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Subarctic Peatland Under Threat *!!! '
Wapusk National Park

“- | Climate Change effect:
% Bogs transformed to Fen

=> Affect polar bear denning
habitat which is entirely within bogs
with thick peat deposits

| = ALOS => Peatland monitoring




@ Why Polarimetric SAR for Subarctic wetland
. monitoring?

?

m HH-Radarsat-1 of Limited Capability for vegetation-
type discrimination

» Radarsat-1 combined with clear-sky-dependent Landsat
for wetland classification

= Radarsat/Landsat approach not suitable for wetland
monitoring

w- Polarimetric SAR = Scattering mechanisms and target
structure => Enhanced vegetation discrimination

» Touzi decomposition using polarimetric C-band
Convair SAR:
» Enhanced wetland classification

» Scattering phase sensitive to peatland subsurface water
flow = discrimination of poor fen and bogs

wm Cost effective => ALOS, Radarsat2, TerraSAR
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Orientation angle introduced by Cloude and
Pottier,

Symmetric scattering type introduced in this
paper as a complex entity.

Symmetric scattering type magnitude.

Touzi Decomposition for
High Resolution

Absireci—Wetlands continie to be under threat, and there Is
a major nesl for mapping and moniioring wetlands far better

manarsmant_and_nretantian of thos sameifive oress inly o faw

Characterization of Wetland

Abstract—The Kennaugh-Huynen scattering matrix con- 3
diagonalization is projected into the Pauli bask to derive a new
scattering vector model for the representation of coherent target ¢
scattering. This model permits a polarization basis invariant rep- :
resentation of coherent target scattering in terms of five indepen-
dent target parameters, the magnitude and phase of the simms bric (s
scattering type introduced in this paper, and the maxin
ization parameters (erientation, helicity, and maximu
The new scattering vector model served for the ass
the Cloude-Pottier incoherent target decomposition, W
Cloude-Pottier scattering type o and entropy H are
ant, 3 and the so-called target-phase parameters do def
target ordentation angle for asymmetric scattering, The
vector model is then used as the basis for the devel
new coherent and incoherent target decompositions i
unique and roll-invariant target parameters. It is show
the phase and magnitude of the symmetric scattering ¢
be used for an unambiguous description of symme
scattering. Target helicity is required for the assessi
symmetry-asymmetry nature of target scattering. The
scattering type phase is shown to be very promising f
classification in particular, using polarimetric Conval
thetic aperture radar data collected over the Ramsar
wetland site to the east of Ottawa, ON, Canada.
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Wetland characterization using polarimetric
RADARSAT-2 capability

R. Touzl, A. Deschamps, and G. Rothar

Almlruch The nsz of single-polirization (HH) RADARSAT- | syathetc apamure radar (SAR) dota hay bezn shown io be
Imporiant for welland waler xtenl characisrization. Howsever, the himiled capability of the RADARSAT-1 single-
polarization C-band SAR in tion dype discrd tion makes the we of clear-sky-depandent visible rear-indrensd
(VMIR) satellite iy hecewary for wetlind mapping. [ this papsr, the poieatial of polaimeici: RADARZAT-2 dats for
welland charactereation s lnvestigaied. The Touri incohermt decomposition is applisd for the rolliavanmt decomposilion
of watlind scaitering. In conirasi with the Cloud=—Foiiler decomposition that charscierizes iuget scaterng type wiih a ezl
ey, o, Che Touzl decomponition uses o comples sality, e symmeir scotarng iy pe, for unambigaous charscizrizaion of
wailond fargei scotbarng. It ds shown that, ke the Clouds o soatiscing type, the magnimds o of the symmeiric soatiecing o
ol effectiee for vegetalion type duciminadon. The phace &, of the symmeiric scatberng 1ype his io be used for beiter
charcizrization of wetlind vegrllion spacies The wniqus mformalion provided by &, for an improved welland clms
discrimination is demonsirizd using Comale-550 polarimeirks C-band AR dats collscted over it Mar Blens weilmd in
the east of Oilorwa, Canada. The e of &, makes possible the discriminalion of shrb bog from sedae Ten and even penmit
the discrimnacion. beiwesn conifer-dominaizd iresd bog md upland deciduom foresl onder kafy conditions.

