Evolution Of Geodetic Mass Balance Over The Largest Lake-terminating Glacier In
The Tibetan Plateau Based On Multi-source High-resolution Satellite Data
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Abstract

This work focuses on relatively accurate evaluating the penetration
depths of both C-band and X-band radar for glacier areas of the south-
eastern Tibet Plateau and further estimate multi-temporal glacier mass
balance for the largest lake-terminating glacier in the TP based on the
geodetic method. Our results demonstrate that there are either an
underestimation of 60% or an overestimation of 202% for the previous
C-band penetration corrections. We also found that the rate of mass
loss of Yanong Glacier has doubled since 2000, and the interannual
mass change has shown a highly volatile and accelerating trend.

Introduction

* The lake-terminating glaciers experienced the most rapid mass loss,
but their evolution remains unclear.

* Time-series monitoring of glacier mass change is essential to facilitate
understanding of this rapid thinning mechanism, but the unknown
radar penetration depth limits relevant studies.

Objectives

« Evaluating the penetration depths of C-band and X-band radar in
the glacierized areas of the southeastern Tibet Plateau.

* Unraveling the evolution of mass balance of the lake-terminating 1210 s 5 420

_ n e _ v W £A #

9|aCier 0.2 4 6 8 10127 . SUCNEET e Fgg cpgair] b0 2 4 6 8 10 127 SN 4 e gy
] 96°30'E 96°40'E : ' °50'E

5 \ ; \ \ 40 5 . . — . . 40
(a) ELA (b) ELA

ey PR

| 1210 8 6 -4 -2 o

_ ey %
Y
o=

0 2 4 6 8 10 1297 . weBug

29°20'N

| l12-10 8 6 4 2 0.
A= b

= Coll | N &
iy =
. L
; i
L2

0 2 4 6 8 10 12"?‘-

29°20'N

Elevation change (m/a).\ ##¥ —

1210 -8 -6 -4 -2 0 000

0 2 4 6 8 10 12

29°20'N

Elevatlon change 'Eatin chahge 'I)

1210 8 -6 -4 2 0 4f

L B N N N N N N |
n | N BN BN BN B .

. o . E _E _
« We used Pléiades stereo data and TanDEM-X bistatic data with an ' : e P
acquisition time of 4 days to estimate the X-band penetration depth Iin o R , o
winter of 2013, and further calculated the C-band penetration depth. £ e e i |
» We used KH-9, SRTM DEM, SPOT-7 and multi-orbit TanDEM-X data - | oos cibrum neatiued 8 S e cauibrum ineaiue 9
] ) ) ) ;‘—3_1()' E r ELA’s fluctuation range 10 () %_10_ E C ELA’s fluctuation range_10 (O)
estimate the multi-decadal and inter-annual glacier mass balance. S T S T
— g e P 1< sianallP L : L '
S o 2012-2013 5 o Bee  2012-2013 s =fan=l g Left: The _154ﬂmuuﬂﬂﬂﬂﬂﬂu{ Wﬂﬂnnnﬂﬂﬂﬂﬂ{ ]’ﬂﬂﬂﬂmmm_o _15Jmmﬂﬂﬂﬂﬂﬂﬁ Wﬂﬂmﬂﬂmﬂﬂ{ ]Hﬂﬂﬂﬂﬂuuw 0
> 5 e - 4000 4500 5000 5500 6000 6500 4000 4500 5000 5500 6000 6500
p ™~ performance Of Altitude (m a.s.l.) Altitude (m a.s.l.)
Pri &%\ ‘ | the correction of Above: Glacier thickness change for different periods.
(a) Original * (b) Corrected * - thoesi?iz(r)\rirr]matgrror Below: The rate of glacier thickness change as a function of altitude for the
2 feiRe. 2013-2014 |90 s 2013-2014 for TanDEgM X multi-decadal timescale (a) and for the inter-annual timescale (b). The ELA
£ 4 T | ] represents the equilibrium-line altitude.
4 | | DEM based on a P J
(&) Original e “ .| proposed in this
g ,, 4 work. ; ——.
. ) (a) £ . .
— E25F 7 X 120 = Left: (a) The time-series
S C soneng 12170 5 change of the proglacial
© ontinous expansion | Frequent fluctuations| =
g 18] S 05 lake area and the
S N g | i 1" £ evolution of the glacier
(c) A loorfree arca e * ¢ velocity at the midpoint
| 6 10 0 T L e e L - I > :
2| _ N 1974 1986 1991 1996 2001 2006 2011 2016 of the terminus of the
: = iaaha I°E T ga” = TR Yanong Glacier from
> -§2 AAA 6 o 632 i s \\1987 1995 2000 2005 2010 2015 Sicer 1974 to 2015.
: : g 500 | — ‘ .
'jgo AyA, ,A: A Ay, ALlT E 400 | \ : (b) The changes in
1 ATA 44 ® g 300 | \ . glacier velocity along the
= Fa | 2| 12 g fgg A i S e ™ central flowline of the
N Glacier outline 4 0 . = I,' Aclcumulatlon I Ablatlon 20f8 | | | | 1|997—>I ~ Yanong GIaC|er )
5000 5200 te(roi00 . 5600 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Distance (km)
AR .
£ Conclusions
§4- -24(;2%\
s Al 3 * The long-term accelerated mass loss of the Yanong Glacier has
: mainly been driven by climate change.
o0 120@® . . . . .
g © * The contribution of dynamic thinning to the overall mass loss has
AR & [ been limited (only acting on the front area of the glacier).
e SRR tlgR e ] A=R%0 4000 4500 5000 5000 . Subglacigl/englacial melting, to some extent, gccounts for the
Above: (a) Pleiades true-color image. (b) Penetration depth map for the X-band acceleration of mass loss at the inter-annual timescale.

radar in the glacier area. (c) The relationship between the X-band penetration Mai £
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