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Introduction
Geomorphological applications of differential interferometric synthetic

aperture radar (D-InSAR) are numerous and include monitoring small

permafrost terrain movements for applications relating to northern

engineering in the context of climate change (LeBlanc et al., 2015).

However, the temporal variability of terrain properties (surface water,

soil moisture, and ground ice) are major challenges for permafrost D-

InSAR. RADARSAT-2 (R-2) is commonly used for its fine spatial

resolution. Sentinel-1 (S-1) has a larger spatial resolution, has shown to

be effective, but lacks in evaluation. The study objectives were to

evaluate the capabilities of S-1 D-InSAR for measuring seasonal

permafrost terrain deformation by comparing to previously

published R-2 D-InSAR results from Iqaluit and Rankin Inlet,

Nunavut, Canada. This material reports the Iqaluit results.

Methods
D-InSAR processing carried out with the PCI Geomatics CATALYST

platform interferometry and SAR python API algorithms (PCI Geomatics,

2017):

1. Sigma0 calibrated SAR ingest with like polarization

2. Co-registration to common reference and convolution of all

temporally subsequent pairs

3. DEM topographic phase removal and orbit correction

4. Phase fringe enhancement with filtering (Goldstein & Werner, 1998)

and multilooking (1 in azimuth, 3 in range)

5. Orthorectification, resampling to 14 m, then phase unwrapping with

SNAPHU (Chen & Zebker, 2002)

6. Line-of-sight (LOS) phase rate calibration

D-InSAR stacking according to procedures in Short et al. (2014):

7. Interferogram LOS phase rate stacked giving summer phase rate

(SPR)

8. LOS SPR conversion to vertical displacement in cm

Qualitative analysis through visual comparison, pointwise comparison,

and areal decomposition

Discussion and Conclusions
• Expected returns over known unstable or stable surfaces confirms S-1

correctly discriminated between permafrost surfaces that were either

vulnerable or not vulnerable to seasonal deformation in 2019.

• Compared to R-2, the larger pixel spacing of S-1 caused the homogenization

of localized (< 14 m2) , sub-S-1 pixel heterogeneities, averaged with the

dominant surrounding trend. S-1 D-InSAR is likely more accurate over

locally homogeneous surfaces than over short-distance heterogeneous

surfaces.

• Standing surface water was common around the poorly drained Iqaluit T2

site (Short et al., 2014). 2019 S-1 likely underestimated the T2 measurement

through phase filtering and stack smoothing of specular backscatter derived

from site T2 standing surface water.

• Sentinel-1  detected seasonal  permafrost  terrain deformation near sensitive 

infrastructure. Although the pixel size is large, the level                                 

of   detail  appears  to  be  sufficient  to  provide  basic                                 

permafrost  stability  information  for land use planning                                 

and engineering applications.

• Sentinel-1 appears to be a suitable and cost-effective                            

option  for large-scale mapping  of  permafrost terrain                           

deformation.

Data
• 2019 summer S-1 SAR (13.9 m azimuth, 2.3 m range) single look

complex Interferometric Wide swath with 12-day repeat-pass,

courtesy of the ESA’s Copernicus program

• 2 m ArcticDEM digital elevation model (courtesy of Polar Geospatial 

Center; Porter et al., 2018)

• 2011-2013 stacked R-2 (2 m cell size) Iqaluit results and cumulative

summer thaw tube measurements from LeBlanc et al. (2015)

• Iqaluit surficial geology map (Allard et al., 2012)

Results
• 2019 S-1 D-InSAR resolved similar large-scale deformation patterns

and magnitudes to those resolved by R-2 between 2011 and 2013,

and deformation near sensitive airport infrastructure (Figure 1)

• S-1 was unable to resolve short-distance, sub-S-1 pixel deformation

heterogeneities resolved by R-2

• S-1 and R-2 were in relatively good agreement with the 2011 to 2013

T1 measurements (Table 1) in well-drain, frost insensitive sediment

• S-1 and R-2 underestimated the 2011 to 2013 T2 measurements

(Table 1) in poorly-drained, frost sensitive sediment, but were in

relatively good agreement with each other

• S-1 returned large proportions of expected stability in frost insensitive

sediments and large proportions of expected instability in frost

sensitive sediment (Figure 2)

Thaw tube 

site

Thaw tube summer settlement (cm) Stacked D-InSAR summer settlement (cm)

2011 2012 2013 2011 (R-2) 2012 (R-2) 2013 (R-2) 2019 (S-1)

Airport (T1) -1.9 -2.35 -1.1 -0.7 -1.0 -1.0 -1.4

Park (T2) -11.8 -8.5 -5.6 -4.8 -4.3 -2.1 -4.3

Figure 1. 2019 (June 1 - Sep. 29) S-1 stacked D-InSAR vertical displacement (cm) over the Iqaluit

Airport sector, Nunavut, Canada

Table 1. 2011-2013 airport (T1) and park (T2) cumulative summer thaw tube measurements and

2011-2013 (R-2) and 2019 (S-1) stacked D-InSAR settlements
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Note, 2011-2013 R-2 results from LeBlanc et al. (2015) were produced by NRCan - GSC from copyright protected MDA
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Figure 2. Areal decomposition of 2019 S-1 stacked D-InSAR showing the percent of total area (y axis)

each geologic unit (x axis) experienced various levels of deformation (nested x axis)
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