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ABSTRACT 

 
Recent studies have revealed that variations in glacier 
movement over larger time scales can be explained by the 
changes in total mass of the glacier, making it an effective 
indicator of glacier health. It is vital to obtain precise and 
accurate glacier movement velocity to investigate the glacier 
health.  Satellite based Differential SAR (Synthetic Aperture 
Radar) Interferometry (DInSAR) techniques have been used 
for continuous monitoring of glacier surface movements. 
However, it is still challenging to employ this method in 
mountainous regions, such as the Indian Himalaya, due to e.g. 
severe temporal decorrelation and rapid glacier changes, and 
complex geological situation. Thanks to a pool of freely 
available ESA’s Sentinel-1 C-Band SAR data with a short 
time repeat cycle, it is possible to overcome such challenges. 
This study attempts to assess the applicability of these 
datasets from its -1a and -1b platforms for estimating surface 
ice flow velocities in Indian Himalayan Region (IHR). 
Siachen Glacier, located in Karakoram range of IHR, is 
chosen as a representative glacier in this study, using which 
assessment of the dataset is performed and results are 
presented. 6-day interferometric pair was used for revealing 
the glacier velocity, estimated to range between 0m/y in some 
parts of the accumulation zone to 135m/y along the main 
trunk of the glacier in ablation zone. It is observed that, 
although datasets from Sentinel-1 mission are applicable for 
DInSAR processing in IHR, they provide a limited yet 
valuable opportunity to understand and model surface 
dynamics of mountain glaciers. 
 

Index Terms— Sentinel-1, Indian Himalayan Region, 
DInSAR, Glacier Surface Velocity, Siachen 
 

1. INTRODUCTION 
 
A recent study by Dehecq et al. revealed that changes in 
glacier surface movement are driven by changes in ice 
thickness and glacier mass, occurring due to glacier response 
to climate change [1]. This makes glacier surface velocity an 
important representation of the dynamics that the glacier is 
undergoing and an indicator of glacier health. Since the late 

20th century, glaciers and ice-sheets across the world have lost 
mass at unprecedented rates, warning us of serious 
consequences in the future. This has far reaching implications 
on global climate, availability of freshwater resources and 
changes in sea level affecting the world at the ecological 
front. Therefore, improved cognizance of dynamics of glacial 
ice is essential [2].  
 
The ability of Synthetic Aperture Radar (SAR) to assert ice 
movement was first displayed by [3]. This remarkable 
development has revolutionized mapping of ice velocities 
across the globe. Since then, several studies have used 
Differential Interferometric SAR (DInSAR) approach for 
mapping ice-flow velocities of ice sheets and glaciers. The 
sensitivity of interferometry (InSAR) to slightest movements 
on ground has made it the most valued and widely used 
technique for estimating surface displacements and 
deformations. [4] were able to successfully retrieve 3D-
surface velocity of Siachen Glacier using ERS-1/2 images 
with 1 day temporal separation from ascending and 
descending passes. Few other studies also have reported 1D-
line of sight (LOS) velocity of glaciers using ERS-1/2 for the 
Himalayan region [5], [6], [7]. However, other C-Band SAR 

Figure 1: Study Area: Siachen Glacier. (Inset: Map of India). The 
range and azimuth arrows represent the look direction and heading 
direction of the SAR sensor.  
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products haven’t been used for mapping ice velocities using 
DInSAR in Himalayas due to their lower revisit frequencies 
that cause more temporal decorrelation in interferometric 
phase. Moreover, the application of interferometry in 
mountain regions is also limited by several other factors. 
Large spatial baselines, rapid surface movement, 
crystallization of snow, melting and precipitation events 
cause phase decorrelation leading to error and enhanced 
uncertainties in InSAR products. Further, layover, shadow 
and foreshortening causes notable geometric distortions in 
mountain regions. Although effects due to imaging geometry 
of the sensors cannot be removed, choosing appropriate 
(optimal) spatiotemporal baselines can enhance correlation in 
the pair. C-Band Sentinel-1 (S1) constellation (-1a & -1b), 
launched by European Space Agency (ESA), with a revisit of 
6-12 days offers an opportunity for interferometric 
processing in the Himalayas. Phase coherence between the 
interferometric pair may improve with 6 days temporal 
baseline available in IHR, the smallest baseline offered by 
any of the repeat-pass SAR missions currently in operation.  
 
