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ABSTRACT

Mountain glaciers are sensitive to climate change and are thus
relevant indicators of regional climate variability. In order to
understand the dynamics of glaciers, retrieving glacier
surface velocity is valuable in understanding physical
processes in glaciers. We apply an image cross-correlation
algorithm in the frequency domain to derive glacier velocity
on the Yanong glacier between 2013 and 2018. The results
indicate that the flow patterns are related to the terrain
complexity. Yanong Glacier maximum velocity was 168
m/year at the elevation around 4700 meters. The surface
velocity exceeded 100 m/year above the elevation of 4200 m,
while above 5000 m the surface velocity fluctuated around 60
m/year along the main stream.

Index Terms— Yanong glacier, cross-correlation,
surface velocity

1. INTRODUCTION

In the 20th century climate has caused dramatic variations in
mountain glaciers in general, and in the Tibetan Plateau in
particular. Mountain glaciers are not only the freshwater
suppliers in the Tibetan Plateau but also climate response
indicators!!. Gaining a better understanding of mountain
glacier dynamics in space and time is therefore of great
importance. Glacier velocity is a key factor in glacier
dynamical processes such as glacier surges, development of
glacier lakes, lake-outburst floods, and glacier debris-flow
hazards. Better satellite imagery coverage and repeated
acquisitions significantly improved our ability to measure
large scale and long term surface movement. Glacier velocity
monitoring by remote sensing techniques is feasible
globally!>31, which has enormous potential to broaden our
knowledge in glacier flow.

The phase correlation algorithm used in COSI-Corr (hereafter
referred to as COSI-Corr) is a robust matching method for
global-scale mapping and monitoring of glacier velocities!®.
Several studies have used this method to observe the
dynamics of individual glaciers”:*), In this study, the cross-
correlation algorithm in the frequency domain was applied on
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multi-temporal Landsat 8 OLI images to construct glacier
velocity fields from 2013 to 2018 in Yanong glacier in
Tibetan Plateau of China.

2. STUDY AREA

The Yanong Glacier (GLIMS ID is G096657E29334N) is
located in the Kangri Karpo Mountains of the Southeast Tibet
Plateau. Yanong glacier is a maritime glacier, which captures
the warm and humid moisture carried by the southwest
monsoon penetrates into the Tibetan Plateau’. During winter
and spring, the westerly jet is blocked by the Tibetan Plateau
and splits into two parts; the southern branch forms a trough
in the Kangri Karpo Mountains after avoiding the Himalayas.
Moisture derived from the Bay of Bengal is delivered to this
trough, causing heavy snowfalls and therefore developing
maritime glaciers!'’l. Glacier velocity is high and surface
melting is intense. As shown in Figure 1 Yanong Glacier is
about 32 km in length, terminating in a proglacial lake.
According to [11], during summer, the temperatures in this
region rise continuously. Studying the variation of maritime
glaciers in this region helps to improve the understanding of
the relationship between glaciers and southwest monsoon.

©  Tihetan Plateau
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Figure 1. Location of Yanong glacier. The red line is the centerline
of Yanong Glacier. The black line is the glacier border from the
Chinese Second Glacier Inventory.
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3. DATA

In this study, we utilized Landsat-8 OLI images acquired in
the period 2013-2018 to estimate the glacier surface velocity
over the Yanong Glacier. Landsat-8 provides high-quality
moderate-resolution imagery, available from the U.S.
Geological Survey. The Level 1T image data product is
orthorectified, radiometric and geometric corrected and
transformed to UTM projection. We used 33 images in total
and generated 179 maps of displacement retrievals, using
different combinations of acquisition dates. All the
panchromatic images (15 m resolution) used in this study
were in the same path/row (134/40), which is a very suitable
source for tracking glacier flow velocity.