Retsumi. L'uiilisaion des donndes radar 3 syathie ' oweerinee (REO) de RADARSAT-1 en polarisalion unique (HH) o ddja
Fail ses preuves pour |o caracgnsation de 'diendoe d'ean en milizu amide, Cependanl, 12 capacicd limikde do RS0 en
bande C dz RADARIAT- 1 20 polarkaiion snigue por la Eiemination d=s fypes d= végémiion rd ndeevsaire ol Teation
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Phase of Target Scattering for Wetland

Characterization Using Polarimetric
C-Band SAR

Ridha Touzi, Member [EEE, Alice Deschamps, and G. Rother

I INTRODUCTION

ADAR polarimetry. which has been an active area of

re than 50 years [2]-[6], has started
recent launch of polarimetric satellite
lars (SARs), namely, L-band ALOS-
lerraS AR [8], and, most recently, C-band
\DARSAT-2 is the first satellite that will
| use of polarimefric information at mul-
at 9-m (fine-mode) and 24-m (standard-
iis should permit o deeper exploration
iation and enhanced extraction of target
neters. The Canada Centre for Remote
been imvestigating C-band polarimetric
more than 20 years using the Comvair-
metric capability was added in 1988 [10].
nt of the RADARSAT-2 project in 1998,
itigating key applications that promote
TI-2 fully polarimetric capabilities. Ship
iom [L1]. [12]. agricultural crop chamc-
rest-type classification [14] were shown
ppplications that can benefit greatly from
Rz Recently, o preliminary study using
spring data acquisition over Mer Bleue
tric C-band SAR could be promising for
on [15]. This investigation has continoed.
etric data collected in the fall season per-
Hemonstration of the promising potential
zation and for detection of their seasonal
hlts will be presented in this paper.
wirather capabilities and sensitivity o
haracteristics, RADARSAT-1 has been
ary data source for characterization of
6}-[18]. Unfortunately. the limited ca-
AT-1"s single-polarization C-band SAR
crimination makes the use of clearsky-
I-infrared satellite data necessary for wet-
T1. [19]. [20]. Recently, we have shown
pformation significantly improves the po-
for forest-type discrimination [ 14]. The
IARSAT-2's polarimefric and all-weather
vide unigue information for operational
manitorng.
e been published on the investigation of
wiztland class characterization [21[25].
| have shown that the phase difference

e ctines apey
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Dominant scattering Type Phase @,
for Wetland Classification

B Shrub Bog
‘"1 Marsh

5028000

[ StrunDog
M TreedBog
2] Hargwood

462000 484000

Color aerial photographs(2002) overlaid with a wetland classification based
on the NCC the forest cover inventory. (I)asl (‘]une 95)

w- Scattering Type Phase @, Discriminates bog from fen
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Touzi phase sensitive to
peatland subsurface water Flow

October 1995

» Sedge-dominated fens and shrub-bog well separated
» Treed bog: Larch seasonal needle loss detected
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Scattering Phase Sensitivity to
Subsurface Water Flow

» Two sublayers: Acrotelm (high hydraulic conductivity) and
Catotelm (low hydraulic conductivity)

» Fen: water level 20 cm below the peat surface
» Bog: water level 50 cm below the peat surface

m Radiometry (HH, VV, VH, Cloude a) not sensitive to
subsurface water

w (. detects fen run-off water

Ressources naturalies
Canada

Matural Resourcas
Canada




Canada Centre for Remote Sensing « Earth Sciences Sector

Fin

July08 (dry conditions) Oct 27, 08 (wet conditions)
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1 a5 1] 1 Kilometars. 1 us u 1 Kilormelers

w- Scattering Phase Not Sensitive to peatland subsurface water flow
Seasonal changes
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L-Band PALSAR for Wetland Characterization
Lac Saint Pierre (Canada)

Peatland

JAXA [ JAROS (J)

PALSAR, Nov. 10, 2007 PALSAR, May 13, 2007
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Shrub Bog

IR D

Peat Thinkness larger than 3m
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Freeman Coarse Scattering Classification
not sensitive to water flow variations
beneath the peat surface

R:-DOUBLE Sl
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w o (Cloude o) not sensitive to water flow
variations beneath the peat surface
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! - Touzi phase detects water flow variations beneath
the peat surface

> Pink = subsurface
water (less then 20
cm)

= Fen: subsurface run
off water

» Bleue = deep
underground water

» Bog: water level at the
catotelm (40-50 cm)

m- ESssential information for
monitoring Bog-Fen
Transformations in the North
due to climate change stress
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C-band-Radarsat2 not sensitive to peatland subsurface water
flow (C-band + HV S/N not sufficiently low)

Matural Besources  Bessources naturelies C d
Canada Canada ;m_la a



of peatland subsurface water flow
wm- Bog-fen transformations

~ | Climate Change effect:

- * Bogs transformed to Fen
» Affect polar bear denning habitat
which is entirely within bogs with
thick peat deposits
» Polar Bear under threat

!i -/ Polarimetric L-band PALSAR for Monitoring

* = Alos => Bog & Fen monitoring

P e
- *_*-I—".._ (—
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] RADARSAT-2 - Polarimetric
ALOS - Polarimetric