The primary focus of this study is to assess the applicability 
of S1 products for DInSAR processing to retrieve glacier 
surface velocity in the IHR. The assessment is carried out 
over the Siachen glacier (Figure 1), the largest glacier in the 
region with a length of ~72km located in the Eastern 
Karakoram Range of the North Western Himalayas. After 
successful assessment of the dataset, the estimates of glacier 
velocity are presented and discussed. 

 
2. DATA AND 

METHODS 
 
For the assessment of 
Sentienl-1 datasets, all the 
scenes captured over the 
region of interest (ROI) 
between 2016 and 2018 by 
S1a & S1b were carefully 
scanned to find ideal 
interferometric pairs, with 
optimal spatiotemporal 
baselines, for differential 
interferometric SAR 
processing [3], [8].  
 
The processing flow chart 
of standard DInSAR 
techniques is depicted in 
Figure 2. 
 
Theoretically, the InSAR-
derived velocity is in the 
Line of Sight (LOS) 

direction. Using the LOS 
to glacier-flow-direction  

relationship defined by [9], [10], the LOS velocity can be 
further decomposed to actual velocity in glacier flow 
direction, expressed as 
 

𝑉"#$% = 	
()

%*+,	%*+-	+./01%*+0	+./, ∆3
			(𝑒𝑞. 1). 

 
The equation (eq.1) projects the LOS velocity (Uw) in glacier 
flow direction (Vglac) using slope (α), aspect angle with 
respect to radar direction (φ) and incidence angle (θ).  
 
Note that processing of SAR scenes is performed using 
Sentinel-1 Toolbox in SNAP, designed by ESA. Unwrapping 
of wrapped interferograms is done on a high performance 
computing (HPC) platform using SNAPHU, considering the 
heavy computational requirements for unwrapping of phase 
in mountain regions.  

 
3. RESULTS AND DISCUSSION 

 
3.1. Applicability of Sentinel-1 Products 
 
S1a has regular passes over IHR along both the ascending and 
descending nodes, offering pool of 12-day interferometric 
pairs. Coherence estimated using these pairs, however, was 
not sufficient for interferometric processing (Figure 3a). 
Therefore, pairs with smaller temporal baseline were 
required. The identical configuration and viewing geometry 
of S1a and S1b permits their usage in combination, making 
6-day interferometric pairs available. But, passes of S1b are 
minimal, irregular and scattered only over winter periods, 
making few number of 6-day pairs available, all during winter 
periods only. In addition to this, S1b operates only in 
descending node over IHR; therefore, no scenes are available 
from this platform through the ascending node. However, 
degree of coherence retained using 6-day pairs was 
significantly higher (Figure 3b), making them very ideal for 
DInSAR processing in IHR. On the other hand, an event of 
precipitation or avalanche can significantly hamper the 
coherence of 6-day pairs (as seen in Figure 3c), rendering 
them inapplicable for processing. Precipitation over IHR is 
frequent during winter (DJF) due to influx from westerlies 

Figure 3: Methodological flowchart 

Figure 2: Estimated coherence (range 0-1) using (a) 12-day pair from 
Dec-16, (b) 6-day pair from Dec-16 and (c) 6-day pair from Dec-17. 
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[11], making these 6-day pairs highly vulnerable to phase 
decorrelation due to rainfall and snowfall. Moreover, events 
of rapid melting, avalanche and wind storms between 
acquisitions can also cause further decorrelation of phase 
during interferometric processing. Therefore, special 
attention needs to be paid while choosing optimal pairs for 
analysis, taking into consideration all the factors that can 
affect coherence in the interferometric pair.    
 
While 12-day pairs from Sentinel-1 mission may be 
inapplicable in most of the cases, 6-day pairs are a valuable 
resource for DInSAR processing over IHR due to their ability 
to retain sufficient amount of correlation between the two 
acquisitions. However, this opportunity is limited due to 
availability of S1b datasets and factors that can cause 
decorrelation. Careful analysis of the available pairs can 
support high-quality DInSAR based velocity assessments in 
the IHR.  
  
