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ABSTRACT CASE 2: FIVE-YEARLY ALTITUDINAL MASS BALANCE GRADIENTS
In this study, we leverage high-quality digital elevation change and glacier surface velocity Here we apply the continuity equation to derive mass balance gradients, as continuity
datasets along with multi-model ice thickness estimates to isolate the annualized local approaches have shown skill in reproducing this even for problematic data inputs (Pelto et al.,
glacier mass balance (hereafter surface mass balance, SMB) for glaciers. Our 2021). For this, we leverage new higher-quality large-scale glacier change datasets relevant for
implementation of the continuity equation builds on recent advances and is applicable to the recent five-year period (2016-2020). Over this timeline, firn density profiles and mass
derive altitudinal or distributed mass balance profiles at local and regional scales. We balance gradients generally remain stable, making these results suitable for large-scale glacier
demonstrate the applicability and utility of this approach for several case studies, yielding model calibration. We first demonstrate the method’s ability to represent ablation gradients at
understanding for glacier health and vital target datasets for improved glacier model Abramov Glacier, where high-quality monitoring data are available, and then apply the approach
calibration and validation. across the region. Mass balance gradients are variable in space and
Abramov Glacier, Kyrgyzstan time. Analyzing WGMS data:
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1. Determine glacier ‘health’ at the regional scale leveraging multidecadal RS data
2. Assess 5-year mass-balance gradients from remote sensing datasets
3. Use high-precision stereo photogrammetry to derive 2-year mass balances for CASE 3: PRECISE SMIB FOR GLACIER MODEL EVALUATION
comparison to glacier mass balance modelling results. Here, we leverage high-quality Pleiades DEMs to produce high-precision surface mass balance

estimates, in this case for 2017-2019 in the Langtang catchment of Nepal. These results are
suitable for comparison to independent modelling of glacier mass balance, in this case using the
METHODS Tethys-Chloris land surface model (Buri et al., in review). See also the poster by P Buri.
Comparable datasets have been derived using UAV, Pleiades, SPOT and Deimos datasets for the

other focus domains of our project.
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The tool we use is the continuity equation, here simplified assuming that changes in firn
density are negligible, and that englacial and subglacial mass losses are dominated by
changes at the ice surface (Miles et al., 2021).
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This requires estimation of the flux divergence, which we accomplish by first estimating the

_ i i i i i | ImGRAFT velocity |
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pattern over a radius of several ice thicknesses (e.g. Van Tricht et al., 2021) . This is then

combined with remotely-sensed products of thinning patterns and a spatially-varying
density assumption. We assess different uncertainty sources and the overall uncertainty

through a Monte Carlo ensemble.

An advantage of the approach is that it can be used with a variety of standard data products,
or with self-generated remote sensing results. Here we demonstrate three use-cases.

CASE 1: REGIONAL CLIMATIC SMB PATTERNS

In this case, we simplify the glacier geometry to derive altitudinal mass balances and
leverage thinning, velocity, and thickness data products relevant for the 2000-2016 period.
This allows us to analyse over 5000 large glaciers across High Mountain Asia and to quantify
their ‘health’ in terms of Equilibrium Line Altitude (ELA), Accumulation Area Ratio (AAR),
and Ablation Balance Ratio (ABR). See details in Miles et al., (2021).

Comparison to Buri et al. (in review) model results:

a} Langtang \'u"’a”E‘j" hdf:—hr ] [m] b:} Langtang GlaCier hdet}rl" [m]
o - 00 05 1.0 00 05 1.0
45°N | $5291 H
y | 7000 7000
N 50°N -
3000 5000 7000
40°N | ELA (ma.s.l.) | | ||
i |
| 6500 i
45°N - i |
| i
35°N | . L
‘ 6000 1 = o
4N | o L 6000 -
s | £ = E __
4000 5000 6000 s I c e
ELAmasl) - et 35 = | — = =
70°E  75°E  80°E 85°E 90°E  95°E  100°E % - RS > il %5500 | —omm
: 5 | o 0 o
45°N | 220.37 H 5000 € = =
: I =
i£0.45 30°N |- I -
rYm— et 5000 e
P s —
son | | —— o
\ I - - EE—
25°N |- e 7 | . ==
o 4500
35°N ! e -4 -3 -2 -1 0 1 2 0 10 -4 -3 -2 -1 0 1 2 0 10
— Glacier balance ablation (%) | Glacier mass balance [m w.e. a 1] Area [%] Glacier mass balance [m W.e. a 1] Area [“,-E]
I B
30°N | EAE Surface mass balance:
asin vulnerabilit .
ol | o SR, - CoNT e
. . " . : . " " " " . - -cleanice ean ice
60°E 65°E 70°E 75°E 80°E Lg:giude 90°E 95°E 100°E 105°E 110°E _ MDD'SUdebriS . DEbriS'CDVET'Ed
= MOD-total
* Miles, et al. (2021). Health and sustainability of glaciers in High Mountain Asia. Nature Communications, 12(2868). CONCLUSIONS
https://doi.org/10.1038/s41467-021-23073-4 Taken together these three examples showcase the utility of the continuity equation to complement traditional

* Van TI’ICht, et al. (2021). Estimating surface mass balance patterns from unoccupied aerlal vehicle measurements in the glaciological measurements and new remote sensing datasets. The approach can estimate fuIIy—distributed net
ablation area of the Morteratsch-Pers ... The Cryosphere, 15(9), 4445—-4464. https://doi.org/10.5194/tc-15-4445-2021

* Buri, et al. (in review). Land surface modeling in the Himalayas: on the importance of evaporative fluxes for the water annual mass balance at high spatial resolution and over broad domains, independent of traditional melt and mass
balance of a high elevation catchment balance models. As such, our results provide vital new, extensive calibration targets that reduce equifinality risk
* Pelto & Menounos. (2021). Surface Mass-Balance Gradients From Elevation and Ice Flux Data in the Columbia Basin, posed by models calibrated to geodetic measurements alone. These target datasets (e_g_ ELAs, AARs, mass balance
Canada. Frontiers in Earth Science, 9(July), 1-19. https://doi.org/10.3389/feart.2021.675681 . . : . . :
gradients, local mass balance) are suited for glacier models of varying complexity and process representation,

¢ WGMS. (2019). Fluctuations of Glaciers Database. Zurich, Switzerland: World Glacier Monitoring Service. _ _ - . .
https://doi.ore/10.5904/wems-fog-2019-12 showing great promise to effectively bridge the observational data gap.
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