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PREFACE
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The ALOS Kyoto & Carbon (K&C) Initiative

Masanobu Shimada, Manager ALOS Science Program
Ake Rosenqvist, K&C Initiative Science Coordinator

This booklet presents results obtained within the ALOS Kyoto
& Carbon (K&C) Initiative. The Initiative builds on the experience
gained from the JERS-1 Global Rain Forest and Boreal Forest
Mapping (GRFM/GBFM) projects, in which SAR data from the
JERS-1 satellite were used to generate image mosaics over the entire
tropical and boreal zones of Earth. While the GRFM/GBFM projects
were undertaken already in the mid 1990's, they demonstrated
the utility of L-band SAR data for mapping and monitoring forest
and wetland areas and the importance of providing spatially and
temporally consistent satellite acquisitions for regional-scale
monitoring and surveillance.

The ALOS K&C Initiative is set out to support data
and information needs raised by international environmental
Conventions, Carbon cycle science and Conservation of the
environment. The project is led by JAXA EORC and supported by
an international Science Team consisting of some 25 research groups
from 14 countries.

The objective of the ALOS K&C Initiative is to develop
regional-scale applications and thematic products derived primarily
from ALOS PALSAR data that can be used to meet the specific
information requirements relating to Conventions, Carbon and
Conservation. The Initiative is undertaken within the context of
three themes which relate to three specific global biomes; Forests,
Wetlands and Deserts. A fourth theme deals with the generation of
continental-scale ALOS PALSAR image mosaics. Each theme has
identified key products that are generated from the PALSAR data
including land cover, forest cover and forest change maps, biomass
and structure (Forests), wetlands inventory and change (Wetlands)
and freshwater resources (Deserts). Each of these products are
generated using a combination of PALSAR, in situ and ancillary
datasets.

The mosaic data sets and thematic products generated within
the Initiative are available to the public at the K&C homepage at
JAXA EORC: http:/www.eorc.jaxa.jp/ALOS/en/kyoto/kyoto_index.
html
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The Advanced Land Observing Satellite (ALOS)

R ER Al TEE (ALOS)

The Advanced Land Observing Satellite (ALOS), also known
as "Daichi", was launched by JAXA with an H-ITA rocket from
Tanegashima Space Centre on January 24, 2006. ALOS carries three
remote sensing instruments: the along-track 2.5 metre resolution
Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM),
the 10-metre resolution Advanced Visible and Near-Infrared Radiometer
2 (AVNIR-2), and to maintain Japan’s commitment to spaceborne L-band
SAR, the Phased Array L-band Synthetic Aperture Radar (PALSAR).

ALOS was placed in a sun-synchronous orbit at 691 km, with
a local equator pass time at about 10:30 and 22.30, in descending
and ascending directions respectively. With a 46-day repeat cycle
and 14+27/46 revolutions per day, ALOS requires 671 passes to complete
a full global coverage. For temporary on-board data storage, ALOS is
equipped with a 96 Gbyte High-speed Solid State Recorder (HSSR),
which serves all three instruments. The Hatoyama Earth Observation
Center (EOC) constitutes the main ground station for data downlink
from ALOS. The majority of the data from ALOS are transmitted via
the Data Relay Test Satellite (DRTS), which stationed in a geostationary
orbit over the Indian Ocean at E90°.

ALOS can be considered a pathfinder mission for global
environmental monitoring, both due to advanced instruments, and in
particular the PALSAR, but also due to the systematic data acquisition
strategy (BOS) which has been implemented. The BOS has been
designed to provide consistent, wall-to-wall observations at fine
resolution of all land areas on the Earth on a repetitive basis, in a manner
which has earlier been conceived only for coarse and medium resolution
instruments.

Figure 1: The launch of ALOS. Tanegashima Space
Center, January 24, 2006.

1 1ALOSHI5 LT, 2006 F 1 24 H. &
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Figure 2: The Advanced Land Observing Satellite
(ALOS). Inset (top right): The Data Relay Test Satellite
(DRTS) which is used for data transmission between
ALOS and the ground receiving stations in Japan.
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ALOS CHARACTERISTICS ALOS FE5T

Item Characteristics

I5H ESiks

Launch 24 January, 2006

5 LT 2006 F 1 H24H

Place of Launch Tanegashima Space

15 L5 EFEFEHEYY—

Total weight Center ~

weEE fa by

FLEEH H7kW GEaasREn)

BSEE 3~564F

Orbit Polar, sun synchronous

e AFZEH ECFEE
Altitude
=E 691.65 km (7R £22)
Inclination 98.16 deg.
PBtERA 098.16 &

Recurrence cycle

EIl=

46 days (2 days sub-cycle)

147/, rev./day; 671 rev./cycle

46 H (U794 o)L2H)
14+ 27/46 B#, 671 &

Orbital control (target)
HeREE (8RB

Cross-track< +/- 500 m

Height <+/-500 m
JORARSwvo <+/-500m
BE <+/-500m

LHREE

20x 10-4° LN (#7542, GCP&D)

NERERE

TmBR (F73542)

High-speed Solid
State Recorder (HSSR)
RV Uy RRF—~o3d—%

(HSSR)

Capacity: 96 Gbytes

Data rate: 360 Mbps (recording)

240 Mbps (playback)

B[E 96 Gbytes

T—HmERE  50iREF 360 Mbps B
485 240 Mbps

Data transmission:
T EERE
Ka-band antenna
Ka- )\ K7V FF

X-band antenna
X- )8 RPUFF

240 Mbps (via Data Relay Test Satellite, DRTS)
120 Mbps (direct down-link)

240 Mbps (F—%HkEERH)

120 Mbps (BEZEEE—R)

Solar Array Paddle
ey A VE AN IV

3mx 22 m, 9 segments

3mx22m, 9 EIXU K~

Generated power

7

8.5 kW (at launch)
8.5 kW (T5LIFE)




The Phased Array L-band Synthetic Aperture Radar (PALSAR)

Jx—XR7Z7UA4A LIV

The Phased Array L-band Synthetic Aperture Radar
(PALSAR) is an enhanced version of the SAR instrument
onboard the Japanese Earth Resources Satellite (JERS-
1: 1992-1998). 1t is a fully polarimetric instrument, which
operates in L-band with 1270 MHz (23.6 cm) centre
frequency. The radar antenna consists of four panel
segments, with a total size of 3.1 by 8.9 m.

PALSAR can be operated in five different observation
modes: Fine Beam Single polarisation (FBS), Fine Beam
Dual polarisation (FBD), Polarimetric mode (POL), Wide
Beam (ScanSAR) mode and Direct Transmission (DT)
mode. Out of the 72 alternative Fine Beam modes available,
two have been selected for operational use: FBS with HH
polarisation, 34.3° off-nadir angle and 28 MHz bandwidth,
and FBD with HH+HYV polarisation, 34.3° off-nadir angfle
and 14 MHz bandwidth. The swath width is 70 km and the
ground resolution 10x10 m (FBS) or 10x20 m (FBD). The
34.3° off-nadir angle corresponds to an incidence angle
range of 36.6° — 40.9° from near to far range.

The wide-swath ScanSAR mode most commonly used
operates with a single (HH) polarisation, 14 MHz bandwidth
and approximately 100 m ground resolution. It features a
350 km swath width with an incidence angle range varying
from 18.1° to 43.0°. In PALSAR ScanSAR mode, only one
in every three passes is acquired under normal operations
(1, 4, 7, etc.) to minimise conflicts with the optical sensors.
This reduced acquisition sequence however still provides
full (50%) swath overlap at
the Equator.

Within the Kyoto
& Carbon Initiative, the
PALSAR Fine Beam data are
processed by JAXA (using the
JAXA Sigma-SAR processor)
to 50 meter resolution path
image products, and provided
to the K&C Science Team
members for analysis.

Figure 1: Deployment of the PALSAR antenna in space 1

“GRFEOL—% (PALSAR)

TJ1—XR7UA4AK LNy REFREOL—% (PALSAR)
&, BAROMIREREAEE (JERS-1: 1992-1998) IC
BHEcNE SAR ZESICHEER EULEHDTY, PALSAR
FZBREEFHDOLU—ITHO. LNV RORBREEIE 1270
MHz (23.6 cm) T9o 4DDI\RILHDSIEBRSNDT7 VT
FIE 3. 1m x 8.9m OAEEHHBOET,

PALSAR 5 DDEF S IEERAIE— RTEHRT D EN
TEFEY, 35, BREEDHET—R (FBS). ZRFKE
S RAEE— R (FBD). %{®KEE— R(POL).ScanSAR £—
R, RUBEGEE—R (DT) T, 72 D:EREDSH DT 7
A VE—LE—ROFNH S, 2 DOHKREOZERISGERENT
WET, HHERERS, 77774 7Ah 34.3°T. I\
RiglE28 MHzDFBS & . HHEH VIRRZRS. A7 75«
PHEN 34.3° T, J\VRIEE 14 MHz O FBD TY ., &I
[& 70km T, #_E9f#8E(X FBS €T 10 x 10m. FBD Tl&
10 x 20m CT9, 34.3 DA JF T4 PAZEEDOE—L
Z1& 36.6° - 40.9° DAGADEFHZER ULF I,

ILEERIE— RD ScanSAR 1%, i@ (HH) ® 14 MHz
I\ RIBT. BKZF 100 m Dt EHEREEN DD E T, 45
&EUTIE. 350 km DEREIEZHE. ZOEHTAGHAK
18.1°H1543.0° [CEDHDFT, PALSARD ScanSAR E—
RiE. BREHLVLDT. NABSIETERIN BIXIE,
SI\AEIC1)I\ZADER). XFtrPEDmaERIMELT
WEY,

REP - RFREHFATOY T bOFTIE, PALSARDT 7
4 E—LT—%X ScanSAR F—4% %, JAXA H Sigma-
SAR 7Oty U ZRVWTCEHLEL. 50 m DEREEEIRIC
BUT. KESCHAM I VAF—LAICRHELTVET,

CFEHCTOD PALSAR D7 YT &

ALOS PALSAR

Antenna size

89mx3.lm

PUTFHAX

Centre frequency 1270 MHz / 23.6 cm

HREEBEL

Chirp band width 28 MHz (FBS, ScanSAR long burst)
AN 14 MHz (FBD, POL, ScanSAR short burst)

Transmission peak power

[rveSupp)

2 kW

Pulse Repetition Frequency

1500 — 2500 Hz (discrete stepping)

JOVAREERE
Image modes Fine beam mode (FBS, FBD):
EHFRE—F - Single polarization (HH or VV)

- Dual pol. (HH/HV or VV/VH)
Polarimetric mode (POL):

+ Quad-pol. (HH/HV/VH/VV)
ScanSAR mode:

- Single polarization (HH or VV)

- No. sub-beams: 3,4 or 5

- Short (14 MHz) or long (28 MHz) burst
Direct Transmission mode (DT):

- FB single pol (14 MHz)

- ScanSAR (14 MHz)

Bit quantisation 5 bits

Ev b

Swath width 70 km (FBS, FBD @ 34.3°)
AR 30 km (POL @ 21.5°)

360 km (ScanSAR 5-beam)

Off-nadir angle
TIFT4THA

Variable: FBS/FBD: 9.9°-50.8°
POL: 9.7°-26.2°
Fixed: ScanSAR: 20.1°-36.5° (beam 1-5)

Look direction

Right

psli)
Ground resolution 10 m x 10 m (FBS @ 34.3°)
ith_ERRE 20 m x 10 m (FBD @ 34.3°)

Rg (1 look) x Az (2 looks)

31 x 10 m (POL @ 21.5°)
~71-157m (4 look) x 100m (2 look)
(ScanSAR 5-beam)

Data rates

240 Mbps (FBS, FBD, POL)

T—YHUE 120 Mbps (DT, ScanSAR)
Yaw steering Yes (near-zero Doppler)
TREENABIERIE




The ALOS Basic Observation Scenario (BOS)

Apart from the unique configuration of the PALSAR sensor, being the only
orbital L-band SAR instrument in operation, ALOS features an entirely new
acquisition concept, aiming at producing spatially and temporally consistent
coverages of the planet on a repetitive basis, to accommodate systematic global-
scale, fine-resolution, monitoring of the environment.

