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Motivation for this work
Ice sheets are acknowledged by WMO and UNFCCC as Essential Climate Variable
(ECV) needed to make significant progress in the generation of global climate
products and derived information. The 2011 update for the GCOS Systematic
observation requirements for satellite- based data products for cllmate specifically
mentions the need to monitor the great ice sheets.

Background

As contribution to the International Polar Year (IPY,
2007-2009) the Space Task Group coordinated
large scale SAR data acquisitions in Antarctica and
Greenland. The campaign was a spectacular success -
and the science community responded by producing
continent wide ice velocity maps and related products.

Current situation
Post IPY: The Polar Space Task Group (PSTG) was established
to succeed STG and build on the IPY success.
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Key Question: Background
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Fig. 3. Intercomparison of mass balance estimates of the GriS, APIS, EAIS, WAIS, AlS, and the AIS plus
. GrlS, derived from the four independent geodetic techniques of RA (cyan), IOM (red), LA (green), and
Shepherd et al. Science (47 authors)  grayimetry (blue) over the period 2003 to 2008. Also shown is the reconciled result (gray).




Key ice sheet science issues include:
Surface elevation change (SEC)
Grounding line location (GLL)

Ice discharge
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Frequency Coverage
weekly/m Continuous monitoring of Weekly was added here_ 0
onthly” reflect the need for ongoing
acquisitions using every
available repeat. For missions
@ with 1 day interval multiple 1
day repeats in the grounding
annual Ice sheet wide coverage zone of glaciers would be an
asset.
“*The 3 year in recognition of
g' current fleet capabilities. More
_ _ left looking capabilities are
3 years™ Antarctica Pole Hole filled being brought online in the

future.
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Project outline and objectives

The main objective of our project is to generate ice sheet relevant
earth system data records (ESDR) based on ALOS-2. The
basic observation plan for ALOS-2 includes systematic INSAR
data acquisitions over the ice sheets in Antarctica and
Greenland. We propose to utilize a portion of these BOS
acquisitions to produce ice velocity and grounding line maps.

A secondary objective of our project is the documentation of the
Impact of CO2-induced warming on glacier retreat.

The ESDRs produced will contribute to a reduction of
uncertainties related to the climate system. They will also be
useful in developing strategies to prepare for the adverse
Impacts of climate change.
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Project milestones &
Data sharing

For each year we envision the production of the aforementioned
ESDRs.

After year 3, we will also assemble time series products that will
be published once the final year (year 4) data can be integrated.

Finally, we plan to integrate the ALOS based ESDRs with ESDRs
from other spaceborne SAR data to achieve an ice sheet wide,
post IPY reference map.

We will publish our findings in the scientific literature.

We do not collect ground truth data for this project but we will
share with JAXA all ice sheet ESDRs that were generated
using data from multiple SAR satellites




7 K&C Initiative
2 Andnternational science collaboration led by JAXA

Deliverables

1 Annual ice velocity maps over selected regions in Antarctica and
Greenland

1 Grounding line maps for selected regions in Antarctica where
data proves suitable to generate this information (delivery at
project end)

1 Ice front maps for selected ice shelves and glaciers in Antarctica
and Greenland

(1 Publications
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Velocity magnitude [m/yr]

MEaSUREs Antarctica

http://nsidc.org/data/measures/data_summaries

MEaSUREs Annual Antarctic Ice Velocity Maps 2005-2017, V1
http://nsidc.org/data/NSIDC-0720

MEaSUREs Antarctic Boundaries for IPY 2007-2009 from Satellite Radar, V2
http://nsidc.org/data/NSIDC-0709

MEaSUREs InSAR-Based Antarctica Ice Velocity Map, V2
http://nsidc.org/data/NSIDC-0484

MEaSUREs Antarctic Grounding Line from Differential Satellite Radar Interferometry, V2
http://nsidc.org/data/NSIDC-0498

MEaSUREs InSAR-Based Ice Velocity of the Amundsen Sea Embayment, Antarctica, V1
http://nsidc.org/data/NSIDC-0545

