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I Debris-covered glacier
Debris-free glacier
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¢ Temperature sensor Elevation
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®  Runoff gauge
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The Langtang observatory

* Partnership Utrecht University / ICIMOD / Kathmandu University / ETH /
NVE since 2013

* Measurements

Meteorology (Full AWS (4) and mini-AWS (2))

Precipitation (LUFFT mini radar (2), OTT pluvios (3), tipping buckets (6))
Snow (snow water equivalent (1) and snow depth (SR50 (4)))

Soil moisture (5) and groundwater (5)

Runoff (2)

Eddy-Correlation flux tower (IRGASON, short campaigns)

Time lapse cameras (6)

Glacier (mass balance, debris properties, UAV)

Photo: Joe Sheaﬂ“‘
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Scientific progress: meteorology
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Scientific progress: glaciers

Debris-covered ice in the
high-mountain water cycle
From field scale processes to
catchment scale interactions

Jakob Friedrich Steiner

UTRECHT STUDIES IN EARTH SCIENCES.
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Scientific progress: snow

Contents lists available at SeienceDirect
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experimental set-up we aim to understand the main meteorological drivers of snowmel, ilustrake the impor.
tance of accounting for the cold contens dy e snowpack, and gain insight into the role that snow
meltwater refreezing plays in the energy and mass balance of the snowpack. Our results show an intricate
relation between the sensitivity of melt and refreezing on the albedo, the importance of meltwater refreezing,
and.the amount of posicive net energy used o overcame the cold content of the snowpack. The net energy
available at both site is primarily driven by the net shortwave radiafion, and is therefore extremely sensifive to
snow albedo measurements. We conclude that, based on observed snowpack temperatures, 21% of the net
positive energy is used to overcome the cold content bulld up during the night. We also show that at least
32-34% of the snow meltwater refreczes again for both sites, Even when the cold content and refrecting arc
‘accounted for, excess energy is available beyond what is necded to melt the snowpack. We hypothesize that this
b

v
of refecezing due 1o a basal ice ayer, fresh snowfall and the ground heat flux. Our
study shows that in order o aceurately simulate the mass balanee of seasonsl sowpacks in Himalayan catch.
‘ments, simp sulfice and content needs (0 be accounted

for.
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Scientific progress: snow
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Journal of Glaciology Spatial and temporal patterns of snowmelt
% refreezing in a Himalayan catchment

IGS Sanne B. M. Veldhuijsen! (3, Remco J. de Kok! @, Emmy E. Stigter' (&,
Article Jakob F. Steiner'2 (), Tuomo M. Saloranta® and Walter W. Immerzeel®
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snowmelt refreezing in a Himalayan 0 0
catchment. Journal of Glaciology 1-21. https://
doi.org/10.1017jog 2021101 Abstract

Recent progress has been made in quantifying snowmelt in the Himalaya. Although the condi- w
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Accepted: 17 August 2021

tions are favorable for refreezing, little is known about the spatial variability of meltwater refrecz-
ing, hindering a complete understanding of seasonal snowmelt dynamics. This study aims to
improve our understanding about how refreezing varies in space and time. We simulated refreez-
Key words: ing with the seNorge (v2.0) snow model for the Langtang catchment, Nepalese Himalaya, cover-
Catchment; Himalaya; modeling; refreezing: ¢ 5 5.year period. Meteorological forcing data were derived from a unique elaborate network of
snow hydrology; snowmelt 7 y y )

logical stations and high logical The results show that the
Author for correspondence: annual catchment average refreczing amounts to 122 mm w.e. (21% of the melt), and varies
Sanne B. M. Veldhuijsen, strongly in space depending on elevation and aspect. In addition, there is a seasonal altitudinal
Email sb.mveldhuisen@uu.nl variability related to air temperature and snow depth, with most refreezing during the carly melt
season, Substantial intra-annual variability resulted from fluctuations in snowfall, Daily refreezing
simulations decreased by 84% (annual catchment average of 19 mm w.e.) compared to hourly
simulations, emphasizing the importance of using sub-daily time steps to capture melt-refreeze
cycles. Climate sensitivity experiments revealed that refreczing s highly sensitive to changes in air w Refreezing wmm Rain 180°
temperature as a 2°C increase leads to a refreezing decrease of 35%. - Melt = = Refreezing melt ratio Aspect [°]

B
Refreezing anomaly [%]

250 500 750 1000 1250 1500 1750 2000
Annual refreezing, melt and rain [mm]
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COVID-19 impact

e Last visit to all station in November 2019, so considerable
impact expected

* Partner ICIMOD visited main AWS in 2021

* Planned joined visit November 2021
* Inventory (power, memory, maintenance)

* Download newly installed groundwater, soil moisture and precipitation
radar
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