JAXA has acknowledged the critical need for consistent satellite data
over extensive regions and allowed the establishment of an unprecedented,
global systematic acquisition strategy - the Basic Observation Scenario (BOS)
- in support of the science goals for the ALOS mission. Unlike the common
background missions defined for most Earth Observation satelites, the ALOS
BOS has been implemented as a top-level foreground mission with a priority
second only to that of special observation requests and emergency observations
(e.g. earthquakes, natural disasters) and sensor calibration/validation.

In operation since late 2006, the BOS has resulted in a comprehensive and
homogeneous global archive of PALSAR, PRISM and AVNIR-2 data, in which a
consistent time-series for data can be found for any arbitrary point or region on
Earth. Previously, such consistent data archives existed only for coarse resolution
satellites.

The Basic Observation Scenario is particularly effectual for the PALSAR
sensor, which has the great advantage of not being constrained by clouds or
haze. The PALSAR BOS was designed to fulfil the following general acquisition
concepts:

* Spatial consistency: Continuous wall-to-wall acquisitions over continental
areas.

» Temporal consistency: Each regional acquisition performed during limited time
windows to maximise seasonal homogeneity in each wall-to-wall coverage

* Revisit frequency: Semi-annual repetition to accommodate systematic
monitoring of bio- and geophysical changes.

» Timing: Acquisitions performed during the same time period(s) every year to
minimize temporal bias.

* Sensor consistency: Selection of a limited number of operational default modes
to maximize data homogeneity and minimise programming conflicts.

* Mission-term continuity: Strategy operations until the end of the ALOS
mission life.

The ALOS BOS is refined on a continuous basis and the latest plan updates
are available for viewing at the JAXA EORC homepage: http:/www.eorc.jaxa.jp/
ALOS/en/obs/overview.html

ALOS OERERAIETE

R TH—DEFEER L /N> R SAR (PALSAR) Z#E# Lz ALOS ([EWB])
[F. BEDT—FEUSRENDINT TOREICLLRNTRENICIEZTLDHEWLD
ZEBHD. ZOEHASTEICIEFH ULFHN DD X T,

2 E U THARBEIIRLEFIREDEKREHCT KD ITESNTLE T H,
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BZENELIEBDEEO>TVET ., EANIICE. tIkERZE0<DOHDTOY
JICH31F. 7O0vI8ICEFIEFRURBICRAL. TNZIERILIT S ETREHN
[CREREAICHELEFDEVWDIDHDTT, INICKDFANICHBELE T —5 215D
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Figure 1: Systematic acquisitions through the PALSAR Basic Observation Scenario (BOS). Cloud-free
continental PALSAR coverage acquired during short time window (July 28 — Sep 11, 2009).
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Generation of PALSAR 50 metre resolution
global mosaics
Contributed by: Masanobu Shimada, JAXA EORC

Calibration and validation of the ALOS PALSAR sensor, which was
conducted after the ALOS launch in 2006, reported that PALSAR imagery have
high geometric accuracy (9.7 m Root Mean Square Error), and that the radiometric
accuracy and stability are high. PALSAR has the capacity to perform acquisitions
during almost 70% of every (100 minute) orbit, and by downlinking the acquired
data via the Data Relay and Tracking Satellite (in geostationary orbit over the
Indian Ocean), some 1500 scenes can be received at the JAXA ground stations
every day.

The global systematic acquisition strategy that is implemented for ALOS,
(also referred to as the Basic Observation Scenario, BOS) provides full coverage
of the global land surface twice per year, summer and winder (or dry and wet
seasons) at resolutions of 10 metres at single (HH) polarisation and 20 metres at
dual (HH+HV) polarisation. Since ALOS was declared operational in October
2006, JAXA has (as of June, 2010) collected full fine resolution coverages over the
Earth land surface more than 20 times.

JAXA EORC is using these extensive data for research activities within
the framework of the Kyoto & Carbon Initiative, including for example forest/
non-forest classifications, biomass estimation and monitoring of environmental
changes. An important task for JAXA is the generation of fine resolution mosaic
data sets, ortho-rectified using Digital Elevation Models to correct for topographic
effects. The figures illustrate samples of the continental-scale mosaics generated
by JAXA. The mosaics are generated from the full-resolution PALSAR data, but
provided at 50 m spatial resolution to improve radiometric quality and reduce
memory space.

Figure 1 shows a 50 m resolution, dual polarisation (HH+HV) mosaic
covering the entire Southeast Asia and Papua New Guinea, using data acquired in
2007 (SE-Asia) and 2008 (PNG). To create the colour composite, the HH channel
is displayed in red, HV in green and the HH/HYV ratio in blue. Since the HV
polarisation is particularly sensitive to backscattering from the forest canopy, forest
areas appear green in the mosaic. Lower vegetation and non-forest appear darker,
often in purple colours. Figures 2-4 show mosaics generated over Australia, using
data acquired in 2008, and over Central Africa and northern South America, using
data acquired in 2009. All mosaics are generated at 50-metre resolution, and they
can be enlarged to show fine details about the land cover.
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Figure 1: ALOS PALSAR 50 m resolution mosaic over Southeast Asia (2007
data) and Papua New Guinea (2008 data).
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Figure 3: Central Africa in 2009.
M3 hRFIUADEY AT, 2009 F

Figure 2: The Australian continent in 2008 at 50-metre resolution.
M2 A—XRSUPEFAU. 2008 F

Figure 4: Northern South America and the Amazon in 2009.
M4 PRIVEYA . 2009 F
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Wide-beam PALSAR ScanSAR mosaics

Contributed by: Masanobu Shimada, JAXA EORC

The ALOS PALSAR sensor can operate in different acquisition modes.
The most common is the Fine Resolution Beam mode, which can provide one
or two polarisation channels (HH and/or HV) at a ground resolution of around
10 - 20 metres with a 70 km swath width. Another useful mode is the ScanSAR,
which features a single polarisation only (HH) and a reduced ground resolution
of around 100 metres, but has the advantage of providing an extended imaging
swath of 350 km, i.e. five times that of the Fine Beam. This makes the ScanSAR
mode very suitable for high-repetition monitoring over large areas, for instance for
rapid detection of deforestation, or for monitoring of changes in flooding extent in
seasonally inundated wetlands.

Figure 1 shows a ScanSAR mosaic over the western part of Southeast Asia.
Thanks to the wide imaging swath, this area of 2500 km width can be covered
with only seven orbits. The light and dark intensity variations visible in each path
are caused by the large incidence angle variation (17° ~ 42°) between the near and
far sides of the paths. Effects of the incidence angle (i.e. the angle between the
ground normal vector and the satellite sensor) vary depending on the ground cover,
but is largely a natural consequence of the wide 350 km imaging swath. Despite
this radiometric peculiarity however, the five-times increase in observation
capacity makes the ScanSAR mode feasible for large area observations, and in
particular over regions where changes occur quickly. Figures 2, 3 and 4 show
ScanSAR mosaics over Japan, Brazil and Tanzania.

These four images are ScanSAR mosaics for a part of Southeast Asia
including Sumatra and Malay peninsula acquired (June-July 2009) and Japan
(summer of 2008). Also Central Africa (October-December 2009), and the
Amazon area (Dec/2009-Jan/2010) are shown. Compared to the mosaic made by
FBD strips, one ScanSAR strip covers larger incident angels. By correcting the
incident angle dependence, we could generate the ScanSAR mosaic with uniform
intensity. Compared to the FBS strips, increase of the observation frequency can
generate the timely consistent PALSAR ScanSAR mosaic.
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Figure 1: Wide-beam ScanSAR mosaic over western Southeast
Asia, including the Indochina region, Penisular Malaysia and
the Indonesian island of Sumatra.
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Figure 2: ScanSAR mosaic over
Japan.
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Figure 3: ScanSAR mosaic over
the southern part of the Amazon.

3 TPRVIVETAY

Figure 4: ScanSAR mosaic over
Central Africa.
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A fine resolution wall-to-wall mosaic of the
African continent

Contributed by: Gianfranco De Grandi, Ake Rosenqvist and Alexandre
Bouvet, Joint Research Centre of the European Commission (Ispra, Italy)

Continental-scale image mosaics demonstrate in an
excellent manner the strength of the global systematic
observation strategy that is implemented for the ALOS satellite.
That is particularly true for the PALSAR sensor, which has the
capacity to acquire data regardless of sunlight and weather,
and thereby can provide complete coverageof the Earth surface
within relatively short time periods.

Within the ALOS Kyoto & Carbon Initiative, the image
mosaicing effort is shared between the Science Team members,
within the Joint Research Centre being responsible for the
generation of a dual-polarisation mosaic over Africa. It is the
first time ever that a cloud-free mosaic at such fine resolution has
been assembled over the whole African continent.

319 PALSAR path images, each some 1000-2000 km in
length, were used for the generation of the mosaic, out of which
276 of the passes were acquired during the June-August, 2007,
time window another 27 passes during the next 46-day cycle
(Sept-Oct, 2007), while 16 passes (5% of the total) had to be
filled in from the 2008 acquisitions. The mosaic is represented in
a geodetic (lat, lon) reference system.

Figure 1 encapsulates the wealth of information in the
mosaic data set, with the great variety in brightness and colour
illustrating the broad diversity of the African environments.
Figure 2 shows a subset of the mosaic image at full resolution
(representing some 0.01% of the total mapped area) at the coastal
region between Nigeria and Cameroon. The Africa mosaic is
available free of charge for scientific and public use worldwide.

7 IUNKEESD SikET

=2FREERTRS

R YryI5Ya - Fa cISYT4. A= - O—EVILR . TLY
BRIV TR (4 HU7, ECUY—FEVH—)

ALOS F—4 TERESNDAERIBLEY 1 JEIRIE. £HEFR
ZRENICERRT DENICHETYT . KELOEEPIREMFIC
BEHh 5. $¥IC ALOS/PALSAR U Tl —4ESREIDEE
EZCY, TDlcs, EBNGHBT, MREZZTECRDIEN
TEFXY,

ALOS OR#zH - EVRIETETIE. BREERBED., EY1I57—
IDFEREHBFITDHIENTEFXFIDTJIRC (Joint Reserch
center) 77U NDZEREEY 1 JE&, (FBD) DERZTT
WEULrc,

EZFZEBUTCTESNICREVREEEDE G Z. £7 JUNKET
EHSNcDIF. CNFTOEHRAE LIHTDIETT,

319 PALSAR /\AE{&lF. REHZFNZN 1000 ~2000km
DEDHEYAIBEBRERICERAIN. TDD35 276 /N3,
2007 £ 6 B -7 BICREBLIEHDTT, fthd 27 /\RAIERD 46
HE (2007 F£9H-10H) . ED 16 /X A (£&D 5%) &
2008 FEICRBULItBDZEMAF Uiz, TNSOERIFAIE (EE.
RBRE) SlRIYATLICKRICEDNTEFT,

1Tl EYCMIT7—5DBEHRENEET. HEPEEHLS
BIEDT., 77U NDRIBEDLAESHFEZRIELTCVET,

K2, TRFEE (tbE{EUiigo 0.01%ICHzd) T.
FAI T U7 EARXI—VDEDBERRICA D EitbigZR L TL)
F9. COF7TUHDEKEE. HRPOBRZELP—RDAICHE
BITE>TLERIFED.




© K&GC, JAXA/METI, JRC

Figure 1: ALOS PALSAR 50 m mosaic over the African continent, generated from PALSAR dual-
polarization data acquired in 2007. The two polarizations (HH and HV) provide complementary
information about the nature and characteristics of the observed surfaces, giving deserts, rain forests
and savannah areas their profoundly different appearances. A third channel is derived from the two
polarizations (the HV/HH ratio) to create the color-composite image.
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Figure 2: Full-resolution subset of the mosaic, showing the great details of the mangrove areas at the
border between Cameroon and Nigeria.
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ALOS PALSAR mosaics over
North and South America

Contributed by: Bruce Chapman (Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, USA)

The extent and seasonal, inter-annual, and decadal
variation of inundated wetland areas play key roles in ecosystem
dynamics. Wetlands contribute approximately one fourth of
the total methane annually emitted to the atmosphere and are
identified as the primary contributor to inter-annual variations in
the growth rate of atmospheric methane concentrations.

