) NTI:i-AMERICAN CRYOSAT
SCIENCE MEETING AND GEODETIC
MISSIONS WORKSHOP

ESA’s ice Mission Exlorer. Seven years in fligh v

dedicated to monitoring Earth’s ice fields and bey

20—-24 March 2017 | Banff, Alberta, Canada

o

- N sl ==

,ﬂg oo \-\..n- ik .‘..

Euron an Sp ace Aguqv



An assessment of sea ice retrievals
from Fully-Focussed SAR altimetry

Tom Armitage!, Alejandro Egido?:3, Walter Smith2, Ron Kwok!

1Jet Propulsion Laboratory, California Institute of Technology
2NOAA Laboratory for Satellite Altimetry
3Cooperative Institute for Climate & Satellites-Maryland, Earth System Science Interdisciplinary Center, University of Maryland

JPL @&

Jet Propulsion Laboratory
California Institute of Technology

ATMOS,
QP“O PH&?/

k)
W

st

Laboratory for Satellite Altimetry
NOAA-NESDIS-STAR

“ N
4'?TMENT oF &©

Copyright 2017 California Institute of Technology. U.S. Government sponsorship acknowledged.

=
-




=
Z

—

®
2,
Q

=

3 NORTH-AMERICAN CRYOSAT SCIENCE MEETING &
AND GEODETIC MISSIONS WORKSHOP i

Talk structure

Brief recap of Alejandro and Walter’s work

Why is FFSAR data particularly interesting for sea ice retrievals?
Data: 26th March 2014

Freeboard processing methodology

Along-track freeboard processing results

Some statistics

No v R W=

Conclusions
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1. Recap 4 s
« FFSAR processing accounts for the phase evolution & 4
of scatterers, to perform an inter-burst coherent p iy
integration potentially during the entire 5
. . . . 8 2
illumination time of a scatterer on the surface 2 5 HH ° 5
8 8
« Can achieve along track resolution of ~50cm 4 : ** :
- Waveforms will tend to be sharper for flat surfaces Aong-TrackDstanc [ i o §
Across-Track PTR (a) % é
Multi-Looked Waveforms g 32: g §
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Figures: Egido & Smith (2017), “Fully Focused SAR Altimetry: o ’a"'(b)'”“*[m]
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2. Why is FFSAR mterestmg for sea ice retrievals?

« Radar altimeter sea ice thickness uncertainty
[Giles et al. (2007)]:

+ ~50% snow loading
« ~40% freeboard measurement error

 Freeboard measurement error contributions:
« Sea level interpolation

« Sea level sampling SI’]OW ?

* Noise — N
* Penetration

« FFSAR data has potential to reduce freeboard and Sea ice
sea level uncertainty over sea ice ?
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2. Why is FFSAR interesting for sea ice retrievals?
ESA Level-1b
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2. Why is FFSAR interesting for sea ice retrievals?
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2. Why is FFSAR interesting for sea ice retrievals?

FFSAR
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3. Data
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4. Methodology

+ Apply the exact same (fairly simple) along track "

sea ice processing to ESA Level-1b and FFSAR
data:
- Identify specular/diffuse waveforms * &
based on PP & leading edge width E - i .
* Apply simple threshold retracker =) .
- Remove reference surface :|q:) . __——— & *
+ Sea level interpolation based on ,//f/i//'l'
specular waveforms
* Freeboard = diffuse waveform elevation R
above interpolated sea level -
- Can quantify differences/improvements from Along track
FFSAR
ESA | 01/01/2016 | Slide 12
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5. Along track results

1. All elevation w.r.t geoid

— 01 b= . - ] .

FFSAR
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5. Along track results

FFSAR Leads Floes
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5. Along track results
FFSAR Leads Floes
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5. Along track results
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5. Along track results
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5. Along track results

1. Get 6.4x more lead elevation estimates*

« ~4x increase from 80m along track resolution
(4 estimates per ESA L1b detected lead)
« FFSAR also detecting more individual leads

2. Get 3.2x more floe elevation estimates*
« Increase from 80m along track sampling
3. Get 7.2x more freeboard estimates*
« Better along track coverage due to more leads

*For this individual pass

ESA | 01/01/2016 | Slide 19

— 0l b 2= ™ LW = T Il D D R e B3I EEEE i ¥ European Space Agency



3 NORTH-AMERICAN CRYOSAT SCIENCE MEETING § \&\? esa

AND GEODETIC MISSIONS WORKSHOP

5. Along track results
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6. Some statistics
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6. Some statistics
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6. Some statistics

+  Remove along track height variations
Look at:

» Number of waveforms vs. filtering

» Height standard deviation vs.
number of waveforms

» Height standard error vs. number of
waveforms

Along track statistics
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6. Some statistics: Number of waveforms
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6. Some statistics: Height standard deviation
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6. Some statistics: Height standard error
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FFSAR leads [

6. Some statistics: ofs o TR
Along track statistics IR AT et A G Rtk |
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* More lead waveforms in FFSAR data
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6. Some statistics:
Along track statistics

Floes
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7. Conclusions

* Over sea ice FFSAR data shows similar precision to ESA L1b, but at 80m posting rate

 FFSAR data is great for sea level and freeboard retrievals over ice-covered oceans

» 80m along track resolution = 4x along track sampling rate = ~4 lead/floe elevation estimates
per ESA L1b lead/floe elevation estimate

» But FFSAR actually resolves more individual leads for the same processing/filtering parameters
= better sampling of sea level along track = better polar oceanography

» More sea level tie points = better sea level interpolation = better along track freeboard
coverage
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Any Questions?

Contact

Tom.W.Armitage@jpl.nasa.gov
@twkarmitage
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