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High Mountain Asia cryosphere and water resources remain still largely unconstrained,
despite very substantial advances in modelling and remote sensing. In this project, we
leverage the opportunity offered d by ESA and NRSCC to exploit new remotely sensed
datasets to advance our understanding of blue and green water interactions in high elevation
catchments in the first truly inter-comparative study across HMA. | will provide an update of
the main project objectives, methods and modelling approaches, and present preliminary
results in both modelling and remote sensing.

Our main overall aim is to understand how green water processes affect the availability of blue
water from glaciers, snow and precipitation across High Mountain Asia. To achieve this goal,
we are working with our Chinese partners in a very close collaboration and have designed
three main objectives. The first objective is to advance our understanding of cryospheric,
vegetation and land surface changes from remote sensing observations at benchmark sites;
the second objective is to generate glacier-specific altitudinal surface mass balance profiles
to investigate patterns of changes and validate the glacier component of the land surface
model; and the third one ist o quantify the water cycle of select HMA water towers using a
novel hyper-resolution land surface model to examine variability, seasonality and long term
changes, with emphasis on the feedback between blue and green water.

Use of a hyper-resolution ecohydrological model, fed by Earth System Observations, is very
novel. We will bridge the modelling gap between snow and glaciers, which generate the runoff
that ultimately feeds major rivers, and downstream water cycle components such as
vegetation, which buffer, delay or amplify that runoff. We will focus on blue (runoff) and green
(evapotranspiration) water interactions in HMA, which are often examined separately. We will
integrate water supply changes due to a vanishing cryosphere with the effect of vegetation to
dampen or amplify those changes, especially in periods of droughts. The new model will be
applied to 10 benchmark catchments representative of the climatic differences of HMA. Its
application and validation will be based on remote sensing data: high-resolution satellite data
of land-cover, surface albedo, snow, vegetation phenology, surface water, glacier velocities,
surface lowering and mass balance will guide model developments and support model
calibration and validation in a systematic manner to ensure comparability across case studies.
The 10 glacierized sites span a variety of climates, glacier conditions and mass balance
regimes. For each catchment, field measurements of glacier melt, mass balance, runoff and
meteorological variables are also available and will complement the remote sensing data.

To present, we have advanced on all three main objectives. We have developed a method to
derive snow cover and snow line elevation from satellite images and applied to the entire HMA,
providing both a novel understanding of snow cover patterns across this very broad scale and
validation data for the modelling at the 10 catchments. We have devised a new method to
retrieve glacier albedo from remote sensing that has been applied also to the entire HMA



region, and is being refined now to understand catchment-scale patterns and variability. For
the second objective, we have developed a new method to retrieve altitudinally resolved
surface mass balance from satellite derived elevation differences, have applied it to all glaciers
in HMA and are now refining it to provide the validation datasets for the 10 catchments. | will
present results from its application to the Langtang benchmark catchment in Nepal. Towards
objective 3, we have setup the new land surface model in the same Langtang catchment, for
the two data-rich years of 2017-2019, and are analysing the first simulations now. The model
setup entailed a number of major challenges, from the spatial redistribution of the
meteorological forcing from station data to the characterisation of the parameters controlling
the vegetation response. It is the first time that a physically-based model that calculates all
energy and mass fluxes in a distributed manner is applied to a HMA catchment: the energy
balance calculations require knowledge of wind, radiation fluxes, relative humidity fields in
addition to the temperature and precipitation forcing commonly used in more empirical glacio-
hydrological models, and parameters need to be defined in space and time. I'll present the
application of the model to the Langtang catchment, its validation with remote sensing data
and highlight the advantages that this new modelling perspective offers over more traditional
modelling results.

Finally, I'll present the project next steps and the planning towards the achievement of our
goals. At the end of the project, our multidisciplinary team of European and Chinese scientists
will: i) provide an advanced characterisation of the main glacier and hydrological processes
from remote sensing observations in the high elevation catchments of HMA; ii) resolve the
altitudinal surface mass balance for all study glaciers and determine patterns and drivers of
surface mass balance; iii) use a novel hyper-resolution earth-surface model to simulate the
complexity of the high mountain water budget, understand blue-green water fluxes and
guantify changes in past and future streamflow.
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