A NASA funded research task, working in conjunction with
the ALOS K&C Initiative, will be generating an Earth Science
Data Record for global inundated wetlands, where wetland
extent and dynamics will be characterised using ALOS PALSAR
imagery and other sensors. The first step in creating the Earth
Science Data Record for inundated wetlands will be geo-coding
the PALSAR imagery and assembling regional image mosaics.
These image mosaics will be used to characterize the inundation
state.

Figure 1 shows a preliminary image mosaic covering the
Western United States. The color image is obtained by assigning
Red to the HH polarization ALOS PALSAR data, HV to Green,
and the ratio of HH over HV to Blue. The detail cutout shows the
excellent data quality when viewed at high resolution. The dual
polarization data may be used to classify some vegetation types.
Figure 2 shows a different type of image mosaic. The ALOS
PALSAR ScanSAR mode only acquires HH polarization, but
it is acquired more often, so it can be used to monitor seasonal
changes. The intensity banding and gaps in the mosaic will
corrected in the final versions.
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Figure 1: This preliminary mosaic of dual polarization ALOS PALSAR data, is sensitive to the
presence of vegetation.
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Figure 2: Detailed cutouts of a preliminary ScanSAR mosaic of the South American Amazon River Basin,
at the center of this figure, are shown. ALOS ScanSAR mode data is HH polarization only, but color
mosaics may be obtained by combining images from different dates.
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Near Real Time Monitoring of Brazilian
Amazon Deforestation
Contributed by: Dalton Valeriano, Silvana Amaral, INPE (Sao Jose dos

Campos, Brazil)

The Brazilian Institute for Space Research (INPE) is
responsible for the Amazon Deforestation Monitoring Program.
This program is comprised of a set of remote sensing based
systems to monitor the state of Amazonian forest cover. The
Near-Real-Time Deforestation Detection System (DETER)
identifies and maps recently deforested areas in the Brazilian
Amazon forests to support law enforcement for deforestation
control. DETER is based on low resolution optical sensors,
benefitting from their high revisiting capability. ALOS PALSAR
data has a strong potential to complement the DETER system
considering the environmental relevance, the extension, and the
frequent cloud cover conditions of the Brazilian Amazon forest.

As illustrated by the deforestation polygons and field work
pictures in the figures, deforested areas older than one year
present dark patterns in L-band SAR. Areas recently deforested,
usually mapped by the DETER Program are discernible in
ALOS PALSAR ScanSAR images as lighter areas.

With multi-temporal change detection approach, ALOS
PALSAR imagery will enable forest monitoring at regular basis,
even during the rainy season, when deforestation detection by
the DETER Program methodology is impaired by cloud cover.
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Figure 1: ALOS PALSAR ScanSAR HH multi-temporal composite, muncipalities of Itaituba,
Altamira and Novo Progresso (7.13S, 55.4W), in the state of Para (Brazil). Red: 30 August 2008,
Green: 30 May 2008; Blue: 13 January 2008. Located between Jamanxim and Curua River, and
along Road BR-163, this region was a deforestation hotspot in 2008.
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Figure 2: ALOS PALSAR ScanSAR HH multi-temporal composite for Altamira subset (white box) of Figure
1, mapped by DETER in May (yellow), June (cyan), July (blue), and August (black), 2008. Points A, B, C, D, E
and F are deforestation examples verified by aerial photographs obtained during field work in September, 2008.
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Deforestation Monitoring for Law
Enforcement

Contributed by: Humberto Navarro de Mesquita Junior et. al. (Brazilian Institute
for Environment and Renewable Natural Resources — IBAMA, BRAZIL)

The Brazilian Institute for Environment and Natural
Renewable Resources, IBAMA, is the executive institution of
the Ministry of Environment responsible for the implementation
of environmental polices. One of its missions is to implement
control actions to environmental protection. IBAMA’s Remote
Sensing Center is responsible for environmental monitoring by
satellite, in collaboration with Environmental Law Enforcement
Agents who check the monitoring information in the field by
helicopter or by car. This activity has become very important
for decision makers to implement environmental restrictions, as
well as for the Law Enforcement Agents to define the logistics
and strategies for their field actions.

The Amazonian region is also monitored by the Brazilian
Institute of Space Research (INPE), which undertakes annual
quantification of the rates of deforestation, as well as provides
deforestation alerts every fifteen days. Both systems are based
on optical satellite sensors, which however are hindered by cloud
cover, in particular during the rainy season.

ALOS PALSAR is unaffected by clouds and the wide-
swath ScanSAR mode is a valuable resource that is used
to complement the optical-based monitoring system for
identification of early deforestation. For each new potential
change detected in the satellite image, the borders of the area are
delimited and the area is classified into either being in the initial
process of deforestation, or a change caused by a on-going clear
cutting of the forest. The information is assembled into a so-
called Deforestation Indication document that is provided to the
Law Enforcement Agents to enable their fast responses to halt
illegal deforestation.
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Figure 1: (Left) ALOS ScanSAR image with old deforestation areas masked in black. (Right) Deforestation Indication document used by Brazilian Law Enforcement Agents,
with information about potential new deforestation areas.
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¢ This work has been undertaken by
JAXA EORC within the framework
of the ALOS Kyoto & Carbon
Intiative and the JERS-1 SAR Global
Rain Forest Mapping project.
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Detecting 14-year tropical forest change by
ALOS and JERS-1

Contributed by: Masanobu Shimada and JAXA/EORC team

High-resolution spaceborne Synthetic Aperture Radar
sensors have become important and effective tools to monitor
the state and associated changes of the global forests. The
long-wavelength type of radar (L-band) that is operated by
the Japanese JERS-1 SAR (1992-1998) and ALOS PALSAR
(launched 2006) is particularly suitable, as the L-band signal
not only penetrates cloud cover, but also is distinctly sensitive to
detecting deforestation.

The examples illustrate forest changes monitored by JERS-
1 SAR and ALOS PALSAR in Brazil and Indonesia between
1995 and 2009. Figure 1 shows the spread of deforestation
around Rio Branco in Acre state in Brazil during this 14-
year time period. Classification results indicate an increase in
deforested areas (dark in the figures) with about 1,900 km® (out
of the total image area of 60,000 km®). The second example
(Figure 2) is a multi-temporal colour composite image from
Matto Grosso state in Brazil. The massive deforestation that has
occurred during the 14-year period appears red in the image.
The third example in Figure 3 shows forest change in Riau
province in Sumatra, Indonesia. Deforestation patterns are here
less evident than observed with JERS-1 and ALOS in Brazil,
which is both due to that large-scale deforestation started later in
Sumatra, as well as due to environmental conditions which make
the distinction of forest/non-forest using only single-polarised
(HH) data (used by JERS-1 and PALSAR ScanSAR mode) more
difficult. In the Sumatra case, PALSAR dual-polarisation data
will improve detection.

TR I 0A Y RRITICRIT DHFMKER
%7 | BERIE (JAXA/EORC F—L)

AHFRMPLIEAMZRILE LT, BHITETUTWLWSHMES
(%R =HRMICERTZFREVCGIEEESZELTVD0D
b, FEOODENRECVYEFERLIEEDTY, HICERER
OU—%FEXIE. BROFIELERATE, 23cm ZEDREDE
RZEBINC ET. FTMEFMEXFMOXBINEZ THD . BRE
FRICHE>TEF UL,

CTICBNTBDIE. TSIIWPAYRRYTICBIFTD 1445
RDZEAEFITT .

—DERERIV =TSV ILOEEFEMEICHBET DU A TSIl
BIF2ELTT., 1995 FDEEK (K : JERS-1 SAR THHI)
THELRZASETH ((RiRit) H 2009 FOEIEKR (& : ALOS/
PALSAR T#R|) TIILHD > TVET . DEEEEUI@BRICKD.
C DEHGDFLEFRED 60,000km? [CHUT. 14 FRTHRIEMD
1,900km? IZEEIMLIzC Enbh b E Ule,

FZDEHFTY MTOYYMNDEDTY, BEda%E 1995 FhH
7x. 2009 EHEF/MRICH>TVET ., HFMEL LIcETBHIR
LEBINEITH. CORHNBEEAEDBRTHEALTVDT
EDbhbET,

EIDEFIEA Y RRYTERAY M SEUZIMNDEDTT,
CNE. FMEDFDEELRIDEVSHBDZOFFRENT
BO. ED 1995 FICH L THD 2009 F(FEAFICHELIEDT
WET. CCD=HICRKRENDK ST, FMDF I RFRM (F
FAUA, FRFITUN, FEFIT) TEITLTLWETH., Z
DRI AIFEFRICKDBEDET .




Figure 1: Deforestation patterns around Rio Branco (Acre, Brazil), as observed by JERS-1 SAR
(left) in 1995 and ALOS PALSAR (right) in 2009. Dark areas indicate non-forest.
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Figure 3: Riau province, Indonesia. Intensity changes visible in JERS-1 SAR and ALOS

PALSAR data (left: extract from 1995 JERS-1 SAR mosaic; right: 2009 ALOS wide-swath
ScanSAR).
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Figure 2: Forest decrease in Matto Grosso, Brazil. Red for 1995, and Blue and Green for 2009. Areas
appearing in red indicate deforestation between 1995 and 20009.
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ALOS PALSAR data have been
provided by JAXA EORC and the
American ALOS Data Node at the
Alaska Satellite Facility.

Image processing and analysis by
The Woods Hole Research Center,
2008. Josef Kellndorfer, Wayne
Walker, Claudia Stickler, and
Daniel Nepstad
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Forest cover mapping and change detection
in the Xingu watershed, Mato Grosso, Brazil

Contributed by: Josef Kellndorfer - Woods Hole Research Center (Woods
Hole/MA, USA)

Continuous observations of forest cover and forest cover
change from anthropogenic and natural disturbances are crucial
for a much needed better understanding of regional- to global-
scale carbon dynamics tied to the forest ecosystem. Also, in
the current re-negotiation of the United Nations Framework
Convention on Climate Change (UNFCCC), emphasis is
given on designing mechanisms to Reduce Emissions from
Deforestation and Forest Degradation (REDD+), and thus forest
observation needs are significantly increasing.

ALOS PALSAR offers two distinct characteristics which
make its image data invaluable for tropical forest observations:
Cloud-penetrating land surface imaging of the L-band radar
which is coupled with a dedicated observation strategy providing
annual (or better) high-resolution (~10-100 m) data sets acquired
during short acquisition timeframes.

The examples below show ALOS PALSAR-based mapping
in 2007 and 2008 of a 350,000 km? region in the upper Xingu
Watershed in Mato Grosso, Brazil. This area is located at the so
called arc of deforestation at the southern edge of the Amazon
and encompasses at its center a large forest reserve area, which
was burned significantly during the 2007/2008 forest fire season.
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Legend A Radar image mosaic of 116 ALOS/
A PALSAR scenes acquired from
Xingu Basin Watershed Boundary 8-June-2007 to 22-July-2007
Pt RGB=HH/HV/HH-HV
Ground Reference Points A 200746 H8H~200747H22H
H 1 ke IS S 72 116 ALOS/PALSAR 1]
Supplemental Reference Points MOV —F—Wi{§EF (7
il & 25 HE R RGB=HH/HV/HH - HV

B Classification: Forest (green)/
Nonforest (yellow)

B 5 AR G, BRARLIAL (%) Figure 2: Examples of fire scars (top) and deforestation (bottom) as detected by 2007 (left) and 2008 (right)

ALOS FBD imagery in the Xingu watershed region.

