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Why are we interested in polar ice masses ?

Polar ice masses are a key
element in climate change
and contribute to sea level
rise.

Precise measurements of ice

masses and velocity define

boundary values for ice
dynamic models and are
needed for improving

forecasts.
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Methods for observing ice dynamics from SAR

Standard ice velocity products for polar regions

3D ice velocity

Mass change estimation from InSAR DEM differencing
Summary for ice monitoring with SAR

Upcoming missions
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SAR Offset Tracking for Ice Motion

Matching of image templates by cross correlation

Amplitude correlation / speckle tracking / coherence tracking
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Polar Ice Velocity Monitoring using Sentinel-1 @>

Launch: - April . . ' B
2014/2016 : o
Sensor: C -band SAR

Mode / Product: IWS /SLC
Swath width: 250km
Resolution: 5mx20m

Repeat cycle:  12/6 '

° / o>
Complemented by Sentinel-2
MSI s 4

v" Near real-time
v" Highly automated
v' Data Freely available




Polar Ice Velocity Monitoring using Sentinel-1 &nveo’
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Sentinel-1 Greenland Annual Ice Sheet Velocity Maps

2018/19
2014/15 2015/16 2016/17 2017/18 I

\

ice sheets
greenland

Product: E,N velocity components, Azg,,, uncertainty estimates

250m IV product freely available 1 month after last acquisition
Method: Coherent and Incoherent Offset Tracking | —

http://cryoportal.enveo.at  Nagleretal. 201> 0 WEHIVEYS




Monthly Ice Velocity Products - since October 2014
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Sentinel-1 Velocity Time series

Jakobshavn Isbrae — West Greenland
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Sentinel-1 Velocity and Ice Flux Time Series
Nunatakassaap Sermia — West Greenland
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Ice velocity with InSAR

SAR interferometry measures motion along the LOS: Ap = —AR

3D velocity vector: v = v, +v, = vgic + vyiy + Vv, i,

Surface parallel flow assumption:

Vertical motion

o o
V=Vh+V, =Vh+|Vy &S(X’ y)—I—Vy ES(X’ y) only due to slope

A
Combination of ascending, descending K{ / Z

interferograms and projection on DEM for
retrieving 3-D surface velocity A\
illumination
LOS, LOS, |
D ENVeo




Ice velocity with InSAR

ERS-1/-2 Interferogram Drygalski Glacier, Antarctic Peninsula
1995-10-31/1995-11-01 Velocity Map (magnitude) from INSAR data of crossing orbits

(m/d)
16.47




3D Ice Motion with Offset Tracking

3D velocity vector: v =

|
<

=
+
<
]

L= Ve + vy + V0 v, contributions

Slant range and along-track components:
Vg =V, cos¥sin &—v, sin ¥ cosd—v, cosd
Vg, =V, SN +v, cosY

0 - off-nadir angle (look angle) w - heading angle

%M\m,/ d

Crossing passes + stable
conditions (same time interval)
For each geocoded pixel:

- 4 velocity (displacement/Atime)
measurements: (v, , V,,).c and
(Vsr ’ Vaz)des

- SAR imaging geometry exactly

el known: Vascr easc' Ves 0des
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3D ice motion

TDX Stripmap mode:
* 3m resolution

* scene size (width x
length) : 30 km x 50 km
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parallel displacement and ice dynamics




Horizontal and vertical displacement rates
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Intercomparison of Surface Elevation Changes

- Az from SAR 3D velocity -3.19m (ablation + emergence)
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Geodetic mass balance from InSAR DEM differencing ~ ~Taxoenm™

Bistatic mode allows elimination of temporal
decorrelation and atmospheric variations

1 (active) satellite is

transmitting

* Both satellites receive
simultaneously the radar
echoes

Database for surface elevation change (SEC):

« TanDEM-X (TDM) bistatic INSAR time series (>3
years time steps)

* SRTM (where available)

Total net glacier mass balance from SEC:

SEC processing line
&5 Q C ol

ITP -

Raw DEM, auxiliary
rasters

Raw DEM calibration and -
PU error masking

Raw DEM, auxiliary
rasters

Differencing and
mosali cklng

B p... " dA p —ice density CSU;fﬁ;ﬁgeeI?::JgonD C Quality map )

A - glacier basin area

DLR



DEM differencing and glacier mass change

Antarctic peninsula

—

Analysis of Surface Elevation Change (dh/dt) 2011 - 2016 g :

* Use of TanDEM-X data acquired from same satellite track in winter (frozen snow/ice) — E'*"f
data sets with same ¢° and same incidence angle *

* Comparison TanDEM-X dh/dt with airborne lidar (ATM) data of NASA IceBridge, both
data sets independently processed

Crane Glacier dh/dt 2011-2016 ATM / TDM
2 | |
TDM dh/dt ATM - TDM s
0
~
2
4
Mean difference 0.01 m/yr
RMSD =0.22 m/yr
6 | : ' .
6 mfyr -4 2 0 ATM 2




DEM differencing and glacier mass change
Antarctic peninsula
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Sentinel-1 Brunt Ice Shelf Rift Monitoring
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Image contains modified Copernicus Sentinel-1 data




Main limitations

Sentinel-1 _ _ iy DEM

Need for :
* Higher temporal sampling
* Diversity of viewing geometries
(e.g. simultaneous observations with different viewing angles)

* Single-pass data

lonospheric lonospheric .
disturbances disturbances ENveo




Upcoming SAR missions

Copernicus mission:

ROSE-L (Sentinel Expansion)
ESA EE10 Candidate missions:

Hydroterra (geostationnary C-band SAR)
HARMONY (SP-InSAR with S1)

NASA mission:

NISAR (L-band left-looking SAR) -ﬂf
A A -t

"
—

/ Harmony across-track configuration

.enveo”



Thomas: Nagler

show, glaciers and ice sheets products and services

HOME UFPDATES DATA PROJECTS CONTACT ADMIN

This CryoPortal is operated by ENVEO and provides free access to scientific cryospheric products and services from satellite data for Antarctica and Greenland, as well
as various ice caps and glaciers. Products are generated by ENVEO and his partners within projects funded by ESA, FFG/BMVIT, European Commission and others. To
get full access to services and download capability of products we ask for registration and login.

Example Products:
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Time Series of Ice Velocities along Flowlines.

Access to data sets
,1’] 4 N .I_e- “"5 ’ ’ ’

v

Greenland Antarctica Glacier Near Real Time Timeseries
Snow Services of lce Flow
and Calving

https://cryoportal.enveo.at

Data Policy Cookies
—

envec

Contributing
Organisations:

enveo

Product
generation
funded by:



https://cryoportal.enveo.at/

