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Abstract: Objective: The surface movement characteristics of mountain glaciers are crucial for identifying potential
glacial chain disasters and studying global climate change. The pixel offset tracking (POT) method based on image match-
ing is an effective method of detecting large-gradient deformations on glacier surfaces. However, the accuracy of the POT
method is closely related to image resolution. The Sentinel-1 imagery, acquired at regular intervals, has a relatively low
resolution (approximately 5Smx20 m). In the case of small window matching on narrow mountain glaciers, the method is
highly susceptible to noise, which reduces normalized cross-correlation (NCC) peak values and hinder the acquisition of
reliable glacier displacement measurements.Method: To improve NCC peak values and reduce noise interference, this
study utilizes NCC stacking from time-series image pairs, which enhances the accuracy of the POT method with small
window matching, albeit at the expense of some temporal resolution. By comparing the effects of different parameter
settings—such as the number of stackings, search distance, and matching window size—on the experimental results, the
study offers an optimal strategy for parameter selection when calculating displacement using the POT method. Results:
The settings of parameters like search distance and matching window size in POT calculations significantly influence
experimental outcomes. Compared to single-image pair calculations with the same parameter settings, NCC stacking
significantly improves the spatial continuity and coverage of the velocity field of the Yanong Glacier. Additionally, the
mean and variance of velocity residuals in stable regions are reduced to varying degrees, with most areas exhibiting a
strong signal-to-noise ratio gain. Conclusion: The settings for the search window and matching window are crucial for
ensuring accurate displacement tracking. Larger windows tend to produce better displacement field results but may
smooth out the edges and local details of the glacier. Using NCC stacking allows for robust tracking of glacier velocity
on smaller windows, achieving coverage comparable to large-template pairwise NCC. This makes NCC stacking the
preferred method, especially when the template size is constrained by the area of small-scale glaciers.

Key words: Pixel offset tracking; NCC stacking; Mountain glacier flow velocity; Yanong Glacier
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Tab.1 Sentinel-1 satellite data parameters
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Tab. 2 Residual index of velocity field in stable region
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Rocan /M -0.016 -0.002 -0.004 0.002 0.002 0.0001 -0.007 -0.001
Ryg/m 0.299 0.066 0.495 0.126 0.091 0.029 0.216 0.063
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Fig.4 Residual statistics of velocity field in stable region
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4.2 NCC #E POT /58 HM B TR
4.2.1 HEB O ZEE B (1 52

K 7 SR THEANFRES BRI RS ZREEE (BRI 1X4 F1 4X16 535 T EEE A1 5467 [ ok )1 3
e PJLVEH, 1X4 85 OFfrm X FEEgm)D 1/ME 2 I B 7T 7 UK RS 43 DX S eV E i #2100k ) 1]
hife, 2X8 REMAERIEES RATEVK) 5 b PRod i 2 X IOE IR R, DRy ix e qir B i vk AR K
TR BRI EEE . Rk, R UK )1 AL RS B 2R B S



Pl 7 AN TR B AT R B B 4 v SRR UK ) 2 ]

Fig.7 Glacier velocity calculated for different stacking numbers and search distances
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Fig.8 Glacier velocity plots calculated with different stacking numbers and matching windows
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Fig.9 Comparison of range velocity calculated from single image pair NCC and NCC stacking of the mainstream line of Yanong Glacier
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Fig.10 Comparison of azimuth velocity calculated from single image pair NCC and NCC stacking of the mainstream line of Yanong Glacier
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Figure.11 Topographic slope and optical surface texture of Yanong Glacier at 0-11 km away from the glacial accumulation area
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Fig.12 Comparison of azimuth velocity calculated from single image pair NCC and NCC stacking of the mainstream line of Xirilong Glacier
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Fig.13 Comparison of azimuth velocity calculated from single image pair NCC and NCC stacking of the mainstream line of Xirilong Glacier
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Figure.14 Topographic slope and optical surface texture of Xirilong Glacier at 5-15 km away from the glacial accumulation area
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