Figure 1: Forest cover classification (right) from ALOS PALSAR dual-polarimetric (FBD) data (left) & 2 : > >J—]II57EHD 2007 £ () & 2008 F (#7) M ALOS FBD EHIE(IC K o THRAIS e Nk

in the Upper Xingu watershed, Brazil. Colour representation of the imagery (left) is HH in red, HV in D#EE () EHmEEE () Ofl,

green, and the HH/HYV ratio in blue. NO—HEER (£) T. HH IR HV [Fg. HH/HV EEREFETRULTWVET,
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Estimation of vegetation above-ground
biomass in Queensland, Australia
Contributed by: Richard Lucas, Aberystwyth University (Wales, UK)

Across the state of Queensland in northeastern Australia,
changes in vegetation occur because of natural events and
processes, which may be modified by climatic variability, as
well as human activities. These changes may lead to uptake
of biomass (carbon) through regeneration and thickening of
woody vegetation and losses associated with direct clearance or
mortality because of drought or flooding.

To support the quantification of biomass change, maps
of above-ground biomass (AGB) in woody vegetation have
been generated using relationships established between ALOS
PALSAR data and field-based estimates of AGB. Variability
in the radar backscatter associated with environmental
conditions, vegetation type and growth stage has been taken into
consideration in this mapping effort. The distribution of AGB
was found similar to that obtained in other studies, with the
higher amounts (in terms of tonnes per hectare) associated with
coastal and highland forests. However the vast majority of the
AGB (in terms of area) is contained within the wooded savannas
inland and in the tropical north.
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Figure 1: Map showing above-ground biomass (ABG) in Queensland, Australia, derived from
ALOS PALSAR mosaic data. The HV polarisation channel on the PALSAR instrument is
particularly sensitive to biomass and vegetation structure.
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Figure 2: ALOS PALSAR L-band HV-polarisation mosaic of Queensland, Australia,
generated using data acquired in 2007 during periods of minimal soil moisture, as determined
from Advanced Microwave Scanning Radiometer-EOS (AMSR-E) data.
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Mapping and characterization of woody
regrowth, Queensland, Australia
Contributed by: Richard Lucas, Aberystwyth University (Wales/U.K.)

In the Brigalow Belt Bioregion of southeast Queensland,
since European settlement, extensive tracts of woody vegetation
have been cleared for agriculture. As a consequence, more than
60 % of native vegetation within the bioregion has been lost and
less than 10 % of forests with brigalow (Acacia harpophylla) as
a dominant or subdominant component remain. Despite being
one of the most endangered ecosystems in Queensland, only a
few areas of brigalow habitat are protected in national parks and
most are fragmented. However, brigalow is often dominant in
regrowth establishing on previously cleared land.

By integrating ALOS PALSAR backscatter data with so
called Foliage Projected Cover (FPC), derived from optical
Landsat data and defined as the fraction of the vertical view that
is occluded by foliage, the extent of different stages of regrowth
has been mapped. The earliest stage of regrowth exhibits a FPC
value similar to that of woody vegetation but a PALSAR HH
backscatter equivalent to non-forest as the stems are too small for
L-band microwave interaction to occur. Older (remnant) forests
collectively exhibit high PALSAR HH and HV backscatter and
Landsat FPC. Intermediate stages of growth can be defined
within remaining areas, using a relationship established between
biomass and PALSAR HV backscatter. The K&C project has
allowed new information on the structural characteristics and
extent of woody regrowth stages to be obtained, which has
application in policy, land management, carbon budgeting and
conservation of biodiversity.
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Figure 3: Examples of brigalow regrowth aged a) 5, b) 27 and c¢) 40 years. Mature remnant forest is illustrated in d). Even after 40
years, forests may remain structurally similar to the early regrowth stage (< 5 years) as the high density of stems inhibits growth.
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Figure 1: The extent of regrowth
and remnant woody vegetation,
Brigalow Belt Bioregion,
Queensland, as mapped using
ALOS PALSAR L-band HH,
HV and Landsat-derived
FPC. The inset enlargement
corresponds to the area marked
with the red box at the bottom
of the map. The smaller red box
(near Injune) corresponds to the
area in Figure 2.
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Figure 2: Composite of Landsat
FPC and ALOS PALSAR
L-band HH and HV dual-
polarisarion image, showing
brigalow-dominated early
regrowth (red) in the Injune
region in Queenland (smaller
red box on the map in Figure 1).
Areas in green represent rough
ground whilst shades of white
represent forests of increasing
biomass
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Wide area land cover mapping of Borneo

Contributed by: Dirk Hoekman (Wageningen University) and and Martin
Vissers (SarVision), The Netherlands

One of the main prototype areas for demonstrating PALSAR’s
wide-area forest and land cover mapping methodology is the island
of Borneo in South East Asia. Borneo is the third largest island in
the world and covers approximately 750,000 km®. Almost three
quarters of the island is part of Indonesia (Kalimantan), while
other parts are covered by Malaysia (Sarawak and Sabah) and
the sultanate of Brunei Darussalam. Borneo was almost entirely
covered by tropical evergreen broadleaved forest until the 1950s.
Intensive logging of predominantly commercial dipterocarp species
and conversion to cropland, oil palm and timber plantations has
reduced forest cover significantly. Other major natural vegetation
types include: peat swamp forests, which are found in the coastal
and sub-coastal lowlands of Borneo, freshwater swamps along
rivers inland, and mangrove forests in the coastal plains along the
coastlines.

This example is the first of its kind and shows a forest and land
cover map based on the classification of Fine Beam Single (FBS)
and Fine Beam Dual (FBD) polarisation (path) image pairs of the
year 2007. To cover Borneo the equivalent of 554 standard images
is required. The map features 18 land cover classes. Qualitative and
quantitative validation results and findings have been undertaken
and the accuracy achieved is widely considered adequate, a very
promising result for a sub-continental high resolution (50 m) map
based on just single-year radar data.
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Figure 1: Dual-season PALSAR mosaic image over Borneo island, 20009.
(R: HH July/August; G: HV July/August; B: HH January/February)
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Figure 2: Most detailed Land Cover map available over Borneo island, derived from ALOS
PALSAR dual-season data, acquired in 2007.
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Consistent land cover change monitoring in
Borneo

Contributed by: Dirk Hoekman (Wageningen University, The Netherlands)

ALOS PALSAR is well suited to provide accurate and up-to-
date information in a consistent and repetitive way. In this example
radar images of a 25 km wide oil palm plantation development
area in Sarawak, Insular Malaysia, are shown. The radar images
of the years 2007, 2008 and 2009 and the associated land cover
classification maps show the fast conversion of forest and grasslands
into new oil palm plantations.

Indonesia and Malaysia are the world’s largest producers
of palm oil and both countries have promoted rapid expansion
of the plantation acreage in the past decade(s). Existing land use
plans designate large tracts of land as so-called “forest lands™ (in
Indonesia: “kawasan hutan” and in Malaysia: “Permanent Forest
Estate). These forest lands are largely reserved for forestry,
biodiversity conservation and environmental functions and exclude
its use for forest plantation. In Borneo, forest lands also comprise
vast areas of peat land. Nevertheless, local NGO and national
government reports indicate that there are numerous cases where oil
palm concession areas overlap with forest areas and wetlands (such
as peat swamp forests) in legally protected forest lands. The actual
extent of plantation development and associated risks, however, are
not sufficiently known. This is a major barrier to the implementation
of sustainable palm oil production and its certification.

The ecological, social and economic impacts of (illicit) forest
land conversion are of concern to many stakeholders. Palm oil
from illicit sources can undermine the credibility of certification
schemes (such as Roundtable on Sustainable Palm Oil, RSPO) and
government policies and schemes (such as the Reduced Emissions
from Deforestation and Degradation, REDD).
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Figure 1: Land cover change mapping. ALOS PALSAR is very useful for the detection of changes in forest and land cover. The systematic data acquisition strategy
implemented by JAXA allows annual updates of land cover maps over wide areas, such as Borneo island. The purple colour shows the development of oil palm plantations
in an approximately 25 km wide area in the state of Sarawak, Malaysia.
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Mapping of Land Cover in Riau Province,
Sumatra, Indonesia

Contributed by: Nicolas Longépé, Preesan Rakwatin, Osamu Isoguchi,
Masanobu Shimada (JAXA) and Yumiko Uryu (WWF)

This work aims to investigate the capabilities of using ALOS
PALSAR mosaic data for land cover classification in tropical
rainforest areas. In collaboration with the World Wildlife Fund
(WWF), Riau province in central Sumatra was selected as study
site. Riau is covered by vast peat lands estimated to hold Indonesia’s
largest stock of carbon. However, Riau is under serious threat
because of rapid large-scale deforestation and conversion of the peat
lands to plantations.

In this study, a land cover classification map was generated
from PALSAR 50 meter resolution mosaic data using a so called
Support Vector Machine (SVM) classification approach, which
has been successfully introduced in remote sensing in recent
years. There were six different classes discriminated: Dry natural
forest, Swamp forest, Acacia, Clear cut, Oil palm and Others. The
classification agreement is of the order of 70% for the land cover
map in comparison with the WWF reference map, derived by
manual interpretation of optical (Landsat) data. Both the ALOS
PALSAR and Landsat data were acquired in 2007. When confining
the classification to the distinction of forest and non-forest only
(i.e. natural forest versus non-natural land cover types such as
tree crops, plantations etc.) a classification accuracy of 86% was
achieved, indicating that the mapping of the tropical rainforest belt
using PALSAR data appears to be an achievable target.
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Figurel: Left: Land cover classification based on automatic classification of 2007 ALOS PALSAR data
Right: Land cover classification based on manual interpretation of 2007 Landsat data (W WF reference data set)
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Mapping deforestation in Sumatra
using multi-temporal ALOS ScanSAR data

Contributed by: Shaun Quegan, Centre for Terrestrial Carbon Dynamics
(CTCD), University of Sheffield, UK

Tropical deforestation is a major factor in climate change,
contributing around 20% of the total amount of anthropogenic
carbon dioxide emissions. The 2009 Copenhagen Climate
Conference therefore recommended that steps be taken towards
establishing the Reduction of Emissions from Deforestation and
Degradation (REDD) mechanism, which will provide economic
incentives for tropical countries to preserve their forests. Crucial to
REDD are reliable methods to monitor tropical forests; these should
also, if possible, provide frequent observations so that national
authorities can respond quickly to illegal logging.

ALOS PALSAR seems ideal for this purpose as it is
unaffected by the cloud and smoke that cause serious problems for
optical observations in the tropics, and in particular the ScanSAR
mode which allows wide area coverage every 46 days. Methods to
detect deforestation from time-series of ScanSAR images have been
developed and applied to the Riau province of central Sumatra. This
area is of global significance because much of the forest grows on
deep peats, whose degradation after deforestation can lead to major
emissions of carbon dioxide.

Results show that the temporal signature of deforestation
in Sumatra varies in the single-polarized (HH) ScanSAR data,
and even undisturbed forest shows marked temporal variability,
probably caused by changes in soil water. Hence automatic methods
can achieve high rates of detection of deforestation only at the
expense of false detections in undisturbed forest. Current results
thus suggest that a high level performing monitoring system will
need the ScanSAR data to be supplemented by PALSAR dual-
polarisation (HH+HV) data (acquired at less frequent time intervals)
to help resolve these ambiguities.
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Figure 1: Multi-temporal composite image over a part (100 km x 75 km) of Riau province, Sumatra,
generated from ALOS PALSAR ScanSAR data acquired in January and September 2007 and June
2008. Overlaid on the image are deforested areas detected by ScanSAR during the period June
2007 — June 2008 and regions deforested between April 2007 and June 2008 according to the WWF
databases. Inset diagrams show temporal ScanSAR backscatter signatures for each of the pixels
in a 5x5 window surrounding a few points in the image, indicating the variety of temporal signals
encountered in both deforested areas and primary forest.
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Figure 2: (a) Dual-polarisation PALSAR composite image for 2007/06/28 with HH, HV & HH/
HV taking the RGB channels; (b) is the same scene a year later, on 2008/06/30, and shows clear
changes. Image (c) shows (b) overlaid by ScanSAR detections over the same period in red. Image
(d) shows part of a Landsat image of the same area acquired on 22/07/2008.
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Forest logging and tree plantations
1n Vietnam
Contributed by: Thuy Le Toan (CESBIO, France)

Forests act both as sources and sinks of CO; as deforestation
depletes carbon stocks and releases CO; to the atmosphere, while
on the other hand, forest regrowth results in large absorptions of
carbon. Quantifying forest carbon stocks and their changes are
therefore critical. However, the magnitude, stability, and regional
and temporal variability of these sinks and sources are poorly
known and are the subject of heated debate, particularly because
of its relevance to the Kyoto Protocol. The increment in biomass
for growing forests is spatially variable as the regrowth after
disturbances depends on climate, soil characteristics, change
history, etc., as well as in the cases of managed forest and forest
plantations, also on species and cultural practices.

