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Overview 
 

Mountain glaciers and ice caps currently dominate the 

cryosphere contribution to sea level rise, and this is 

forecast to continue during the 21st Century (IPPC, 

2013). As such, understanding their response to 

climate change is vital for accurate sea level rise 

prediction. New Zealand’s glaciers are particularly 

sensitive to climate change and are amongst the world’s 

most responsive glaciers to climate forcing (Anderson 

and Mackintosh, 2012). Due to this responsiveness, 

these glaciers provide a unique opportunity to 

understand glacier response on annual and decadal 

timescales, which in turn is highly relevant for sea level 

rise prediction.  

In addition to responding rapidly to anthropogenic 

climate change, New Zealand’s glaciers are also 

strongly influenced by the El Niño-Southern Oscillation 

(ENSO). During El Niño years, New Zealand 

experiences cooler and wetter conditions, which lead 

to a state of positive mass balance (Purdie et al., 2008). 

Conversely, La Niña creates warmer and drier 

conditions, and therefore promotes a more negative 

mass balance.  

It is important to separate out the effects of ENSO 

variability from longer-term climate change to forecast 

glacier mass balance. In particular, 2015 was an 

extreme El Niño year, but its impact on New Zealand 

glacier mass balance is largely unknown. Furthermore, 

it is unclear how a series of extreme El Niño or La Niña 

years could affect the longer-term mass balance trend 

in New Zealand. 

Previous research on New Zealand glaciers has tended 

to focus largely on Franz Josef Glacier (Purdie et al., 

2008). However, mass balance changes may also 

influence the larger lake-terminating glaciers on the 

opposite side of the Main Divide. These glaciers have 

retreated rapidly in recent years (e.g. Robinson et al., 

2012) and are likely to be strongly influenced by their 

proglacial lakes. However, it remains unclear whether 

any ENSO signal can be seen in their behaviour, or 

whether they are largely decoupled from short-term 

climate variations.  

 

The key research questions that this studentship will 

address are: 

 

1. How have the dynamics (surface elevation, ice 

velocities, terminus position) of New Zealand 
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glaciers evolved since 2010 and how do these 

patterns compare to long-term changes? 

2. How did the 2015 El Nino event impact glacier 

mass balance? Can we see any impact of ENSO 

cycles on lake-terminating outlet glaciers, or 

are they now disconnected from this short-

term climate forcing? 

3. How do extreme ENSO events influence 

glacier mass balance and does this have a net, 

longer-term effect?  

4. What, if any, are the potential tipping points 

within these systems? 

 

 
Methodology 
 

The project will involve both remote sensing and 

fieldwork on New Zealand glaciers. 

 

New and high resolution satellite imagery will be used 

to assess in detail the recent changes in New Zealand 

glacier dynamics. Specifically, the project will use 

Sentinel 1 and 2 imagery to compile a comprehensive, 

high resolution dataset of recent ice velocity change. 

Pleiades imagery will be used to generate high-

resolution DEMs to assess surface elevation change. 

Terminus position fluctuations will be delineated from 

this imagery. This will be combined with information on 

the ENSO state and local meteorological records to 

assess the impact of the 2015 event on ice dynamics. 

Satellite imagery will be supplemented with Unmanned 

Aerial Vehicle (UAV)-derived DEMs, collected during 

fieldwork. 

 

Numerical modelling will be used to assess the 

sensitivity of New Zealand glaciers to ENSO events. 

Specifically, we will test the response of glaciers to 

individual extreme events (recent El Niño and La Niña) 

and a sequence of events, to determine how this could 

affect longer term mass balance and interact with 

human induced warming. This will be done for Fox and 

Franz Josef glaciers (highly sensitive glaciers) and an 

additional lake-|terminating glacier, to determine how 

their sensitivity varies. This component will be done 

with a state-of-the-art 2hd model, developed by Dr. 

G.H. Gudmundsson. This model has proven effective 

for similar applications elsewhere (e.g. De Rydt at al., 

2016).  

 

This modelling component of the project will include a 

collaboration with Prof. G. Hilmar Gudmundsson, 

Northumbria University, Newcastle.  

 

 
Timeline 
 

Year 1: Remotely sensed data collection and 

processing; undertake fieldwork season 1. 

Year 2: Data analysis and initial numerical modelling. 

Year 3: Numerical modelling of key glaciers; undertake 

fieldwork season 2. 

Year 4 (six months only): Completion of analysis and 

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 

specific, focused training on the use of the numerical 

model by Dr. G. H. Gudmundsson who has written and 

developed the model. The model is written in Matlab 

and so the student will be given training in the use of 

this software. 
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