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Godley glacier and river in New Zealand’s Southern Alps  
Image credits: Bruce Soper (TL Survey Services, Dunedin) 

 
Glaciers, popularly thought of as rivers of ice, are 

“sentinels” of climate change — stable and persisting 

over centuries, they slowly respond to 

environmental changes. So, measuring fluctuations 

in glaciers provides a great way to estimate the long-

term effect of changing climate. Diminishing or even 

disappearing glaciers dramatically change the 

appearance and the functioning of landscapes and 

the resultant meltwater that is relatively cold and 

sediment-rich affects river and coastal ecosystems. 

 

Our ability to measure glaciers’ geometric changes 

(length, area and thickness) over centuries comes 

from landforms deposited and preserved from 

former glacier advance. The last widespread glacier 

advance occurred during the Little Ice Age, which 

was 200 to 500 years ago. Numerous studies have 

reported length and area reductions of glaciers since 

the Little Ice Age, but few studies have considered 

glacier volumes and, in particular, Southern 

Hemisphere locations are relatively poorly-explored.   

 

Glaciers across the Southern Alps of New Zealand 

significantly affect natural hazard processes such as 

landslides and floods and control river water level 

and temperature. Despite the exceptionally dynamic 

nature of the New Zealand landscape due to the 

interplay of tectonics, geology, climate and 

glaciation, there remain impressive landforms, 

especially ridges of moraine — boulders and 

sediment deposited at the margin of glaciers when 

they were bigger. These moraines prompted our in-
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depth investigation because these characteristic 

geological features record not only past glacier 

extent, but also its behavior. 

 

In this study, we used high-resolution aerial 

photography and satellite images to map the areal 

extent of glaciers across the Southern Alps. We 

developed our interpretations using sites where 

Little Ice Age glacier extents had previously been 

identified and dated from moraine ridges on valley 

sidewalls. We then applied our interpretations in 

neighboring valleys, ultimately determining the 

extent of 400 glaciers at the Little Ice Age, many of 

which were once coalesced parts of multiple small 

glaciers that persist today. Using a digital elevation 

model, we determined the elevation of our Little Ice 

Age glacier margins and interpolated a surface 

between them. The difference between our Little Ice 

Age surface and the modern ice elevation gave us an 

estimate of the lowering of each glacier that has 

occurred and thus of the volume lost for each glacier 

since the Little Ice Age. 

 

Mindful of the uncertainty in our estimates, we 

calculated that between 41% and 62% of the 

Southern Alps Little Ice Age total ice volume has 

been lost. That amount was unexpected given that 

Patagonia has lost only 11% of ice since the Little Ice 

Age, for example. It most likely demonstrates that 

Southern Alps glaciers have faster response times, 

although it might also reflect a faster-changing 

climate across New Zealand than across South 

America. We also found that the rate of loss has 

nearly doubled when comparing the period from the 

Little Ice Age to 1970s with the last decade. A 

doubling in mass loss of mountain glaciers in recent 

decades, due to the accelerating global warming, has 

been identified in several other world regions such 

as Iceland, the European Alps, and parts of coastal 

Greenland. 

 

We conclude that today’s rates of glacier ice loss 

across the Southern Alps in New Zealand are the 

highest ever in the last millennium. In other words, 

climate is rapidly changing, and that both the glaciers 

and the mountain landscape are experiencing major 

threats. They are unable to quickly adapt to the 

robust changes and to remain stable, as glacier ice 

diminishes, snow cover declines, permafrost melts 

and water and sediment are released down valley. 

Glacier ice in the Southern Alps has now become 

restricted to higher elevations and to large debris-

covered parts terminating in lakes. National parks 

and environmental conservation groups, water 

resource managers, natural hazard authorities and 

the public should all be aware of the consequences 

of such a rapidly changing climate on landscape to 

get prepared for future climate-related hazards. 

 