Vietnam is currently carrying out a large-scale “reforestation”
programmes. Much of the planting taking place today is of
fast-growing tree species aimed at producing raw materials for
the pulp and paper industry or manufacturing of woodchips
for export. Also, Vietnam has decided to increase the areas of
rubber plantations in the country to produce more natural rubber.
According to Vietnam's Agriculture Ministry, the area of rubber
has increased from about 75,000 ha in 1975, to about 700,000 ha
in 2010. In 2009 alone, some 37,000 ha of new plantations were
created.

Changes in biomass due to tree harvesting, deforestation
and regrowth can be clearly assessed using time series of ALOS
PALSAR data. ALOS is programmed by JAXA to cover all of
Vietnam at least 2 times every year to accommodate nation-wide
change monitoring.
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Figure 1: Southern Vietnam, July/August, 2009.
Extract from the K&C PALSAR mosaic over
Southeast Asia, generated by JAXA EORC.
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Figure 2: Multi-temporal PALSAR
image over Dau Tieng, Vietnam (R:
2007; G: 2008; B: 2009). The area part
is of the extensive rubber plantation
programme, where extensive
conversion from natural forest to
rubber plantations is taking place.
Forest cleared 2007-2008 appear in
red, clearings between 2008-2009 in
yellow, while young growing rubber
shows up in blue.
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Figure 3: Prototype map of above-ground biomass, estimated
from ALOS PALSAR dual-polarisation path image data. The
cross-polarised HV channel is particularly sensitive to vegetation
structure.
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Land cover and topographic
mapping at national scale in Malawi

Contributed by: Francesco Holecz (sarmap, Switzerland)

The use of Synthetic Aperture Radar (SAR) data is often
an absolute requirement in large parts of the African countries,
in particular for those close to the equator, simply due to the
fact that optical satellites are severely hampered by clouds. An
operational application based on the use of ALOS PALSAR
interferometric data has been developed for the generation of a
country-wide land cover map over Malawi, and, with the same
data set, the production of a Digital Elevation Model at very fine
(10 meter) resolution.

The results clearly show that PALSAR data enables the
reliable identification of key land cover types such as forest,
clear cuts, burnt areas, low vegetation, bare soil, and water
bodies. Moreover, by combining ALOS PALSAR data with
multi-temporal data from radar satellites operating with shorter
wavelengths, such as in this case the European Envisat ASAR,
a crop map can be generated. The integration of longer (ALOS)
and shorter (Envisat) wavelength radar data, the latter acquired
during the whole crop season, enables accurate mapping of the
cropped areas and their evolution during the growth period. It
should also be noted that the Digital Elevation Model derived
from the ALOS interferometric pairs shows a higher quality
than the Shuttle Radar Topographic Mission one, and it opens
new capabilities to topographic mapping in near-equatorial, non-
forested regions.
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Figure 1: Malawi. Colour composite based on interferometric ALOS PALSAR data (70 image pairs have been used).
The enlargements highlight the extensive information included in this type of data set, which allows the generation
of products such as main land cover/change classes, and digital elevation model.
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Figure 2: Multi-temporal data set based on ALOS PALSAR (70 scenes) and
ENVISAT ASAR (120 scenes), covering the whole Malawi (118,000 km?, 15 m
resolution). The enlargement highglights the rich information included in this multi-
temporal multi-satellite data set, which allows the generation of crop maps.
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Using ALOS PALSAR for timber volume
estimation in forest plantations in South Africa

Contributed by: Francesco Holecz (sarmap, Switzerland)

The conventional practice to collect forest ground truth
information (forest biophysical parameters), such as tree height,
stem diameter (DBH) and other contextual information, is by
using a system of sample plots that represent the forest types of
interest. The sample plot information is then averaged across
the forest stand and standard allometric equations (i.e. empirical
relationships between e.g. tree height and timber volume or
biomass) are applied to produce estimates of the timber volume
per stand, and subsequently extrapolated across the plantation.
This approach is however both time consuming and costly and
limits the possibility of regular plantation-wide estimates of
timber volume.

Earth Observation data provides the possibility to move
from the statistical sample plot based methods to full wall-to-
wall mapping of the plantations. An approach has here been
developed to provide transparent, comprehensive and cost
effective forest information by integrating specific products
derived from ALOS PALSAR data.

In a series of trials in Mpumalanga province, South Africa,
multi-temporal interferometric ALOS PALSAR data were
acquired and the approach was tested over a range of conditions
—across different topography, at sub compartment level, across
different seasons and weather conditions — to confirm that it
could be used in an operational manner to support and improve
management of saw log plantations. The approach was evaluated
by timber companies in the province and considered valuable
and very useful, demonstrating the utility of ALOS PALSAR for
forest mapping and monitoring purposes and for the extraction
of key forest biophysical parameters that are required to estimate
standing timber volume.
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Figure 1: Composite of ALOS PALSAR Fine Beam Single and Dual polarization data (top left) over
Mpumalanga province, South Africa (top right). The approach is designed to detect and extract
known land cover classes from single-date PALSAR HH/HV intensities (bottom left) and, whenever
available, including HH-coherence (bottom right).
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Figure 2: Biophysical products derived from ALOS PALSAR. The estimation of tree height (top left),
diameter at breast height, DBH (top right), and basal area (bottom left) — the three key biophysical
parameters required as input parameters into the forest model for the estimation of timber volume
(bottom right) — is performed by applying regression analysis by species on samples basis and
PALSAR HV data. Trees per hectare are additionally estimated by considering basal area and
diameter at breast height.

M2 : ALOS/PALSAR D' SEUS UIEMYEZNE T —5 . ADOBSOHE (EL). WSkEE
(DBH) (BL). WITDILDD (£ F) —ZD3DDT—IDEMPEZDF—L18D, TDT—F
D OBABEDHMETIL (BF) BMEECTEXT, YV TILEN—X(CUTCEEOERDFTDIG
A& PALSAR HY F—9 B E(ICEOTVERT, 1 A\TF—)LHEEDDREARE. RITDILDD LN
WEEZER LU CHESNE T,

43



44

Z"jI TJ

Stockholm
Gothenburg Z '\ JaTIbL\
—TTU

Forests

M

% This work has been undertaken
within the framework of the JAXA
Kyoto & Carbon Initiative, funded
by the Swedish National Space
Board, by Johan Fransson, Andreas
Pantze and Hékan Olsson (Swedish
University of Agricultural Sciences,
Sweden), Maurizio Santoro (Gamma
Remote Sensing, Switzerland),
Leif Eriksson and Lars Ulander
(Chalmers University of Technology,
Sweden)

MAREED— B F JAXA RED-
KEHRASTBEBOHREHFT X
DI—FVERFHBEDOBRKICK
D, Johan Fransson. Andreas
Pantze.Hakan Olsson (RO 1—
TUBERZEXE RUI—TV)
KO Maurizio Santoro (> <+
UE—h VYT, AAR)
Leif Eriksson. Lars Ulander
(FPILR—AKZE, RDI—TV)
PMERRULZE LTz,

National clear-cut mapping in Sweden

Contributed by: Johan Fransson (SLU, Sweden) and Maurizio Santoro
(Gamma, Switzerland)

In Sweden, a nationwide coverage of optical satellite data
is acquired annually by the government for forest monitoring
purposes. The images are used by the Swedish Forest Agency
for change detection in order to find clear-felled areas and
subsequent verification of the cutting permits of about 70,000
clear-felled areas yearly. In combination with about 50,000
National Forest Inventory (NFI) field plots, the images are also
used for producing nationwide forest maps (e.g. stem volume and
biomass). In order to obtain the 200 cloud-free optical (SPOT)
scenes that are required for a nationwide coverage, about 5,000
programming attempts are needed because of frequent cloud-
cover and long periods of reduced solar illumination. In this
respect it is of interest to investigate images acquired by ALOS
PALSAR, which achieves full cloud-free coverage of Sweden at
least twice per year in dual polarisation mode. In this mode the
sensitivity of the intensity recorded by the satellite is maximised
with respect to forest properties. The radar backscatter
is typically lower for bare ground, e.g. clear-felled areas,
compared to mature and regrowing forest. Within this project a
methodology has been developed for detection and delineation
of deforestation (primarily clear-cuts) in Sweden using strips of
ALOS PALSAR images, to be integrated in the mapping system
used by the Swedish Forest Agency.
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Figure 2: Gothenburg, the second largest
city in Sweden, highlighting the level
of detail in the ALOS PALSAR mosaic
dataset.
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Figure 1: False colour ALOS PALSAR mosaic over four of the Nordic countries (Sweden, Norway, Denmark
and Finland) at 50 m resolution. Forests appear in green. Bare surfaces, agricultural fields, recent clear-cuts and
marshes appear in purple. Open water, such as rivers, lakes and the seas appear in blue.

B 1 :ALOS PALSAR J7#—JUR - BS5—IC&D. M4 HE (ROZ—-F2, /IbDIA. TUX—T, T«
VISUR) OEYA TER. HRMIERE. RESHLOLM, B, RIARSNCBMOETEEE. )L 8 B
FEDKAFEBTRSNTVNE T,

45



46

F-15
Asia

Z%ﬁﬁ£§wi§

Krasknoyarsk
ISR/ VIVRG

L Central Siberian
Plateau >
HFRIYNUT7ER

Irkutsk /
1Io—yse

vo—vy
L]

% This study was undertaken in
part with in the framework of the
JAXA Kyoto & Carbon Initiative,
staff support was financed through
the ESA-project “GMES Service
Element - Forest Monitoring” which
also supported the cooperation with
the Russian Forest Inventory Agency
“Roslesinforg” in Irkutsk/Russia.

COFRIF. JAXA RE K*k-
BHASEOT —YHEICKIDTE
ENFUIc. MNFEERE (ESA)
JOYVIJ N HKSATOY T
7 b (GMES) DHFEME=ZSI UV T
EANT=YoDOY T HMER
B E s EZE LE U,

Boreal Land Cover and Forest Structure
Mapping

Contributed by: Christian Thiel, Christiane Schmullius (Friedrich-Schiller University
Jena, Germany) and Maurizio Santoro (Gamma Remote Sensing, Switzerland)

Russia holds the largest forestry resources in the world (ca.
22%). The detection and monitoring of forest cover changes are
of great interest not only for the State Forest Services but also
for climate change related questions. Large changes in the forest
structure due to logging (legal and illegal), fires, insect outbreaks
and wind damage are very common. Due to the large and partly
inaccessible territory, as well as of the long winters and frequent
cloud cover, only satellite radar offers the unique capability to
guarantee regular image acquisitions.

The study area is located in the Central Siberian Plateau
in central Siberia, with taiga forests (spruce, birch, larch, pine)
covering some 82% of the region. The site exhibits continental
climatic conditions with dry and very cold winters (down to —40° C
in January) and warm and wet summers (up to 35° C in June).

To investigate the feasibility of using dual-season ALOS
PALSAR data to enhance the sensitivity for mapping of the
characteristics of the forest, summer backscatter intensity data
and winter interferometric coherence data were used. Coherence
is a product of two “sterecoscopic” radar images derived from a
technique called interferometry and the resulting coherence images
give an estimate of the density and thickness of forests. The study
showed that areas of forest, sparse forest and non-forest could be
separated with an accuracy of 93%, thus proving that operational
delineation of forest cover is feasible using PALSAR. Aside from
forest, other land cover types such as settlements, water surfaces
and agricultural areas could also be mapped with reasonable
accuracy.
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Figure 1: PALSAR composite (left figure: red and green channels — HV polarization backscatter intensity, blue channel - winter coherence 2007/08) and the retrieved forest
structure map (right figure) of an intensive logging region in central Siberia.
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Mapping 10-year changes in forest biomass
in Central Siberia
Contributed by: Thuy Le Toan (CESBIO, France)

The forests of Siberia constitute about 22% of the
total world forested areas and nearly 50% of the total world
coniferous-forested areas. The Siberian forests have recently
become an important topic of debate. The first reason of the
interest is the role of Siberian forests as weak carbon sinks, and
the large uncertainties in the sink estimates. The second reason
for this interest is concerned with the ongoing exploitation of
forest resources.