4. METHOD
4.1. Glacier surface displacement

Glaciers surface displacement were quantified by calculating
co-registration and correlation of the optical imagery using
the software package COSI-Corr (Co-registration of
Optically Sensed Images and Correlation), developed by
Leprincel'?l. Horizontal displacements along the East/West
(E/W) and North/South (N/S) direction were measured using
an 8 x 8 (pixels) window as the initial search window and a
32 x 32 (pixels) window as the final window. A coherence
mask was applied to select segments of the spectrum where
the phase information was reliable. The mask parameter
(coherence in the frequency domain) was set to be larger than
0.9. Finally, we obtained the displacement maps at a
resolution of 15 m (a sliding step set as one pixel for the
correlation window). Each image was combined with six
images at different times to calculate displacements to
decrease the mismatches due to e.g. cloud cover, snow cover
and melting glaciers. We refer to the set of image pairs
overlapping the same period in time as “stack”. The glacier
velocity v was estimated using Eq.(1):
LD Q)
A;

where D (m) is the displacement measured between each
paired images; A is the interval between the paired images in
number of days. The unit of velocity is then m/day. For easier
comparison with other studies, we convert the unit to m/year
by multiplying the averaged velocity by 365 days in one year.
Thereafter we refer to the mean annual velocity as stack
velocity.

4.2. Accuracy Estimation

Due to the inaccessible study region, it was difficult to
directly evaluate the results of the COSI-Corr method. Taking
into account that the off-glacier area should not move, the
displacement retrievals in the off-glacier area is generally
regarded as a reference to evaluate the estimated velocities.

The error of the observed velocities in the off-glacier area
- <[13].
isttl:

" N 2
Ooff = SE“ + MEAN

O is the error of off-glacier area velocity, MEAN is the
mean stack velocity. SE is the standard error of the mean
velocity, which provides a measure for the corresponding
random uncertainty!!3:
STD (3)

SE = ——
VNogr
where STD is the standard deviation of the off-glacier area
velocity. N of f is the number of pixels in the sampled off-
glacier area. In our case-study STD was 5.42 m/year and
Ooff Was 6.47 m/year.

5. RESULTS

Glaciers with complex terrain and tributary flows are frequent
in high-mountain regions. Figure 3 displays the stack velocity
of the velocity fields in the Yanong Glacier derived from 179
displacement retrievals. In general, larger portions of the
glacier flowed faster than the smaller portions. The glacier
velocity accelerated from the glacier snout to the upper area.
The maximum velocity at about 4700 m, reached 168 m/year.
According to the off- glacier area statistics, the incertitude of
the velocity results was approximately 6.47 m/year. The error
on displacement was less than half pixel. The A-A’, B-B’, C-
C’ profile is along the centerline location shown by the red
line in Figure 1 and Figure 3.
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Figure 2. Stack result of Annual glacier velocity profiles along the
centerline (A-A’, B-B’, C-C’) of the Yanong Glacier. The centerline
location is shown the red line in Figure 1 and Figure 3.

As can be seen in Figure 2, the glacier velocity of Yanong
Glacier is highest along the A-A’ profile (the main stream of
the glacier). The first velocity peak is at approximately 1.3
km from the terminus, with a speed of 70 m/year. In the
ablation zone speed increases with elevation. On the contrary,
in the accumulation zone, the speed is decreasing with
elevation. The surface velocity exceeded 100 m/year above
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the elevation of 4200 m, while above 5000 m the surface
velocity fluctuated around 60 m/year along the main stream.
The second peak velocity is at 14.6 km from the end of glacier
tone approximately 120 m/year, with the elevation between
4600 and 4700 m. This can be due to glacier melting and
elevation change. The B-B’ and C-C’ profiles apply to the

tributary glaciers feeding the main stream. As shown in the
B-B’ profile, the maximum velocity reached 120 m/year,
while in the C-C’ profile the maximum velocity was about
160 m/year, located at the bend of the glacier. At the lower
junction point, glacier velocity was about 130 m/year.
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Figure 3. Stack velocity of the annual velocity field in Yanong Glacier from 2013-2018.

6. CONCLUSIONS

This study retrieved glacier surface velocity of Yanong
Glacier between 2013 and 2018 using Landsat-8 OLI images.
The stack velocities result were calculated using Cosi-Corr
method based on 179 maps of glacier surface displacement.
Yanong Glacier maximum velocity was 168 m/year at the
elevation around 4700 meters, and the velocity exceeded 100
m/year between 4200 and 4800 m elevation. According to the
spatial pattern of retrieved glacier velocity, the tributary
glaciers contribute to the main glacier velocity. More studies
on this glacier, as well as more glacier cases, using longer
observation records are in-progress.
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