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Figure 1.  Satellite imagery showing the 
extent of Sperry Glacier on September 8, 1960 
(yellow line) and September 7, 2014 (red line). 
(Data from McNeil and others, 2019a)
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Glacier Retreat in Glacier National Park, Montana
Introduction

The volume of land ice on Earth is 
decreasing. The glaciers in Montana’s Glacier 
National Park (GNP) have decreased in num-
ber, area, and volume since the park’s establish-
ment in 1910 (Martin-Mikle and Fagre, 2019).

Glacier ice loss has measurable conse-
quences. For example, the loss of glaciers can 
alter aquatic habitats because glaciers provide 
cold freshwater to alpine streams during late 
summer months when streamflow is otherwise 
low (Clark and others, 2015). Some aquatic 
species rely on this addition of cold water to 
survive (Giersch and others, 2016). Another 
example of the measurable consequence of 
land ice loss is sea level rise. Globally, small 
glaciers like those in GNP are numerous 
enough that their melt can contribute measur-
ably to rising sea levels around the world 
(Bahr and Radić, 2012).

Scientists, including U.S. Geological 
Survey (USGS) scientists, study glacier retreat 
using a variety of methods. Repeat photogra-
phy provides an objective, qualitative account 
of historical glacier change. Remote sens-
ing products (fig. 1) and field measurements 
(fig. 2) yield quantitative data that inform 
models and other analyses (for example, 
Brown and others, 2010).

Figure 2.  A snow core collected to 
measure snow density on Sperry Glacier, 
GNP. (Photograph by Adam Clark, USGS)

Figure 3.  The sharply crested hill in the 
foreground is a glacial moraine deposited at 
the Little Ice Age glacial maximum.  
(Photograph by John Scurlock, USGS)

Background
At the Last Glacial Maximum (approxi-

mately 20,000 years ago), GNP was almost 
entirely encased in ice, with glaciers filling 
mountain valleys and extending onto the plains 
(Carrara, 1989). All but the tallest peaks were 
covered by glaciers. Geologic evidence sug-
gests that by approximately 11,500 years ago, 
the GNP landscape was nearly ice free (Porter 
and others, 1983). Lake sediment records sug-
gest that, since approximately 6,500 years ago, 
small glaciers have been present and active 
(Munroe and others, 2012).

Comprehensive mapping of glacial 
moraines (fig. 3) indicates that there were 146 
small mountain glaciers in GNP at the Little 
Ice Age glacial maximum near the mid-19th 
century (Fagre and Martin-Mikle, 2019). 
Since then, every glacier has decreased in area 
(Fagre and others, 2017). The rate of retreat, 
however, is not uniform across GNP glaciers, 
likely because of variations in glacier geom-
etry, elevation, ice thickness, wind effects on 
snow, snow avalanches (fig. 4), and shading 
(Florentine and others, 2018).

How Is the U.S. Geological Survey 
Assessing Glacier Ice Mass?

GNP contains Sperry Glacier (fig. 5), 
one of the glaciers closely monitored by the 
U.S. Geological Survey Benchmark Glacier 
Project. This project conducts glaciological 
research that gathers field-based data from 
select glaciers across North America. These 
records act as a “finger on the pulse” of 
glacier change across the United States and 
are some of the longest direct measurement 
records on Earth (Baker and others, 2018; 
O’Neel and others, 2019).

GNP is located near the southern edge 
of glacierized regions of North America. The 
decrease of glaciers since the end of the Little 
Ice Age is due to both natural and human-
caused climate change (Marzeion and others, 
2014). The multidecadal retreat of GNP 
glaciers doesn’t necessarily mean that every 
glacier retreats every year. Field measurements 
collected at stakes installed on the ice (fig. 6) 
show that Sperry Glacier gains mass during 
some years (Clark and others, 2017). However, 
occasional years of mass gain (2008, 2011, 
2012, 2016) are not enough to offset the multi-
year mass loss that has been measured since 
2005 (McNeil and others, 2019b).

Conclusion
The amount of Earth’s land ice that will 

be lost in the future, and the timing of that loss, 
depends on the future trajectory of greenhouse 
gas emissions (for example, Aschwanden and 
others 2019; Bosson and others, 2019). Because 
the glaciers in GNP are small, however, their 
future is more certain and will include continued 
retreat and mass loss. Ongoing glaciological 
research will refine our ability to understand 
and forecast these physical changes and their 
downstream consequences.
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Figure 4.  Photograph of snow avalanche 
debris on Sperry Glacier.  
(Photograph by Karen Milone, USGS)

Figure 5.  Map showing the USGS 
Benchmark Glaciers (black squares) that 
span glacierized regions (blue) of North 
America. (Glacier extent data from the RGI 
Consortium, 2017)

Figure 6.  Photograph of Sperry Glacier in 
GNP with field measurement sites indicated 
by red dots. One site (shown by X) has been 
abandoned as it is no longer located on ice. 
(Photograph by Adam Clark, USGS)
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