MEaSUREs InSAR-Based Ice Velocity Maps of Central Antarctica: 1997 and 2009, V1
http://nsidc.org/data/NSIDC-0525



http://nsidc.org/data/NSIDC-0720
http://nsidc.org/data/NSIDC-0720
http://nsidc.org/data/NSIDC-0720
http://nsidc.org/data/NSIDC-0709
http://nsidc.org/data/NSIDC-0709
http://nsidc.org/data/NSIDC-0709
http://nsidc.org/data/NSIDC-0484
http://nsidc.org/data/NSIDC-0484
http://nsidc.org/data/NSIDC-0484
http://nsidc.org/data/NSIDC-0498
http://nsidc.org/data/NSIDC-0498
http://nsidc.org/data/NSIDC-0498
http://nsidc.org/data/NSIDC-0545
http://nsidc.org/data/NSIDC-0545
http://nsidc.org/data/NSIDC-0545
http://nsidc.org/data/NSIDC-0525
http://nsidc.org/data/NSIDC-0525
http://nsidc.org/data/NSIDC-0525
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Antarctic Grounding Line
Product

MEaSUREs Antarctic Grounding Line from
Differential Satellite Radar Interferometry, V 2

Link
http://nsidc.org/data/NSIDC-0498/

Funding Program:
NASA MEaSUREs

Data Sources:

ERS-1, ERS-2, RADARSAT-1, RADARSAT-2, ENVISAT
ASAR, ALOS PALSAR, Copernicus SENTINEL-1, and
Cosmo-Skymed

The WMO Polar Space Task Group is gratefully
acknowledged for its role in coordinating data
acquisition plans.

Rignot et al 2011
Rignot et al. 2014
Lietal 2015
Scheuchl et al. 2016
Milillo et al 2017



http://nsidc.org/data/NSIDC-0498/
http://nsidc.org/data/NSIDC-0498/
http://nsidc.org/data/NSIDC-0498/

Antarcic Bnaries

Product
MEaSUREs Antarctic Boundaries for IPY 2007-
2009 from Satellite Radar, \ersion 2

Link
https://nsidc.org/data/nsidc-0709/

Funding Program:
NASA MEaSUREs

Data Sources:

ERS-1, ERS-2, RADARSAT-1, RADARSAT-2, ENVISAT
ASAR, ALOS PALSAR, Copernicus SENTINEL-1, and
Cosmo-Skymed

The WMO Polar Space Task Group is gratefully
acknowledged for its role in coordinating data
acquisition plans.

Rignot, E., S. S. Jacobs, J. Mouginot, and B. Scheuchl. 2013. Ice-shelf
melting around Antarctica, Science. 341. 266-270.
http://dx.doi.org/10.1126/science.1235798
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Improved flow direction in slow moving areas is the basis for
improved glacier basins, which are crucial for mass balance studies
IMBIE-2 basins + a refined version

Ice shelf mask (IPY, Rignot et al. 2013)

Coast line and grounding line (continuous product based on INSAR
GL and other available products)



https://nsidc.org/data/nsidc-0709/
https://nsidc.org/data/nsidc-0709/
https://nsidc.org/data/nsidc-0709/

Product
MEaSUREs INSAR-Based
Antarctica Ice Velocity Map V2 .

Link
https://nsidc.org/data/NSIDC-0484/

Funding Program:
NASA MEaSUREs

Continnt-W Ice elocity ap

[

Data Sources:

ERS-1, ERS-2, RADARSAT-1, RADARSAT-2, ENVISAT
ASAR, ALOS PALSAR, ALOS-2 PALSAR-2, Copernicus
SENTINEL-1, LANDSAT-8

The WMO Polar Space Task Group is gratefully
acknowledged for its role in coordinating data
acquisition plans.

Mouginot, J., Rignot, E., Scheuchl, B., Millan, R. 2017. Comprehensive
Annual Ice Sheet Velocity Mapping Using Landsat-8, Sentinel-1, and
RADARSAT-2 Data. Remote Sensing 9(4): Art. #364.

doi: http://dx.doi.org/10.3390/rs9040364
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https://nsidc.org/data/NSIDC-0484/
https://nsidc.org/data/NSIDC-0484/
https://nsidc.org/data/NSIDC-0484/
http://dx.doi.org/10.3390/rs9040364

Ann city Maps

Product
MEaSUREs Annual Ice Velocity Maps of
Antarctica.