[ ALos-Dual

o

Nunavut

Fletcher
I ’ Lake

HUDSON BAY

[ 1 = Sphagrum Larch Fen
[]2 = Sedge Rich Fen

M = = Willow Birch Shrub

[ 4 = Sedge Larch Fen

[ 5 = Sphagrum Spruce Bog
[C1& = Graminaid Salt Marsh
Il 7 = Lichen Spruce Bog

[ & = Sedge Bulrush poor Fen
[ 9 = Lichen Melt Pond Bog
[110 = Lichen Peat Plateau
[111 = Dryas Heath Upland
[ 12 = Regenerating Burn
M 15 = Recent Burn

M 14 = Unvegetated Ridge
M 15 = Unveqgetated Shoreline

I 16 = Water
J
Y AR
[] Hudson Bay Lowlands
- Wapusk National Park 0 05 1 2
— . o e Kilometers
Churchill Wildlife Management Area r

Natural Resources Ressources Naturelles
* Canada Canada



: |
Subsurface Water Flow Change Jun 8: Active layer 13 cm

Sedge bulrush Fen & Jul 24: Active layer 27 cm

..
501000 i‘VTa-h-H___m‘

- Sphagnum larch fen

; - Sedge rich fen

* I Wilow birch shrub fen

- Sedge larch fen

- Sphagnum spruce bog

:I Salt marsh

- Lichen spruce bog

i - Sedge bulrush fen -
E:I Lichen melt pond bog —lp
:‘ Lichen peat plateau bog
:] Upland

: Regenerating burn

— iy Sedge bulrush Fen

Hl - Unvegetated shoreline

L




w TOuzl scattering Phase Detects Subsurface Water Flow Change
Sedge bulrush Fen &

’ w
ol
. [ awon0 DA SN s —
- L] »
= -
o . :

b o - Sphagnum larch fen

& 5- Sedge rich fen
=1 I witow birch shrub fen

e e - Sedge larch fen

e ": - Sphagnum spruce bog
': | :l Salt marsh

2 - Lichen spruce bog

.: lE- Sedge bulrush fen

a4 E:I Lichen meit pond bog

s i :] Lichen peat plateau bog

:I Upland

[7 : Regenerating burn

— Sedge bulrush Fen

= §- Unvegetated ridge
B i E- Unvegetated shoreline

July 24, 2010: Active layer 30cm

6345000

£ £



Validated July 6, 2012
Litchen melt pond bog

> No water under
peat bog surface

» Active layer
mecses (20cm)
e o

Hessources naturalies

Canada Canada
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>

» Water 13 cm
under peat fen
surface

» Active layer
thickness (20cm)
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)S Touzi Decomposition- Phis1 (Jun. 2010)
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Investigation of Polarimetric ALOS and RS2
for peatland monitoring in
the Athabasca Oil Sands Region

90-1140

190-1130

FQ20W \
Path 195 : s

L. FQ21W  FQ20W i

Site3 T Site6

190-1100

|:| Site of inferest

Fieldwork sampling location
e Hyperspectral flyover
(Photos only)

-~ wees nat
| 50km

540-2510 I



Landsat Classification| Wetland Inventory

Graminoid Wetlands - Open Treed bog with internal lawns

- Shrubby Wetlands - Open treed Fen with no internal lawns

- Black Spruce Bog - Open fen with shrub cover

I Ciosed White Spruce - Patterned shrub with shrub cover

- Closed Jack Pine Open treed bog with internal lawns with islands of foMgg

- Open treed Fen with internal lawns

|| Non classified

RS2_RGB (R:HH, G:HV, B:VV) ALOS_RGB (R:HH, G:HV, B:VV) D



Complementarity with the X-band
High resolution TerraSAR (6.6mx1.18m)

RADARSAT-2

Matural Resourcas  Ressources naturalles C d
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Calibration of Polarimetric
TerraSAR

r Significant return at HV: -25dB X-talk should be removed

=» Touzi calibration method validated with ALOS and
Radarsat2 => IEEE TGRS 2009, and TGRS 2013
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i -
m‘ Conclusion

_’-I'

- Polarimetric L-band PALSAR very promising for
monitoring subarctic peatland & hydrology

w Touzi @, sensitive to the water flow underneath peat
» Peat thickness monitoring = polar bear habitat
» Monitoring of Bog-Fen transformation due to CC

» X-C-L band complementarities is being investigated
using polarimetric PALSAR and Radarsat?2 and
TerraSAR

- Peatand Classification using optic sensors (Landsat)
and polarimetric SAR for accurate peatland
classification and bog-fen transformation monitoring

= ALOS2 and Radarsat2: With Operational
polarimetric capabilities and large swath (50 km)

= Future L-band TerraSAR TDX with Digital Antenna
Beaming = 500 km swath

w- Future missions L, C, and P band with
Digital Antenna Beaming m large swath