When combined with natural hazards, this over-exploitation
may cause serious deterioration of the environment, especially
when considering the very low recovery rate of boreal forests.
ALOS PALSAR data have proved particularly useful for
providing information relevant to carbon budget calculations
and to the assessment of forest status, from logging to regrowth
during the first decades after disturbances in Siberia.

Quantification of a 10-year change in forest cover in the
Siberian regions of Irkutsk and Krasnoyarsk was undertaken by
comparing a 1997 forest map derived within the SIBERIA project
from JERS-1 and ERS satellite data, with ALOS PALSAR data
acquired one decade later, in 2007. The results obtained for the
two study regions, which together cover an area of one million
hectares, indicate that logging and forest fires may have affected
some 12% of the area around Irkutsk and as much as 16% around
Krasnoyarsk. While the results are under validation, this high
exploitation rate of more than 1% per year indicates a concern for
the future development of the Siberian forests.
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Figures: 10-year forest changes around Irkutsk, Central Siberia, derived from 2007 ALOS PALSAR data
compared with JERS-1 and ERS-1 data acquired in 1997. The map indicates biomass loss (mainly by
logging, and also by fires) as well as biomass gain (regrowth of up to 30 ton/ha).
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Wetland management and
wild life protection in the Pantanal

Contributed by: Maycira Costa (University of Victoria, Canada)

The Pantanal Wetland is located in Brazil, roughly in the
center of South America, at the borders between Brazil, Bolivia
and Paraguay. It is the largest pristine tropical wetland in the
world, covering a continuous area of approximately 160,000
km? (several times the size of the Florida Everglades) with
an abundance of biodiversity and varied threatened habitats,
both on land and in the water. This includes a large number
of bird species such as the giant Tuiui - the 2 m tall symbol of
the Pantanal - as well as anteaters and caimans. The interplay
between the distribution of vegetation, hydrology, climate and
geomorphology nourishes and sustains the large diversity of
flora and fauna in this wetland system. Unfortunately this
interplay is poorly understood at the scale of the entire Pantanal,
and the wetlands are threatened by human development, such
as logging for agricultural activities and cultivated pastures,
building dams, mining, burning of vegetation, and others.

The Pantanal project, partially sponsored by JAXA under
the K&C initiative, uses L-band ALOS PALSAR and other
SAR imagery acquired at different times of the year to map the
flood dynamics of the Pantanal ecosystems at different scales.
These maps will help on defining strategic areas that should be
protected for wild life. In addition, our work will help answer
questions of how changes on climate and human activities over
time affect the biodiversity and people who live the Pantanal.
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Figure 1: Top: Aerial photograph over the Pantanal. Bottom: Abundant wildlife (Tuiui-the
bird symbol of Pantanal; Caimans on the shore, Large Anteater)
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Figure 2: 2007 multi-temporal PALSAR ScanSAR mosaic over the Pantanal
(Blue: February/rising water Red: July/mixture of high and low waters
Green: November/low water)
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ALOS reveals regional-scale effects of
La Nifia 2008

Contributed by: Ake Rosenqvist and Frank De Grandi,
EC Joint Research Centre (Ispra, Italy)

La Nifa events occur when the water temperatures in the
equatorial belt of the Pacific are cooler than normal. It is the
opposite effect of El Niflo, which forms when Pacific water
temperatures are warmer than normal. Both phenomena affect
global weather patterns and result in anomalous droughts and
rain events.

Early 2008 was the peak of a recent La Nifa event, and
it resulted in increased precipitation in both central Africa
and South America. In the central part of the Amazon river
basin the peak of the seasonal flooding normally occurs
sometime in the period May to July, with January and February
normally displaying rising, but still moderate water levels. In
2008 however, La Nifia caused increased precipitation and
exceptionally high river levels and extensive flooding already the
first months of the year, in particular in the northern part of the
basin. The effect of La Nifa is evident in the unique view of the
central Amazon basin provided by ALOS PALSAR. The images
were acquired in February 2007 (normal year) and February
2008 (La Nina year), and show the extensive high water levels
(bright) caused by the event.
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Figure 1: The effect of La Nifia in the central Amazon river basin. as observed by ALOS PALSAR. The images cover an area of 350 km by 350 km. The Negro river is visible in the top, and the Solimdes (Amazon)
at the bottom of the images. The left image shows the basin in February 2007 (normal year) and the right image the region in February 2008 during La Nina. The exceptionally high water levels and extensive
forest inundation in the northern tributaries are manifested as bright in the images.

1:ALOS/PALSAR [cKDERILIc 7 XV VIR CODS Z—Z v IRRDFE, 350km MFOER, B EERICR IO TEICYUEVIR(PYVVIDRAEFT . £ZOERIE. 2007 £ 2 B (B%F).
A0EKE. 2008 F 2 DS = —Z v IRKFEEROREDRT . BEERFOIEDVERDHVKET. JtOTANERICEVVKUZRL. LEHEICDIZDHRMDRKDER TEE T, ALOS K&C OJAXA/METI

53



54

South America
S

Amazon
7RIV

Brazil
I35I)b

Ma\mjraua Sustalnable
Development Reserve

Clihsw

Wetlands

ikl

% This work has been undertaken
in part within the framework of the
JAXA Kyoto & Carbon Initiative.
Image processing and analysis
were supported by the Brazilian
National Institute for Space
Research (INPE), the Institut de
Recherche pour le Développement
(IRD), and NASA’s MEaSUREs
program.

MARBEZED—EBE JAXA R - B
FEVAIST BRI TR SN,
BRNIE, HETSIILFER
it INPE) BAFH 2R (IRD)
KU NASA O MEaSUREs 7O
SLICKDZEENE U,

Habitat mapping for biodiversity and
conservation on the Amazon floodplain

Contributed by: Laura Hess
(ICESS, University of California Santa Barbara, USA)

The seasonally inundated flood plain, or varzea, of the
Amazon River is rich in biodiversity and in forest, game,
and fisheries resources that historically have supported
local communities in a sustainable manner. Today, varzea
environments are under increasing pressure from threats
including cattle ranching, timber extraction, commercial
fishing, and hydroelectric projects. Large areas of the Brazilian
varzea have been designated as Sustainable Development
Reserves, within which biodiversity is assessed and monitored,
and conservation planning is carried out in cooperation with
communities.

Because vegetation patterns are closely linked to inundation
period, varzea habitat mapping requires a sensor that can detect
seasonal flooding beneath forest canopies, regardless of cloud
cover; only ALOS PALSAR provides this capability. As shown
here (Figure 1), multi-date Fine-Beam PALSAR data was used
to map environments of the Mamiraua Sustainable Development
Reserve, located at the confluence of the Amazon and Japura
Rivers. PALSAR-based mapping is being used at Mamiraua
and other varzea reserves in conservation planning for animal
species including the giant (and delicious) Amazonian pirarucu
fish, the Amazonian manatee, the jaguar, and three caiman
species, as well as for inventory and sustainable management of
forests and fisheries.
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Figure 1: ALOS PALSAR Fine Beam multi-temporal composite,
Mamiraud Sustainable Development Reserve, Amazon floodplain
(2.8S, 65.0W). Red: HH, 14 June 2007; Green: HV, 14 June 2007,
Blue: HH, 30 July 2007. The Mamiraud Reserve is bounded by the
Amazon River to the southwest and the Japura River to the northeast.
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Figure 2: Classified image for
subset (red box) of Figure 1,
using three PALSAR dates as
inputs (14 June, 30 July, and 30
October 2007). Between high-
water stage in June, and low-
water stage in October, the
Amazon River fell 9.1 m. In
June, nearly the entire floodplain
was inundated. Varzea tree
species are adapted to tolerate
various degrees of flooding-on
the lower parts of the floodplain,
trees are largely submerged at
peak flood stage, and fish swim
through the treetops.
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Structure Inundation period Local term AL 2KHARS ® R AR
Woody-tall 0-1 months/year High vérzea forest LR FEO-1 28 TEER SDERARM
Woody-tall 1-2 months/year High varzea forest BLEAR FE1-2 58 WK SDERARM
Woody-tall 2-6 months/year Low vérzea forest B FHE2-6 v B = LR
Woody-tall 6-9 months/year Chavascal EULER FE6-9 7/ = Chavascal
Woody-short 6-9 months/year Chavascal ER FE6-9 5/ 2o Chavascal
Herbaceous 9-12 months/year Aquatic macrophyte = FEO-12 48 Kes KELKAEREY
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Regional inundation mapping for carbon cycle,
hydrologic, and climate modeling in the Amazon basin

Contributed by: Laura Hess (ICESS, University of California Santa
Barbara, USA)

With a 350 km swath width allowing rapid imaging of
continental-scale areas, the ALOS ScanSAR mode provides the
unique capability to map inundation in forested tropical regions
with high spatial (100 m) and temporal (46-day) resolution. Because
inundated wetlands are the largest natural source of methane,
an important greenhouse gas, knowledge of seasonal wetland
inundation is required for regional and global carbon cycle modeling.

Inundatable wetlands cover approximately 15% of the lowland
Amazon basin; these areas are thus an important component of the
regional hydrologic cycle. Global climate change is likely to cause
changes in seasonal inundation patterns in the basin, with increased
frequencies of floods and droughts. In order to detect possible
future changes, a multi-year baseline record of current inundation
seasonality is urgently needed.

Through the ALOS systematic acquisition strategy, ScanSAR
imaging of the Amazon basin is providing a 100-fold improvement
in the spatial scale of inundation mapping compared to previous
sensors. The ScanSAR multi-temporal, multi-swath composite in
Figure 1 provides a synoptic view of regional flooding patterns for
an area of approximately 680,000 km?* (over 10% of the total basin
area) for the period May-August 2007. Colour variation within the
wetlands reflects differences in timing of the seasonal flood pulse
1) between south and north, 2) between east and west along the
Amazon floodplain, and 3) between the upper and lower reaches of
smaller tributaries.

Seasonal inundation products covering the complete annual
cycle are being produced for the entire Amazon basin through the
ALOS Kyoto & Carbon Initiative.
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Figure 1: Three-date ALOS ScanSAR mosaic of the central Amazon, from May, June/July and August, 2007. Non-wetland areas are shown in gray. The remaining areas appear black (primarily

open water or sparsely vegetated), white (forested areas that are flooded during all three imaging cycles), or in various colors (forested areas with changes in flooding between the months of May,
June-July, and August 2007).
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#¢ This work has been undertaken
in part within the framework of the
JAXA Kyoto & Carbon Initiative.
Image processing and analysis by
Lisa Maria Rebelo, International
Water Management Institute, 2010.
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Mapping of threatened wetlands
along the Nile River

Contributed by: Lisa-Maria Rebelo,
International Water Management Institute (Addis Ababa, Ethiopia)

Located on the White Nile River in Sudan, the Sudd
wetland is one of the largest inland wetlands in the world. The
Sudd is rich in flora and fauna and although it is one of the
largest floodplain systems in Africa, detailed maps do not exist
of the ecosystem. A core area of 57,000 km? of the wetland was
designated as a Ramsar Convention Site in 2006, recognizing
the high biodiversity of the wetland.

However, potential water resource developments threaten
the wetland and will result in large environmental consequences
in the region. A particular threat is the Jonglei canal that is being
built to divert the river away from the rich swamps to carry the
White Nile's water directly to the main river channel north of the
Sudd. Construction of the Jonglei Canal was halted in 1984 due
to political instability in Sudan, but in 2008 discussions were
begun to restart the construction.

Very little is currently known about the flooding extent
and seasonal changes within this sensitive wetland, and the full
impact of the canal cannot be fully evaluated without this crucial
information.

