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Sea-ice deformation

Understanding LKFs and 
statistical properties of sea-ice 
deformations is of interest from 
a climatological, physical and 
logistical point of view

https://worldview.earthdata.nasa.gov

LKFs: Linear Kinematic Features
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RADARSAT Geophysical Processor System (RGPS)

• Lagrangian trajectories (feature tracking)
• Shear rate, divergence, vorticity 
• 10 km, 3 days
• 1997-2008

Total deformation rate (day-1)

RGPS (Jan 25-27, 2000)
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Probability distribution functions (PDFs)
Spatial and temporal scaling
Multi-fractal structure functions

Deformation statistics



Other large scale SAR data sets

DTU (Envisat, RADARSAT-2, Sentinel-1): Gridded, 24hrs, 10km, 2018 – 2023
EGPS (Envisat): Gridded, 24hrs, 10km, 2007 – 2012

Global Ocean - High Resolution SAR Sea Ice Drift
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https://data.marine.copernicus.eu/



Other large scale SAR data sets

DTU (Envisat, RADARSAT-2, Sentinel-1): Gridded, 24hrs, 10km, 2018 – 2023
EGPS (Envisat): Gridded, 24hrs, 10km, 2007 – 2012

New ECCC sea ice drift data set
 (Howell et al. 2022)

ECCC-ASITS (Sentinel-1, RCM): Gridded,  24hrs, 6.25km, 2017-2023
                  7days,  25km
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Other large scale SAR data sets

DTU (Envisat, RADARSAT-2, Sentinel-1): Gridded, 24hrs, 10km, 2018 – 2023
EGPS (Envisat): Gridded, 24hrs, 10km, 2007 – 2012

Gridded,  24hrs, 6.25km, 2017-2023
                  7days,  25km

New deformation data set

Lagrangian 
deformation estimates, 
at multiple temporal 
and spatial resolutions
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ECCC Automated Sea Ice Tracking System (ASITS)
ECCC Team:  Stephen Howell, Mike Brady, Alexander Komarov

System designed for generating large-scale sea-ice 
motion fields for operational uses (near-real-time) 
within ECCC. (Howell et al., 2022)

Feature tracking algorithm (Komarov and Barber, 2014) 
applied to sequential SAR images.

Howell et al. (2022)
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• Sentinel-1:  2017 – 2023
• RCM:         2020 – 2023

t t + T
Image 1 Image 2



ECCC-ASITS - Overview
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Images are processed in different streams for each satellite. 
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ECCC-ASITS - Overview
Images are processed in different streams for each satellite. 
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Feature tracking
resolution = 200m

Automated image stack selection by sector:
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ECCC-ASITS - Output

start_lat  start_lon  end_lat  end_lon     

List of start/end positions for tracked points per image pair:

Gridded product:
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Gridded product:

ECCC-ASITS - Output

start_lat  start_lon  end_lat  end_lon     

List of start/end positions for tracked points per image pair:

RCM + S1 
Lagrangian Deformations
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Overview of deformation processing algorithm

Delaunay Triangulation

Deformation calculation

8

Date selection
Satellite selection

For each image pair, separately:

1 file per image pair

Input

Combine deformation 
estimates from all files

Output



Overview of deformation processing algorithm

Delaunay Triangulation

Deformation calculation
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For each image pair, separately:

1 file per image pair

Input

Combine deformation 
estimates from all files

Output

• Deformation estimates are obtained for 
triangles.

• We reject triangles that are too distorted 
and have angles of less than 10˚ .

Date selection
Satellite selection



Overview of deformation processing algorithm

Delaunay Triangulation
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For each image pair, separately:

1 file per image pair

Input

Combine deformation 
estimates from all files

Output

• The velocity (u,v) is defined as the vertices 
displacement in x and y over the time 
interval between the images.

• The strain rate components are computed 
using a contour integral formulation (e.g. 
Lindsay and Stern, 2003)

Deformation calculation

Strain rate invariants
(Shear, divergence, vorticity)

Date selection
Satellite selection



Overview of deformation processing algorithm

Delaunay Triangulation

Deformation calculation
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For each image pair, separately:

1 file per image pair

Input

Combine deformation 
estimates from all files

Output

• Output format = netCDF

• Variables (one entry per triangle):

• Start/end positions (each vertex),
• Start/end time,
• Area, 
• Shear, divergence, vorticity, total def.
• Strain rate errors

Date selection
Satellite selection
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https://docs.google.com/file/d/1nwjzHkhMNJsX5QvBuc0mzk55hUqrYiu-/preview


Available spatial and temporal scales

5.5 km
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size = sqrt( triangle area ) Interval = time between images



Shear rate, Mar.31- Apr.1st, 2020 (24 hrs)
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Vorticity, Mar.31- Apr.1st, 2020 (24 hrs)
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Divergence, Mar.31- Apr.1st, 2020 (24 hrs)
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Spatial coverage

• RCM + S1
• Nov-May, 2017– 

2022
• T = all
• L = all 
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RCM 
(2020-2022)

S1 
(2017-2022)

Spatial coverage
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RCM 
(2020-2022)

S1 
(2017-2022)

Spatial coverage
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Coverage for different temporal resolutions

17

24 hrs 72 hrs

RCM 
(2020-2022)

S1 
(2017-2022)

48 hrs12 hrs



Limitations - coverage
• Patches overlap in space and time, which 

complicates model comparison. 

To deal with this, a satellite emulator 
seeding the same tracked points in 
models needs to be implemented.

• Trajectories are Lagrangian, but 
deformation history is not continuous as 
new cells are defined for each new pair of 
images. The implications on temporal 
scaling analyses are not clear… 
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Limitations – Impacts of tracking resolution
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We observe a checkerboard pattern for 
deformations of the order of 3x10-2 days-1.

This happens in regions of low deformation rates, 
where the ice displacement appears 
discontinuous due to the tracking resolution:
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Limitations - Impacts of tracking resolution
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(Bouchat and Tremblay, 2020)
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Impact of temporal and spatial scales
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RGPS
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Example: PDFs of deformation rates

24 hrs 24 hrs

72 hrs72 hrs
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Example: regional analysis
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72h /72h

24h /24h



Summary
● Lagrangian sea-ice deformations from SAR imagery of Sentinel-1 and RCM (Nov-May, 2017-2023)

● Version 0:
Triangular deformation estimates
Spatial resolution ~5.5 km
Temporal resolution: 12 hrs -  96 hrs
Tracking error: 200 m 
Deformation resolution: 3 x 10-2 day-1 

● Advantages of RCM: increased coverage in Chukchi Sea, Bering Sea, Hudson Bay 
                                  & compensating for the loss of S1-B. 

● Discretized feature-tracking algorithms lead to apparent checkerboard pattern when drift gradient 
is below the tracking resolution.

● Still need to compare with other deformation products (e.g. DTU) to validate location of LKFs and 
the order of magnitude of deformation.
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• Including HH & HV channels
• Reduced tracking error: 80 m

Coming up…



• Including HH & HV channels
• Reduced tracking error: 80 m

Coming up…



Temporal evolution of coverage (Nov.-May)
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Nov. ice extent (NSIDC)


