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ABSTRACT

The glacier retreat is a trending subject of discussion nowadays among researchers. The
emergence of remote sensing and GIS techniques opened a new world for glaciologists and
researchers to study inaccessible glaciers due to the lack of sufficient data. This study employed
these advanced techniques to understand and comprehensively analyse the statics of glaciers
in the selected basin of the Central Himalayas. This research work consists of four sections.
The first section deals with monitoring glacier changes over a long period of 45 years. In the
second part of this research, we tried to understand the factors affecting these glacier changes,
which include morphological, topographical, and climatic factors. The third part differentiates
the small and large glacier characteristics and their difference in retreat behaviors. Last, the
fourth section deals with the modeling of glacier melting and mass changes using an Energy
balance (EB) approach, where the findings from the first, second, and third sections are
incorporated into the model used. This part also quantifies the runoff derived from snow and
glacier melt estimated using the EB model. The entire research is conducted on the glaciers in

the Dudh Kosi river basin of the Central Himalayan region.

Initially, we tried to capture the retreat characteristics of each glacier in the river basin over 45
years, from 1975 to 2020. By utilizing the remote sensing data, a multi-temporal approach is
employed for examining the glacier changes at an interval of 4 years. The glacier changes were
quantified by taking the percentage area losses, terminus retreat, changes in glacier elevations
and mass balance, and finally, the shifting of Equilibrium altitudes. The analysis results show
that all selected glaciers were retreating from 1975 to 2020, irrespective of their size,
orientation, position, etc. The highest reduction in area is observed predominantly for smaller
glaciers with greater than 70% loss, and minimal area losses were observed for larger glaciers
with a magnitude of less than 10%. Glacier surface elevation change and mass balance followed
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the same trend as the prevailing climate change, with substantial changes from the 2000-2020
period. An increase in elevation change from 0.35 m/a in 1975-2000 to 0.55 m/a in the 2000-
2020 period is observed. Similarly, the mass balance decreased from -0.285 m.w.e /a during
the 1975-2000 period to -0.54 m.w.e/a in the 2000-2020. Faster retreating of glaciers is
observed after 2000 compared to the period before 2000, which is a clear indication of climate-

glacier interaction.

The influence of morphological, topographical, and climate parameters on the above-determined
glacier retreat is analyzed next. The factors considered include the debris cover, glacier size and
shape, glacier elevation, slope, aspect, etc., determined using well-established methods applied
to remote sensing data. The potential relationships between the selected factors and the glacier
changes are assessed by regression analysis. The results show that the debris cover significantly
influenced area losses with an R-value of -0.56, followed by glacier elevation with an R-value
of -0.42, and glacier shape. The glacier size and slope have the most minor influence on area
losses in the case of selected glaciers. However, the glacier slope considerably influences ELA
shifting, with an R-value of 0.48, indicating higher shifting rates with steeper glacier slopes.
Similarly, the slope possesses a perfect positive correlation with elevation change, with an R-
value of 0.49. Glacier shapes influence the glacier retreat statistics, with large, compacted
glaciers showing less area losses than smaller elongated glaciers.

The present study investigated the behavioral differences between small and larger glaciers in
retreat by repeating the same analysis on the glaciers separated into two clusters of sizes less
than 5 km? and greater than 5 km?. The influence of topographical parameters on the retreat
characteristics of these clusters is analyzed. It is observed that larger glaciers are mainly
observed at higher elevations with similar responses to each topographical and morphological
parameter. However, smaller glaciers show considerable variations in their characteristics within

the cluster. Debris cover is predominantly observed for the glaciers with steeper slopes, followed



by gentle slopes, particularly with larger glaciers. This is mainly due to the occurrence of
avalanches driven by the topography.

Estimating snow and glacier ice melt is crucial today since the enhanced melting induced by
climate change accelerates the glacier retreat. The Himalayan glaciers, especially, are undergoing
severe retreats. In this study, an Energy Balance model is used to estimate snow and ice melting.
Additionally, this study tried to capture the difference in melt from debris-free and debris-
covered regions of the glacier by applying the model at a point scale and a glacier scale. The
mass changes are estimated at an hourly resolution, including melting, refreezing, and
sublimation processes. This enabled us to understand the spatial and temporal patterns of
melting, refreezing, and mass changes. The input data required for running the model are
collected from satellite, metrological, and hydrological data. The results show a large seasonal
melting trend, with the magnitude of melting higher during the monsoon season and lesser during
the pre and post-monsoon seasons. For the selected region, melting from clean ice pixels was
higher since more than 80% of the pixels were covered with clean ice pixels and the least from
debris-covered ice pixels. The snow melt was least during winter, which increased towards the
pre-monsoon season, and peaks during monsoon; after that, it decreased in the post-monsoon
period, falling to very little to zero during the beginning of the following winter. The melt from
debris-free pixels was higher than debris debris-covered pixels, with the melt reducing as the
debris thickness increased towards the terminus. With the model, glacier surface height change
is observed, and it shows a positive height change at the higher altitudes where the accumulation
dominates, and the surface height change is negative in the lower ablation region, showing a net
reduction of glacier mass. Similarly, the depth of refreezing was higher at higher altitudes, and
it reduced down-glacier owing to the increased temperature. The runoff simulated from the
glacier melt model in this study produced an R? value of 0.856 and NSE of 0.765 with the field-

measured discharge.
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