Link
https://nsidc.org/data/NSIDC-0720/

Funding Program:
NASA MEaSUREs

Data Sources:

ERS-1, ERS-2, RADARSAT-1, RADARSAT-2, ENVISAT
ASAR, ALOS PALSAR, ALOS-2 PALSAR-2, Copernicus
SENTINEL-1, LANDSAT-8

The WMO Polar Space Task Group is gratefully
acknowledged for its role in coordinating data
acquisition plans.

Mouginot, J., Rignot, E., Scheuchl, B., Millan, R. 2017. Comprehensive
Annual Ice Sheet Velocity Mapping Using Landsat-8, Sentinel-1, and
RADARSAT-2 Data. Remote Sensing 9(4): Art. #364.

doi: http://dx.doi.org/10.3390/rs9040364
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https://nsidc.org/data/NSIDC-0720/
https://nsidc.org/data/NSIDC-0720/
https://nsidc.org/data/NSIDC-0720/
http://dx.doi.org/10.3390/rs9040364
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Ionosphere correctlon

Collaboration with Heming
Liao and Franz Meyer,
University of Alaska.

Ice Velocity(m/yr)

MEaSUREs Ice Velocity Reference
= InSAR Estimate:2007/10/14-2007/11/29
Un INSAR Estimate:2008/10/16-2008/12/01
= |[NSAR Estimate:2008/12/01-2009/01/16

InSAR Estimate:2009/10/19-2009/12/04
so0e H InSAR Estimate:2009/12/04-2010/01/19
ssoe INSAR Estimate:2010/12/07-2011/01/22
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Ice Velocity(m/yr)

= [NSAR Estimate:2007/10/14-2007/11/29
0 INSAR Estimate:2008/10/16-2008/12/01
INSAR Estimate:2008/12/01-2009/01/16

Liao, H., Meyer, F., Scheuchl, B., Mouginat, J., Rignot, E., (ROAH Ectiafe 0o/ 095006 Ao aR
INSAR Estimate:2009/12/04-2010/01/19 (b):With Ionosphere Correction =

Joughin, 1. (in revision). lonospheric Correction of INSAR Data 2 InSAR Extimate 2010/12/07-2011/0122

for Accurate Ice Velocity Measurement at Polar Regions f o I
600 1000 1200

Antarctic time series slant range ice velomty measuréHignts proflle analysis
without (top) and with ionospheric correction (bottom). Shown in gray is the
tracking-based reference ice velocity from MEaSUREs (Mouginot et al.,
2012, 2017; Rignot et al., 2011).
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Ionosphere correctl

Collaboration with Heming
Liao and Franz Meyer,

University of Alaska. - !ﬂ,{l | \ ;ﬂ”* Ml A
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~——— MEaSUREs Ice Velocity Reference
- |NSAR Estimate: Average Ice Velocity (Without lonosphere correction)
I InSAR Estimates Standard Error of Average(Without lonosphere correction)

2] InSAR Estimate: Ice Velocity (With lonosphere correction)
Liao. H. Meyer E.. Scheuchl. B. Mouginot J. Rignot E. I InSAR Estimate Standard Error(With lonosphere correction)
L | | | | |
Joughin, 1. (in revision). lonospheric Correction of INSAR Data 200 400 600 800 1000 1200
for Accurate Ice Velocity Measurement at Polar Regions Unit: (km)

Average ice velocity of non-ionosphere-corrected measurements and its
standard error (red line and shading) vs. the ionosphere-corrected ice velocity
and its standard error (blue line and shading). Shown in gray is the tracking-
based reference ice velocity from MEaSUREs.
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Canadian High Arctic Research Station (CHARS) 2018

Multi-frequency, polarimetric, scatterometer measurements of sea ice

Goal: collect time series polarimetric L- and C-band backscatter data for
first-year and multiyear sea ice types from wihter to summer. Sea ice is
landfast, enabling fundamental studies of seasonal signature evolution
without need for ice tracking.

