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CCRS Context

> Part of Natural Resources Canada

> Programs Driven by Canadian Issues
* Programs Specifically Related to Water
- Groundwater Mapping
- Enhancing Resilience in a Changing Climate

- Environment Geoscience
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Outline

» Active radar soil moisture

> Passive uwave soil moisture
» Data assimilation

» Permafrost




Groudwater Project:

_Recharge assessment using surface parameter maps

Land Cover

Leaf area
ndex (LAl

il

> Land Cover
Recharge
Model

> Leaf Area Index (LAI)

> Land Cover and LAI Time Series
> Soil Moisture Pattern
> Soil Water Sensitivity

> Specific Land Use Mapping

Climate Data [~ 5= %% —52 |
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Active Radar: SWCS & Soil Moisture

F. Charbonneau and M. Trudel




SAR vs Soil Surface

> SAR intensity function:
e Soil moisture (Mv)
* Surface roughness (RMS Height & correlation length)
* Vegetation cover
* Local slope

> Bare surface characterization
e Problem:

- 1 equation & 3 unknowns
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> Agriculture is dynamic,

e Jow stability on surface condition

e Multi-temporal and/or multi-incidence techniques are limited due to
man practice

* Hope contribution from Full-Quad

Apnl 10 Apnl 26 Mavid
Field1 | Pasture I
Field 2 F———— Ploughed F— Corn sonam —]
Field3 +— Ploughed —+——— Barley sovm I
Field 4 | Pastare |

Field 5 pb———— Ploughed
Fieldd p———— Ploughed Corn soemn —
Field 7 —— Ploughed Comm soam —|
Field & | Pasture |
Field? p———— Ploughed — Com sown —
Field 10 ———— Ploughed - Sovhean soam -

Cormn sonam —|
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Soil Water Content Sensitivity (SWCS)

Relative Change Detection

> The Target: Water content variation

>  Intensive Synthetic aperture radar (SAR) monitoring (Dual-Pol) e
20 420 E
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March April May
Advantages:

Tracking short time changes
Precautions

Multi-incident angle correction
Vegetation effect
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Normalised vegetation index
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Soil Water Content Sensitivity

Relative Index Water Content Sensitivity Map

B Faible [l Modérée [ Modérée - élevie [l Elevée [ Autre
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M, estimation at C-Band
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Scattering Mechanisms

Fully polarimetric info

g . Surface Scattering
. Volume Scattering
Couble-Bounce

-%_ Scattering
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Vegetation Impact

* Using Pre-Veg Roughness Estimation + M, measurements to observe vegetation impact

IEM RMS-L without vegetation IEM RMS-L without vegetation
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Volumetric & dihedrals
contributions reduced

IEM HH Exponential IEM VV Exponential
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Moisture Map C-Band

Land Cover

B Water B Urban M Not classified
M v S A R B Forested areas B Wetland

[ Crop land and low vegetation cover
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CATHY vs SAR: Soil Moisture
April 19, 2008
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CATHY vs SAR: Soil Moisture
_ May 30, 2008

Warning: Organic Soil

0.5
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Passive Microwave

A.P. Trishchenko and S. Wang
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[ —0o— NARR  soil moisture, 0-10cm
_' —v— AMSR-E, soil moisture, ~1 cm

. —2— NARR, total precipitation, kg/m’

Precips
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AMSR-E Soil Moisture Retrieval
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- AMSR-E: Vegetation Water Content
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Soil moisture from AMSR-E and NA Regional Reanalysis
% AMSR-E NA Regional Reanalysis

July 11-20 NARR, Mean Soil Moisture, 2007, July 11-20
¢ Bt

¥ b :

1) AMSR-E retrievals
underestimate NARR
soil moisture

2) AMSR-E is mostly

sensitive to ~ 1cm top

Fl | ) layer conditions and

. i$ i affected by vegetation
AL ot and roughness

0.0 0.1 Ju|y0§002 0.3 04 0.0 0.1 JulyOE 200f)3

AMSR-E, Level 3, Mean Soil Moisture, 2002, July 11-20 SR—E, Level 3, Mean Soil Moisture, 2007, July 11-20

3) NARR data are for
0-10cm top layer

satellite data
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EALCO: Ecological Assimilation of Land
and Climate

Shusen Wang
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EALCO: Ecological Assimilation of Land and
Climate

EALCO is lands surface model, and has 4 close cycles — energy, water, carbon and nitrogen.

Radiation Energy Carbon Nitrogen
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EALCO
Water Cycle Module
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Soil moisture at 35-85cm

Soil moisture
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LAI=1

1) Weak
correlation
between top layer
and deep layers

2) They are
essentially
decoupled during
drought conditions

3) AMSR-E and
C&X band systems
have limited
capabilities for SM
mapping due to

Canada



Permafrost — InSAR

N. Short, P. Budkewitsch and B. Brisco
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Current Permafrost Sites Under

‘ " Study (InSAR & Polarimetry)

Slidre
Fiord

Sites chosen to connect
with university and Parks
Canada partners.
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~ Massive ground ice locations
“=_at Herschel Island, Yukon Territory, Canada

o )
Beaufort sea Slump location

\) Land above 155 m

/7 Area underlain by
- ice-rich material

Avadlek
Spit

Bay

Ptarmigan
Bay

Catton
Point
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RADARSAT-1 Scene coherence
detected image Fine Beam (F1) 24-day

Budkewitsch, P., W.H. Pollard, F. Leduc, C. Omelon, E. Gauthier and K. Molch (2004) Monitoring Active Layer Processes and
Mapping Permafrost Degradation From SAR and High-resolution Satellite Data, In Proceedings of the Fifth Circumpolar
Ecosystems Conference and Workshop, Churchill, Manitoba, Canada, February 25-29 2004



Investigation of InSAR data
_ for mapping permafrost terrain

Beaufort sea

'
i

[l o
[l .

Herschel/island

" B -

/7 Area underlain by
*..* ice-rich material
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Aug19 - Oct04, 2007

Maximum subsidence on exposed
hilltops ~7cm.

Positive air temperatures until end of
September.

Rykhus & Lu, (2008) saw <10cm
thaw settlement July — end Sep.
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Air Temperature C
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Date
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Ground displacement from
ALOS - InSAR

Aug31-2007 Sep02-2008

T

46 days | 367 days

-1
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.. Old Crow Flats
k - uly 26 — September 10, 2007

Surface Displacement

Yellow = -2.5 cm

Green =-1.5cm

Turquoise = +/- 0.2 cm essentially ~0
Purple in centre of flats = +2.5 cm
Mountains, full fringe cycle = +11.8 cm

DEM error of 20 m - displacement error of 11cm

)N error o M AlisSDlacement error o ACIM
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CCRS Potential
Contributions to SMAP

> Radar soil moisture/vegetation modeling
> Support in field campaign

> Cross validation products from SAR/InSAR/Polarimetry
(Radarsat-2, ALOS, TerraSAR-X)

> Strong radar antenna calibration expertise
Integration of SMAP information into cryospheric
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