Thanks to its capacity to see through clouds and its unique
sensitivity to map flooding even under tree cover, ALOS
PALSAR plays a key role in increasing our understanding of
this complex wetland. As a collaboration between JAXA and the
International Water Management Institute, the Sudd wetland is
being subject to intense monitoring.
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Figure 1: The Sudd Wetlands, Sudan. False colour composite image using PALSAR data from June, September and December, 2007. The Jonglei Canal is
the linear feature running north-southwest direction on the right of the wetland (marked with red arrow).
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Image processing and analysis by
Lisa Maria Rebelo, International
Water Management Institute, 2010.
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Mapping wetlands in Africa to improve understanding
of wetland-livelihood interactions
Lake Urema, Mozambique

Contributed by Lisa Maria Rebelo, International Water Management
Institute (Addis Ababa, Ethiopia)

Lake Urema is a shallow lake located on the floor of the
Rift Valley, to the south of the Zambezi River in the Gorongosa
National Park, Mozambique. The periodic inundation of the
floodplains surrounding the lake is vital for maintaining the
ecological character and biodiversity of the Park. The frequent
flooding creates a dynamic ecozone supporting a range of
diverse habitats with the capacity to support large numbers
of herbivores (e.g. small and large antelope) and associated
predators (e.g. lions).

However while the wetland is vital in supporting wildlife
populations and the ecosystem of the Park, the livelihoods
of local people are also dependent upon it and the ecosystem
services it provides (e.g. fisheries). Land-use practices, in the
watershed outside the Park affect the hydrological regime of the
wetland. Consequently, there are a number of potential conflicts
between livelihood and conservation requirements. Information
on the flooding patterns and vegetation distribution within the
floodplain is essential in order to understand the system, and to
identify future changes in the hydrological regime.

Due to its high temporal coverage, high spatial resolution,
and ability to “see through” clouds PALSAR data provides
information which is not available from other satellites. This
data is critical for mapping the flooding patterns and vegetation
characteristics of the Lake Urema.
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Figure 1: Lake Urema, Mozambique. Dual polarisation false colour ALOS PALSAR
image acquired in 2007.

1T EYVE—IDDIUT#. 2007 FIC ALOS PALSAR D EUS UIc Z&EmK 7 4 —
VAR S—DE

EXVINE/FavFuN
EXVINE /it
AXIE (MEW)
FHIMICKR LA RITE (M)
I
ez ity

Figure 2: Identification of wetland types based on flooding regime, derived from multi-
temporal PALSAR ScanSAR data.
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Flood duration mapping in
the Congo River Basin

Contributed by: Ake Rosenqvist and Frank De Grandi, EC Joint Research
Centre (Ispra, Italy)

The Congo River Basin is the second largest watershed
in the world, covering an area of about 3.8 million km?. The
floodplain is subject to a seasonal inundation cycle in which
extensive forest areas are flooded on a regular basis, and as
such, constitutes a significant source of natural greenhouse gas
emissions to the atmosphere. The magnitude and variability of
these emissions are largely unknown due to the lack of adequate
measurement techniques to map the flooding, as even with
cloud-free optical data, the extent of water below the tree canopy
cannot be seen.

Thanks to the unique long wavelength used by the ALOS
PALSAR, it can penetrate and “see through” the evergreen forest
coverage and detect the extent of forest inundation over large
regions.

With the use of wide-swath PALSAR ScanSAR data
acquired during every satellite cycle (46 days) over the Congo
River Basin, it is for the first time possible to map the extent
and duration of forest inundation with high spatial and temporal
detail. The PALSAR time-series shows a 120,000 km? part of
the river basin, around the confluence of the Congo and Ubangi
Rivers, acquired during one year in 2007/2008. The colour
image shows a flood duration map for the main flood season
between July 2007 and March 2008, indicating the number of
days an area has been flooded during the period. Applying this
technique to the entire Congo River Basin will allow estimation
of the basin's total emissions for the first time ever.
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Figure 1: River height variations
during one year in the Congo River.
Note the characteristic two peaks of
high waters of the river every year.
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Figure 2: (Left) ALOS PALSAR time-series during one year (July 2007-July 2008). Forests appear
bright in the images when flooded. (Right) Flood duration map over the central Congo River Basin for
the period July 2007-March 2008, derived from ALOS PALSAR.
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% This research was undertaken
within the framework of the
ALOS Kyoto & Carbon Initiative
by Richard Lucas, Aberystwyth
University (Wales, UK)

ABED—IIE JAXA RE K
X BHAFEOREHTIERIN
FUrco

EE#&(E Richard Lucas ( 7\U
AR ARZAKRZ, "RE, Y1—I)LX)

Structural mapping of Australian mangroves

Contributed by: Richard Lucas, Aberystwyth University (Wales/U.K.)

Mangroves throughout the tropics and subtropics are
responding to both natural and human-induced (anthropogenic)
changes. In northern Australia, increases in rainfall and
fluctuating sea levels are contributing to both seaward and
landward extension of mangroves. Along the northeast coast
of South America, substantive changes in mangrove extent are
linked to erosion and accretion of sediments, including from the
Amazon River. In Southeast Asia, anthropogenic disturbance
of mangroves associated with activities such as logging and
aquaculture is a more significant contributor to change.

Whilst detecting changes in the extent of mangroves is
possible using optical remote sensing data, persistent cloud cover
in many tropical regions limits such observations. However,
because microwaves can penetrate cloud cover, such changes can
be detected on an annual basis or better using ALOS PALSAR
data, thereby providing opportunities for routine monitoring of
mangroves over the entire tropical zone.

The long wavelength and multi-polarisation capacity of
the PALSAR data also facilitates the retrieval of information
on the biomass and structure of mangroves, particularly when
combined with optical data and digital elevation information
such as that obtained by the Shuttle Radar Topographic Mission
(SRTM). An example classification of mangroves surrounding
Hinchenbrook Island in Queensland, Australia, is given in
Figure 1, whilst Figure 2 shows how these data can be used for
detecting change in mangroves extent.
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Figure 2: Gulf of Carpentaria (Queensland, Australia). Seaward extension of mangroves (yellow
colour along the coast line) observed using ALOS PALSAR data.
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Figure 1: Hinchinbrook Island National Park (Queensland, Australia). Map of three biomass classes of
mangrove obtained using a combination of ALOS PALSAR, Landsat and SRTM elevation data. Areas
in red indicate mangroves with aerial root systems.
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Monitoring of mangrove swamp
clearings and regrowth
Contributed by: Ake Rosenqvist, soloEO (Stockholm, Sweden)

Mangroves serve as natural protective buffer zones between
land and water, and play a key role in supporting the coastal
ecosystems and local fisheries. They provide habitat and shelter
for many fish and crustaceans species, and produce organic
matter that feed aquatic life in the waters outside the mangroves.
Mangroves worldwide are however under severe threat and
the areas are declining rapidly, and updated information about
where changes have occurred, when they occurred, and the area
affected, is crucial to stop and reverse these destructive trends.

Multi-temporal ALOS PALSAR “false colour” images
provide a simple but effective means for mapping both logging
and regrowth, giving a clear indication of both the temporal and
spatial characteristics of the changes. The figures show multi-
temporal views of the Matang Mangrove Forest Reserve in
Perak, West Malaysia. The reserve is used as a production forest
and is logged at regular intervals, with regrowth occurring in
between. Figure 1 shows a 4-year multi-temporal false colour
change image derived from ALOS PALSAR data between 2006
and 2010. Forest areas which have not changed in the time
period between 2006 and 2010, appear in shades of grey, while
areas where changes have occurred appear in colour, depending
on when the change occurred, and the type of change. The red
areas indicate mangrove clearings undertaken between 2006 and
2008, while yellow shows areas cleared between 2008 and 2010.
Blue signifies areas where the mangrove forest is regenerating.

Figure 2 illustrates the ALOS PALSAR capacity for rapid
detection of changes, and even small such, showing the on-
going activities in the forest reserve during the period between
December 2009 and March 2010. Red indicates logging between
December and January, and yellow logging between January and
March, 2010. Mangrove areas logged before December 2009
appear bright in the colour composite image.
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Figure 1: Matang Mangrove Forest Reserve in Perak, Malaysia. ALOS PALSAR
composite from June 2006, October 2008 and March 2010. Mangrove forest logged
between the 2006 and 2010 satellite acquisitions appear in red and yellow, while
regrowth appears in blue.
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Figure 2: Mangrove clearings in Matang duing a 4.5-month period between December 5, 2009 and March
7,2010. ALOS PALSAR (R: Mar. 2010, G: Jan. 2010, B: Dec. 2009). Areas logged between Dec. 2009
and Jan. 2010 are visible in red, while yellow indicates clearings undertaken during the first two months of
2010. ©JAXA/METI
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Wetland extent, inundation patterns and
vegetation change in the Greater Mekong Basin
Contributed by:Anthony Milne and Ian Tapley, Horizon Geoscience Ltd.

Determining the spatial pattern of vegetation classes in
freshwater wetlands and the associated sequence of floodplain
draining and drying that accompanies flood events is an
important first step in assessing the hydrologic, geomorphic and
ecological processes operating in flooded ecosystems. It is also a
necessary pre-requisite to the formulation of management plans
relating to the sustainable use, conservation and rehabilitation of
such environments.

The figures show the effects of seasonal changes in water
level in the Tonle Sap Great Lake in Cambodia, as viewed
by ALOS PALSAR. The two images in figure 1, which were
acquired during different seasons illustrate the effect of flooding
around the lake. The left image was acquired during the wet
season (Nov. 2006) when submerged vegetation shows up as
dark areas around the lake. During the subsequent dry season,
depicted in the right image (March 2007) the water level in the
lake was lower and non-flooded vegetation shows up as grey.
Figure 2 illustrates the usefulness of multi-temporal datasets in
determining land cover and the pattern of floodwater recession.
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1. Submerged forest within Prek Toal Biosphere Reserve 1.
2. Flooded forest and shrub 2
3. Macrophytes 3. KEUREREY

4. Constrained surface water beneath shrub 4. ERDTOATKE

5. Permanent areas of open water and grasslamds 5. BEo TV SRR LTt
6. Surface water drainage 6. HIEFRKDHEK

7. Irrigated rice-fields 7. #EgH

8. Villages along roads 8. EBlTAofcEE

Figure 1: Tonle Sap Lake, Cambodia. ALOS PALSAR wide-swath ScanSAR data acquired during the wet (left: November
2006) and dry (right: March 2007) seasons. The white rectangle indicates the location of figure 2.
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Figure 2: Three-date colour composite image of the Prek Toal Nature Reserve, in the northwestern part of Tonle Sap Great
Lake, Cambodia, and corresponding aerial photographs of typical land cover types in the area. The colour and hues in the
PALSAR composite are in response to changing backscatter conditions that occur as a result of falling water levels and crop
phenology.
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Mapping of peat swamp forests in Indonesia

Contributed by: Dirk Hoekman (Wageningen University) and Marcela
Quinones and Martin Vissers (SarVision), The Netherlands

About two thirds of the tropical peat swamp forests in the
world can be found on the islands of Sumatra, Borneo and New
Guinea. Peat swamp forests are perennial moist ecosystems,
which support a wide range of endemic vegetation types and
endangered animal species, including the Sumatran tiger and the
Orangutan. With trees up to 30m and a peat layer that can reach
some 20m of depth, the swamps contain several times more
carbon than even the most dense rain forest.

The peat swamps in South-East Asia are under severe
threat from human development, in paticular from logging, rice
cultivation and conversion into tree plantations, mainly oil palm
and Acacia. The water is drained from the swamps through the
construction of canals, which often lead to that the peat dries out
and catches fire.

The current loss of peat swamp forest causes enormous
emissions of CO, at the global level and there is therefore an
urgent demand for inventory and physical characterization
of peat swamps in support of hydrological modeling and
management, and subsequently protection and restoration.