Data:

April (winter): airborne survey of first-year and multiyear ice thickness
and roughness by EM-induction and laser scanner (baseline conditions).

April to June (winter to summer):

In situ collection of polarimetric L- and C-band scatterometer and ice
geophysical property data.

Coincident ALOS-2 and RADARSAT-2 SAR data.
Polarimetric RADARSAT-2 data provided by government of Canada.
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Arctic Research Station (CHARS) 2018

Multi-frequency, polarimetric, scatterometer measurements of sea ice

Canadian High

L-band
Specification C-band L-band
Centre frequency (GHz) 5.55 1.26
Bandwidth (GHz) 0.5 0.5
Antenna beam-width(° ) 5.4 14
Polarizations Fully-polarimetric (VV, HH, HV, VH)
Noise floor (dBm?) -36 -30
I|.1C|dence angloe range 21-75 (2) 15-80
(increments) (" ) (programmable)
Antenna height (m) 2.6 2.5
Range resolution (cm) 30 30

1.2m to ranges of
6m (1/2 far field
distance)

- First deployment of L-band scatterometer designed for low temperature
environment on sea ice adjacent to CHARS.

0.4mat17° to

Sampling footprint 2 6m at 81°




Canadian High Arctic Research Station (CHARS) 2018
Multi-frequency, polarimetric, scatterometer measurements of sea ice

Victoria Strait and M’Clintock Channel regions have been studied extensively since 2015.

Data collection has included Full Polarimetry RADARSAT-2 but limited Full Polarimetry
ALOS-2 to date.

Lancaster

BeaufortSea

* 4 mthick and 100 m wide

90°0°0"W

110°0'0"W 100°0°0"W
Haas, C., and S. E. L. Howell (2015), Ice thickness in the Northwest Passage, Geophys. Res. Lett., 42, 7673-7680,
doi:10.1002/2015GL065704.



http://dx.doi.org/10.1002/2015GL065704
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Conclusions

1 Ice Sheets as well as the arctic sea ice are undergoing
significant changes in response to a changing climate

] L-band INSAR data make a difference!

1 Ice sheet observations should be interferometric stripmap.
Prefer at least 3 consecutive cycles (more would be an asset —
Super Site consideration).

110 m HH/HV is the preferred mode

1 HH only would suffice (if this helps to ease downlink)

Bernd Scheuchl
Department of Earth System Science

Th an k YO u University of California, Irvine

Croul Hall, Irvine, CA 92697-3100
e-mail: bscheuch@uci.edu







Overview of Two Decades of Coordinated Satellite SAR Data Acquisitions over Polar Regions
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. AI 'I’hematic SAR data
B collection for
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vV

ar-SAR'Sensors TanDEM-X RADARSAT-1 RADARSAT-2 Sentinel-1 TerraSAR-X
7 Creenland'ice Greenland Greenland Greenland SkyMed Greenland ice  Greenland
velucitygef.ﬁl InSAR map InSAR, dB map |nSAR Greenland velocity [Ref.5] Outlet glaciers
PY, 20 (DLR 2011-13) (CSA, 2013) (CSA, 2014) (ASI, 2013/14) (ESA, 2015) (DLR, 2014-15

International Polar Year

2007 2008

RADARSAT-2 RADARSAT-2 ALOS PALSAR-2 SAR
Antarctica InSAR Antarctica InSAR Global mapping, incl.
(CSA, MDA, 2013) (CSA, MDA, 2014) polar regions (JAXA)

COSMO-
SkyMed
Antarctic
regions

(ASI,
2013-2016)

/ed from the working group members
‘he summary information presented here is not exhaustive.
and actual SAR data collections as of 2015. —— i
'www.wmo.int/pages/prog/sat/pstg-sarcwg_en.php
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Polar Space Task Group: http://www.wmo.int/pages/prog/sat/pstg_en.php
SAR Coordination Working Group: http://www.wmo.int/pages/prog/sat/pstg-sarcwg_en.php
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Presig Status ALOS PALSAR - Antarctica




