

titudel 8441.69 km

Right Side : Completed with SPOT4
data collected from French Guyana
Station in 2006 & 2007.

Denote interest of Receiving stations

P
e
o 20 K

Flinacle Sl
43 SPOT
lnfOternra Forest & REDD applications il %
CONFIDENTIAL © 2010 Spot Image 4

Contribution of satellite based technologies




SPOT5 Data Base (2.5-m colour) covering forests of Africa

ACQUISITION PERIOD: 2006 to 2009
IMAGES < 10% CLOUDS

Séo Tomé et Princi

© 2010 Tele Atlas™ N
e
L \_-_;ll‘-fw,

A 100

Left Side : Completed in

i purple with SPOT5 data partly
cloudy combined after cloud
masking.

aeea,
s L

I' : 44 SPOT
cgvl:lti%%{%goms o Forest & REDD applications i E
pot Image Contribution of satellite based technologies




ACQUISITION PERIOD: 2006 to 2009
IMAGES < 10% CLOUDS

RO

Sffyae SFERT

Left Side : Completed in
purple with 10m & 20m data
acquired over the same period

Afs STTREE LM J

i 45 SPOT
:2i8;£$£%§mm 0o Forest & REDD applications Lae sl
pot Image Contribution of satellite based technologies




SPOTIMAGE major contributions to the REDD

W Data ACCESS and CONTINUITY until 2023
m SPOT 4 & SPOTS5 current satellites
m SPOT6 & SPOT7 future systems (Astrium funded)
m Pléiades 1 & Pléiades 2
m F2 & K2 from NSPO & KARI

T OPERATIONS
= PROGRAMMING & Data COLLECTION
m MULTI-SENSOR COORDINATION (SPOT- Pléiades - F2 - K2 etc...)

" DATA PRE-PROCESSING
m Automated GEOMETRY
m Pre-processing (automated BIOPHYSICAL products)

W LICENSING

m Capacity to implement adequate REDD licensing (ownership and
rights on satellite data)

46
:Qulp:g%%l![‘%“a{om Forest & REDD applications
Contribution of satellite based technologies
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SPOTIMAGE contributions to the GEO FCT

Data ACCESS through ESA TPM contract

m SPOTIMAGE agreed on enlarging the standard TPM licensing (more or
less limited to European scientists)

m There is a list of about 800 images thast was established to be used
for National Demonstrators activities

m A specificic budget is required to repatriate about 600 images from
foreign Ground Receiving Stations

Data ACCESS through EADS-ASTRIUM//AFD contract on Congo

m Possible contribution of Benefiting countries (10 today)
m Access to SPOT & F2 ortho products via REDD projects approved by
national designed authorities

= 1200 SPOT images from Archive

= 1100 SPOT images newly collected

= 1900 F2 images newly collected

LICENSING

m REDD licensing: capacity to share data freely at no cost for any
approved REDD contributors to REDD projects)

infoterra 47 sro1 %
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Major Sensors operated by SPOT IMAGE meeting REDD needs

AUnique Medium & High Resolution
Constellation ©Optical Satellites

I il o2 S
Pleiades 1 & 2 H50cm-2m Data
IMAGE 6 Satellites SPOTG&7T 2m-8m Data
SPOT4& 5 2.5m-20m Data
1Launch / For the next 4 Years
year

SPOT4& 5 Pleiades 1 Pléiades 2 SPOTEG
2.5m - 20m 90cm 90cm 1,9m

infoterra A continuity of service guaranteed until 2023 !

>

SPOTT
1,.5m
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