ALOS PALSAR has proven particularly useful for
improving information related to flooded cover types and
biomass levels, as maps based on PALSAR data provide better
accuracy and detail than the best available maps based on
visual interpretation of optical satellite imagery. Results are
used operationally by local governments and non-governmental
organisations in Indonesia for spatial planning of sustainable
peatland management strategies.
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Figure 1: PALSAR colour composite image of South Kalimantan, Indonesia. Region of
major conversion of peat swamp forest to rice cultivation. Canals built to drain water from
the swamps are visible as blue linear features.
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Figure 2: Map derived from PALSAR ScanSAR time-series showing flooding frequency in 2007.
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Mapping Rice Agro-Ecological Conditions
to Track Avian Influenza

Contributed by: William Salas, Applied Geosolutions LLC (Durham, NH,
USA)

Highly Pathogenic Avian Influenza H5NI1 ("bird flu")
virus emerged in China in the late 1990s, but the first large-
scale epidemic took place in the winter of 2003-04 in East and
Southeast Asia. Indonesia reported the first avian influenza
outbreaks in its territory in 2004. Since then, outbreaks occurred
over large portion of the country, and the disease seems to be
persistent and endemic on the islands of Java, Bali and Sumatra.
For cost-effective in surveillance, risk reduction and response,
it is important to identify “hot-spots” (location-varying risk)
and “hot-times” (time-varying risk) for possible outbreaks of the
influenza. Prediction of these hot-spots and hot-times depends
on our understanding of ecology and epidemiology of the HSNI
virus (Figure 1).

Improved information about rice paddy cultivation cycles
and timing of crops is helping scientists to improve public health
strategies. ALOS PALSAR and MODIS satellite images are
being integrated to understand and forecast Avian Influenza
events. Epidemic outbreaks are highest during periods of
interaction between people, domestic poultry, and migratory
waterfowl. Rice paddies are thus a hot spot of activity for
potential disease transmissions. Multi-temporal PALSAR
images are used to map rice paddy locations (Figures 2 and 3),
crop calendars, and crop cycles to examine when and where
events are most likely to occur. In conjunction with mapping,
health data and waterfowl tracking is linked to model bird flu
dynamics.
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Figure 1: Ecology and epideminology of Highly Pathogenic Avian Influenza H5N1 (AIV)
in a nature-human system. (Figure by X. Xiao)
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Figure 2: Rice agriculture dynamics in Java,
Indonesia, from three ALOS PALSAR ScanSAR
scenes (Red: 12/30/2008, Green: 02/14/2009,
Blue: 05/17/2009). Green, red and purple areas
are rice fields with different cultivation dates.
Areas of aquaculture (fish and shrimp ponds) are
also visible along the coast (dark areas with low
SAR backscatter).
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Figure 3: Java, Indonesia. Top: PALSAR ScanSAR multi-
temporal mosaic. White box indicates location of figure 2.
Bottom: Extent of rice paddy cultivation, derived from the
ScanSAR mosaic.
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Mapping and Monitoring Rice Agriculture
with ALOS ScanSAR Imagery

Contributed by: William Salas, Applied Geosolutions, LLC (Durham, NH,
USA)

Rice is an important crop globally that influences regional
economies and global trade, migratory waterfowl, nutrition and
food security, and the Earth system. Rice is a major food crop in
Asia where approximately 130 million hectares are planted each
year, with the majority of rice production from flooded paddy
fields.

ALOS PALSAR is being used to generate a suite of
information products that monitor rice agriculture across
Southeast Asia and China. The rice monitoring system based on
PALSAR and MODIS imagery provides useful information on
rice area, rice yields or total crop harvest, flood dynamics and
waterfowl habitat, and the number of crops per year for paddies.
The information is used by governments, farmers, scientists,
and decision-makers involved with food security, land use
planning, disease ecology, and climate change. Satellite images
are collected over time to update the system and generate up-
to-date rice information products for scientists. Multi-temporal
PALSAR images are quite effective for mapping rice. Figure 1
is a false color composite of three PALSAR ScanSAR images
showing the Poyang Lake region in Province, China. Rice areas
are visible in red colors due to the higher backscatter in August
(mature rice plants) than in April in May when the fields are
being flooded and rice is transplanted.
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Figure 1: Poyang Lake region, Jiangxi Province, China, is the largest freshwater lake in
China. Multi-temporal 2007 ScanSAR data (Red: August 29, Green: May 29, Blue: April
13 ) highlights rice paddies (red), wetland/water (black-green) of the lake, and urban land
uses (white) in the region.
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Figure 2: Left: Rice (red) classification for the Poyang Lake watershed using multitemporal ALOS
PALSAR ScanSAR and Landsat water mask. Right: Map of rice cropping intensity (# of crops) and rice
paddy hydroperiod for Poyang lake watershed (right). Approximately 85% of rice paddies were identified
with two distinct inundated periods indicating double crop paddies.
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Assessing climate change and greenhouse
gas emissions from rice crops.

Contributed by: William Salas, Applied Geosolutions, LLC (Durham, NH,
USA)

Recent government regulations and international frameworks
are emphasizing the need to assess greenhouse gas (GHQG)
emissions from agricultural sectors to address climate change.
Rice agriculture is one sector that is of importance due to rice
paddy biogeochemistry and potential to optimize sequestration
opportunities through farm managements. Rice agriculture
occupies more than 11% of global cropland and generates upwards
of 20% of global methane emissions. Several studies have
shown that irrigation management can significantly influence
rice paddy emissions. To comply with new regulations, identify
opportunities, and address climate change the rice industry needs
improved operational monitoring tools to systematically assess the
role of rice paddy irrigation management on GHG emissions.

ALOS PALSAR has advanced our understanding of
how human activities impact the climate and how agricultural
management decisions influence greenhouse gas emissions. The
data has enabled accurate monitoring of rice paddy growth and
water management cycles over large regions. In this example, 95%
of the rice grown in California, USA was observed using ALOS
PALSAR images throughout the year (Figure 1). These PALSAR
images help scientists map rice paddy extent, characterize rice
biomass growth, and record paddy flooding cycles (Figure 2),
and are subsequently used as input to a biogeochemical model
to quantify the amount and spatial patterns of nitrous oxide and
methane emissions (Figure 3). The results help scientists and
farmers understand the important role that rice management
decisions play in changing our climate.
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Figure 1: PALSAR dual-
polarisation image (Red:hh,
Green: hv, and Blue HH-
HV) of rice fields in
California, USA.
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Figure 3: PALSAR imagery
was used to map rice
paddies and flood cycles
to model the amount of
greenhouse gases (GHG)
and understand how
humans influence climate
changes. Bluish colors
show locations of high
methane emissions, while
red rice fields have lower
methane emissions.
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Figure 2: Map of rice paddies and rice paddy hydroperiod generated from ALOS PALSAR FBS/D (HH: 12.5m) and
ScanSAR WBI (HH:100m), respectively. In this example approximately 75,000 hectares of rice paddies were cultivated
in the rice growing season of 2007 in the Sacramento Valley, California, USA. Of these, approximately half (47%) were
identified as flooded only during the December temporal window.
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Mapping wetland ecosystems across Alaska

Contributed by: Kyle McDonald (Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, USA)

Wetlands play an important role in the global cycling of
carbon and water. Wetland ecosystems are important to the
exchange of greenhouse gases between the land and atmosphere
and can vary between being a source or a sink of atmospheric
carbon in response to climate change and anthropogenic
influences. Wetlands are also important to biodiversity and
water resource management. Despite their importance, the
extent and dynamics of wetlands are not accurately known
largely because of the difficulty associated with identifying
and mapping wetlands in remote areas. Japan's L-band radar
satellites (JERS-1 and ALOS) provide unique capabilities for
mapping and monitoring wetlands, enabling the large-area
coverage needed to characterize these important ecosystems.
Data from both satellites have been used to identify, map and
characterize wetland ecosystems world-wide.

The figure shows a map of wetlands over the entire state
of Alaska derived from 100 m resolution JERS-1 mosaic data.
A novel approach was applied to map the broad landscape,
utilizing both radar data and ground measurements for
developing the classification and validation scheme. With
an aggregated accuracy of 89.5% relative to ground survey
data, this is the first Alaska-wide map of wetlands developed
from a single contiguous data source. It provides key
information needed for regional- to continental-scale studies of
biogeochemistry, hydrology, plant and animal biodiversity, water
resource management, and long-term sustainability of wetland
ecosystems in Alaska.
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Figure 1: Wetlands map of Alaska derived from JERS-1 SAR mosaic. Original resolution 100 metres. As many as nine distinct wetlands vegetation classes are identified in this map.
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Estimates of lake size distribution and carbon
burial across the Canadian landscape

Contributed by: Kevin Telmer (University of Victoria, Canada)

Carbon accumulation in lake sediments has long been
recognized as an important component of the global carbon
cycle, and in the Canadian boreal region alone, it could account
for as much 13.4 Mt of CO, equivalent per 100,000 km’ per year.

Of the many parameters which influence carbon
accumulation rates, lake size has been identified as a simple
predictor of carbon burial rates in lake sediments. Accurate and
reliable lake census data is therefore a fundamental first step in
extrapolating carbon accumulation rates to regional and global
scales. In Canada, the CanVec hydrographic dataset (produced
by Natural Resources Canada) constitutes one of the most
comprehensive datasets available. It demonstrates very good
spatial accuracy while however its temporal resolution is limited;
especially in remote areas and can span up to 50 years or more.
The majority of available hydrographic datasets are generally
limited in either spatial or temporal resolution, or both.

ALOS PALSAR provides a unique opportunity to construct
a global lake database with high spatial resolution and within
the period of one season during a single year. One of the
inherent benefits of such PALSAR is its capacity to detect water
bodies. L-band radar can penetrate through sparse vegetation
while also being less sensitive to water surface roughness. This
makes it ideal for differentiating water from land under variable
conditions.
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Figure 1: Northwest Territories (NWT),
Canada. Left: ALOS PALSAR data showing
one of the ecozone test sites used to test
the lake classification for a Canada wide
assessment of lakes. The ecozones (boreal,
southern arctic, and northern arctic) were used
to scale carbon accumulation rates before they
were applied to the PALSAR dataset. Top
right: lakes derived from ALOS PALSAR.
Bottom right: the corresponding CanVec
reference data base.
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Mapping of sub-surface geology in Sahara to
support water prospecting

Contributed by: Philippe Paillou, Observatoire de Bordeaux, France

The access to freshwater resources is a crucial problem for
future generations, in particular in arid regions such as North
Africa. Typical water prospecting schemes start from existing
geological maps, in order to define further fieldwork exploration.
However, in remote areas such as central Sahara, such detailed
geological map do not exist, and aeolian deposits (sand) hide
most of the important geological information.

In arid conditions, microwave signals can penetrate the dry
sand layer and provide information about sub-surface geological
features hidden to the naked eye. The longer the wavelength,
the deeper the penetration. The long L-band wavelength of
ALOS PALSAR is particularly suitable and allows probing the
subsurface down to several meters.

To facilitate mapping of sub-surface geology over sub-
continental scales, an ALOS PALSAR mosaic covering the
entire north Africa and Arabian peninsula was generated. A first
major discovery using this unique data set was a major 1200-km
long ancient river (called paleo-river) in Libya, that in the past
used to connect the Kufrah basin in southeastern Libya with
the Mediterranean coast. The discovery of the so-called Kufrah
River, which is comparable in length with the Egyptian Nile,
has important implications for the understanding of the past
environments and climates of northern Africa and for present
prospecting of ground water resources in the region.

The PALSAR mosaic has also enabled the discovery of a
large number of previously unknown impact craters in Egypt,
Sudan and Libya.
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Figure 1: ALOS PALSAR mosaic, covering Sahara and Arabian peninsula at 50m resolution (17°N — 37°N and 17°W — 60°E)
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Figure 2: The Kufrah
paleo-river (in blue) in
Libya mapped onto SRTM
topography (top) and
PALSAR mosaic (bottom).

2 kK IEFSRTM(Y v
MULLU—FHEZ v 3
V)Y ERDIRTHE D T
S—=I)UA I (F) al&
PALSAR OEY 4 ZE1R

Figure 3: A 1°x1° PALSAR
map with potential paleo-
river networks overlaid.
Part of a radar atlas of
Sahara showing sub-surface
geology.
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Figure 4: LANDSAT 7
ETM+ image of the Arkenu
double impact crater (top)
and corresponding PALSAR
radar image (bottom) at a
resolution of 50m.
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