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Overview 
In recent decades, Himalayan glaciers have shrunk 

rapidly, coincident with global warming (Bolch et al., 

2012). These glaciers feed into densely populated river 

catchments, which together supply 800 million people 

with water, and glacial inputs are particularly important 

for maintaining supplies during the dry season 

(Immerzeel et al., 2010) As such, it is vital to 

understand the response of Himalayan glaciers to 

climate change, but there are large uncertainties, due 

to their high altitude, remote locations. 

 

The Bhutan-Tibet border region has received 

comparatively little scientific attention, despite housing 

dozens of large glaciers, many of which terminate in 

proglacial lakes (Richardson and Reynolds, 2000). The 

presence of a proglacial lake can strongly increase ice 

loss from its parent glacier, and also promotes faster 

ice flow (Carrivick and Tweed, 2013). The number and 

area of these lakes is expanding globally and within the 

Himalaya (Bolch et al., 2011). As such, it is important  

monitor changes in glacier dynamics and its proglacial 

lake together, to properly quantify and forecast ice loss. 

Previous studies in the Bhutan region have focused on 

a small subset of glaciers (Reynolds, 2000) and are now 

outdated (Komori 2008; Fujita et al 2012), meaning that 

there is a pressing need to assess contemporary ice loss 

and lake growth in the region. 

 

 
Figure 1: Updated classification of glacial lakes in the Bhutan / Tibet border region, following Komori 2008. 

 

In addition to accelerating glacier loss, proglacial lakes 

represent a major hazard, as they can burst and rapidly 

generate very high volume floods. These can be hugely 

destructive and the economic impacts are much 

greater in Bhutan and Nepal than elsewhere globally 

(Carrivick and Tweed, 2016). However, many risk 

assessments are generalised, and paramterise key 

characteristics that could cause a glacier lake outburst 

flood. For example, moraine steepness has been used 

as a proxy for stability (Rounce et al., 2016), but in 

reality, this will depend on a variety of other factors 

(moraine thermal structure, presence of an ice core 
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etc). This generalisation has resulted from the 

necessary reliance on remotely sensed data, and the 

lack of in-situ monitoring. It has potentially major 

consequences, as different studies use different 

approaches to parameterising these factors, and this 

can result in the same lake (e.g. Imja Tsho) being 

classified as safe (Fujita et al., 2013), and high priority 

(ICIMOD, 2011) by different studies. In countries such 

as Bhutan and Nepal, where resources are very limited, 

accurate classification of risk is essential for effective 

mediation and monitoring. 

 

The key research questions that this studentship will 

address are: 

1. How have the dynamics of glaciers in the Bhutan – 

Tibet border region changed since 2010? 

2. How do glacial changes relate to lake growth? 

3. Using a combination of new, field-based 

techniques and remote sensing, can we effectively 

monitor the factors that lead to glacier lake 

outburst floods (GLOFs)? 

4. Which risk factors can be approximated or 

parametrised using remotely sensed data, and 

which require in-situ monitoring? 

5. How would glacier lake outburst floods translate 

to downstream risk in the study area? 

 
Methodology 
Initially, new, high resolution satellite data will be used 

to determine changes in glacier dynamics in the Bhutan-

Tibet border region. Specifically, we will use a 

combination of Sentinel 1 and 2 data, and Landsat 8, to 

calculate ice velocities. The use of both optical and 

radar data will improve image availability. Pleiades data 

will be used to generate digital elevation models and 

calculate surface thinning rates. Lake area will be 

automatically classified from this imagery. 

 

Remote sensing results will be used to target the 

fieldwork on one or two glaciers, which have a higher 

GLOF risk. The fieldwork will use a range of techniques 

to conduct a detailed assessment of the factors that 

could increase the risk of a GLOF. Specifically, radar 

will be used to determine ice thickness and we will use 

repeat UAV surface to derived detailed ice surface 

elevation and velocity fields. The lake bathymetry will 

be mapped using sonar, mounted on a remote 

controlled boat, and water level will be recorded using 

ultrasonic level sensors. Landslide inputs and frequency 

will be determined using repeat SfM and time-lapse 

camera data. Thermal structure and stability of the 

moraines will be measured using the radar data, 

acoustic and seismic data. 

 

Field data will be compared to remote sensing results, 

to determine which factors can be parameterised or 

determined remotely and which need to be measured 

in-situ, for accurate hazard assessment. Finally, the field 

and remotely sensed data will be integrated to 

determine risk, using information on downstream 

human populations (e.g. infrastructure, houses, 

populations), sourced from regional government, and 

numerical modelling of glacial lake outburst flood 

volumes and routing. 

 
Timeline 
Year 1: Remotely sensed data collection and 

processing. Identification of target glaciers for 

fieldwork and fieldwork planning. 

Year 2: First field season: installation of monitoring 

equipment and data collection. Initial data analysis. 

Year 3: Second field season. Comparison with remote 

sensing data, for hazard assessment. Thesis write-up 

Year 3.5: Completion of analysis, including modelling 

based risk assessment, final thesis write-up. 

 
Training & Skills 
Training will be provided in GIS software packages, 

including ArcGIS, ERDAS, and ENVI. The student will 

learn to compile and analyse remotely sensed data from 

a variety of sources and sensors. They will be given 

training on working in high-altitude, Himalayan field 

locations: Carr and Dunning have previous experience 

of this. Training will be provided on the field equipment 

and survey design, and on the risk assessment 

component. Dunning will provide training on the lake 

outburst flood  model. 
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