3.2. Surface ice flow velocity 
 
After analyzing several 6-day interferometric pairs, it was 
seen that scenes acquired in December 2016 retained highest 
degree of coherence between the acquisitions, making them 
the most optimal pair for DInSAR processing over Siachen 
Glacier, the chosen study area..  Acquired from the 
descending node, this pair was further processed for 

retrieving the LOS velocity initially and then transforming it 
to actual glacier velocity. The 6-day LOS velocity estimates 
were scaled up to represent approximate annual movement in 
m/y, presented in Figure 4. For 2016, the LOS velocity 
ranges from -12.85m/y to 30.77m/y. Pixels with negative 
values represent movement away from the sensor, while 
pixels with positive values represent movement towards the 
sensor.  
 
Since LOS velocity is a representation of movement in the 
radar look direction, it is important to decompose the LOS 
velocity vectors into actual surface velocity. This can be done 
using LOS velocity estimates from ascending and descending 
orbital nodes and decomposing them to ground coordinates 
[4], [12]. However, considering the Sentinel1 resources 
which cannot provide 6-day pairs in ascending node, this 
method cannot be applied in IHR. Therefore, an alternate 
method used by [9], [10] is used to project LOS velocity in 
the glacier flow direction. Note that the results of this 
approach may not be as accurate as using a combination of 
ascending and descending pairs.  
 
The projected velocity that represents the actual ice velocity 
in flow direction is represented in Figure 5. The approximate 
velocity observed in 2016, scaled to annual scale using 
estimates of December 2016, ranges between 0 – 135m/y. 
These findings are in good relation with velocity reported by 
[4] using 1-day ERS-1/2 data from 1996. They reported 

Figure 4: LOS velocity estimated from 6-day pair using DInSAR 
approach. LOS Velocity represents movement towards (red) and 
away (blue) from the SAR sensor. 

Figure 5: Actual Velocity of Siachen Glacier, computed for 2016 
using 6-day pair, projected in glacier flow direction. The flow is in 
South-East direction as indicated by the black arrow. 
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maximum velocity of Siachen glacier in 2016 as 125 –     
140m/y. Further sensitivity analysis has to be done to 
evaluate the quality of estimated velocity from this work. 
 

4. CONCLUSIONS AND RECOMMENDATIONS 
 
It is evident from this study that products of Sentinel-1 
mission are suitable for revealing glacier surface movement 
in Indian Himalayas using Differential SAR Interferometry 
(DInSAR). Coherence of the selected pair requires 
assessment before the interferometric processing is 
performed. Using a pair of SAR data acquired in December 
2019, from descending orbit, we were able to successfully 
retrieve the glacier movement in the LOS direction of 
Siachen Glacier, located in the North Western Range of 
Himalayas. The velocity in the LOS direction ranges between 
-12.85m/y and 30.77m/y, and the LOS-projected velocity in 
the glacier flow direction is up to     135m/y. For our case, 
decomposing of LOS velocity from ascending and 
descending nodes into 3D velocity was not possible due to 
the limited availability of Sentinel-1 datasets. This is a major 
drawback for using the selected Sentinel-1 products in the 
Indian Himalayan Region (IHR). If number of passes of S1b 
can be increased, in both ascending and descending nodes, 
over the IHR (at least 4-5 passes during summer (MJJ) and 
winter (NDJ) each) products from this mission would become 
an invaluable resource for monitoring glacial dynamics over 
this sensitive region, called the Third Pole. Nevertheless, 
these products are applicable for offset tracking using 
amplitude and intensity of the backscatter, with an ability to 
estimate 2D/3D surface velocity. 
 
Although DInSAR is a great approach for glacier velocity 
estimation, it can only partially substitute field velocity 
measurements. Interestingly, the availability of pool of SAR 
data and processing tools has made it easier for studying ice 
sheet and glacier movements and surface dynamics using 
DInSAR. This has substantially improved our understanding 
about glacier behavior over past few decades. 6-day coverage 
by Sentinel-1 over the Indian Himalayan Region, although 
limited in terms of acquisition availability, offers an 
incredible opportunity to study surface dynamics of mountain 
glaciers. These datasets should be carefully assessed further, 
and used for interferometric processing in the Himalayan 
region. A time series analysis could also be performed to 
understand the trend of changes in surface dynamics of 
glaciers and ice sheets. 
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