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Abstract 
 

Mount Rainier, Washington is the tallest of multiple glacier-clad volcanic peaks within the 

Cascade Range and it contains the most glacial ice. Glaciers are the headwaters for numerous 

rivers emanating from Mount Rainier, many of which flow into the Puget Sound approximately 

60 km (37 mi) away. Glaciers on Mount Rainier have unleashed damaging outburst floods 

(jökulhlaups) in the past, often without warning. Previous observations indicate an empiric link 

between changing glacial velocities and glacial outburst flood hazards.  

 

This study explores whether the surficial velocity field of the Nisqually glacier is changing and 

whether ice velocity fluctuations indicate a change in glacial outburst flood potential. Numerous 

sites on the lower Nisqually glacier were surveyed weekly during late summer/early fall of 2011 

and 2012. The surficial velocity field of the lower 1 km2 (0.4 mi2) of the glacier was calculated 

from repeated measurements. Between 2011 and 2012, observed velocities in the upper portions 

of the study area increased while the lower portions of the glacier slowed or remained the same. 

Shortly after the on-glacier study concluded, a small glacial outburst flood was released from the 

glacier during a minor rain event. 

 

Our work contributes to the understanding of glacial outburst floods and provides evidence that 

changing ice velocities precede outburst floods. Further study of glacial velocity fields could 

provide a predictive methodology for glacial outburst floods in similar terrain. These results are 

critical for employee, visitor, and infrastructure protection in dynamic environments such as that 

at Mount Rainier. 
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Introduction 
 

Mount Rainier, an active volcano located within Mount Rainier National Park (MORA) in 

Washington State, is the tallest of a number of glacier-clad volcanic peaks within the Cascade 

Range. Standing at 4,392 m (14,411 ft) and having 29 named glaciers (Beason 2017a), it 

contains approximately 4.4 km3 (1 mi3) of ice Ƅ more glacial ice than any other single peak in 

the continental United States (Driedger and Kennard, 1986), and more than all the other Cascade 

volcanos combined. 

 

Glaciers are the headwaters for a number of rivers emanating from Mount Rainier, and most flow 

into the Puget Sound approximately 60 km (37 mi) away. Glaciers on Mount Rainier have 

unleashed damaging outburst floods (jökulhlaups) in the past, often without warning. The 

Nisqually Glacier is the largest south-facing glacier on Mount Rainier and it is the source for the 

Nisqually River, which parallels much of the main access road into the Park. Longmire, the 

principal worker and visitor center within the park, is also immediately adjacent to the Nisqually 

River. Park management is concerned with flooding risks, including glacier outburst floods to 

both the road and to Longmire. 

 

The Nisqually Glacier has one of the longest histories of scientific examination of any glacier in 

the United States (Heliker and others, 1984), in part due to its proximity to park roads and trails. 

The 1st recorded observation of the glacier terminus was in 1857, and since then numerous 

research efforts have maintained the continuity of long-term records. For example, 

measurements of ice-surface elevations started in 1931, and continue to this day (Stevens and 

others 2016). The Nisqually glacier is of particular interest to the park due to its influence on the 

Nisqually River. 

 

For hazard purposes, the park has sought to identify the watersheds susceptible to glacier 

outburst flooding, and the physical and climatic controls to jökulhlaup initiation. To this end, the 

park has done internal studies, collaborated with area universities (University of Washington, 

Portland State University, and Oregon State University) on multiple projects, and tracked other 

independent university analyses. These projects are listed in the Further Research section of this 

report. 

 

As part of the larger hazard project, this subject project examines glacier velocity and outburst 

flood hazards at the park. In it, we measured the surficial velocity of the lower 1 km2 (0.4 mi2) of 

the Nisqually Glacier (Figure 1) during two summers (2011 and 2012) in an attempt to identify 

whether the ice was changing in velocity and whether or not a potential, measurable fluctuation 

in velocity could be used as a predictor for glacial outburst flood hazard. Paul Kennard is the 

principal investigator for this project, and Laura Walkup is project manager. 

 

At Mount Rainier, there is an empirical correlation between retreating glaciers and stagnant ice 

with glacier outburst floods. Specifically, the lower portions of the glaciers were often stagnant 

when outburst floods occurred. The connection between stagnant ice and jökulhlaups is seen 

most clearly with South Tahoma glacier and Tahoma Creek. Of the 32 debris flows and outburst 

floods that have occurred there since 1967 (compiled in Beason, 2019), almost all originated as 

glacier outburst floods (Walder and Driedger 1995). In fact, the initial massive 1967 jökulhlaup 
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exited from glacier at about 7,000 feet elevation, and physically severed the upper glacier from 

the lower half, which then became stagnant (National Park Service 2018). Additionally, a 

significant mechanism facilitating the bulking up of jökulhlaups and transforming into debris 

flows is entrainment of sediment as the flows incised stagnant ice (Walder and Driedger 1994). 

 

However, the stagnant ice ï outburst flood relationship is not clear with the Nisqually glacier. 

SklovenȤGill and Fountain (2015) found ñno obvious correlationò with stagnant ice and outburst 

floods. To investigate this, they used ice elevation measurements (Heliker and others 1984) as a 

surrogate for ice activity. They attributed the difficulty in making a definitive determination 

either way on the relationship of stagnant ice and outburst flooding on insufficient data. In 

particular, they noted a lack of information on the extent and duration of dead ice; and an 

incomplete record of outburst floods on the Nisqually (SklovenȤGill and Fountain 2015). 

SklovenȤGill and Fountain (2015) did note that the largest and most destructive outburst flood 

(1955) on the Nisqually, discussed below, occurred during a period of documented stagnant ice 

(USGS 1978). 

 

Past research indicates that the lower Nisqually glacier has displayed a range of seasonal 

velocities throughout its measurement history (Table 1). Seasonal velocity variations are most 

likely attributed to alterations in glacier sliding, driven by englacial and subglacial hydrology 

changes (Fountain and Walder 1998, Hodge 1978, and Allstadt and others 2015). 

As discussed earlier, empiric evidence suggests that glacial outburst floods or jökulhlaups at 

Mount Rainier tend to occur when large amounts of stagnant ice are present in the lower glacier. 

Additionally, Hodge (1974) found that the summer ice velocity of the Nisqually glacier increased 

measurably in the vicinity of the equilibrium line altitude (ELA), while slowing occurred toward 

the terminus relative to the previous summer just prior to the 1970 glacier outburst flood. He 

proposed that observed variations in ice velocity were correlated with the amount of liquid water 

temporarily stored within the glacier. This suggests that the presence of englacial water leads to 

faster ice velocities and a higher potential for outburst floods, while the absence of large 

quantities of englacial water is associated with slower glacial flow and fewer outburst floods. 

Long-term annually-repeating glacial velocity measurements of the lower glacier could prove to 

be a powerful tool in the prediction of potentially devastating glacial outburst floods. 

 

Several major, damaging glacial outburst floods have been released from the Nisqually Glacier 

since the 1920ôs, along with many smaller outburst events (e.g. figure 2b). The floods of 1926 

and 1934 damaged the bridge below the glacial terminus, and the floods in 1932 and 1955 

destroyed it (Hodge, 1972). The largest recorded outburst flood on the Nisqually occurred in 

1955. This was the largest known Nisqually glacier discharge (Nelson 1987), and the only time 

the historic work and visitor center at Longmire was inundated with flood waters (figure 2c). In 

addition, much of the main access road, which is also the parkôs only year-around road, parallels 

the Nisqually River, putting park access and anyone on the road at risk in the event of a major 

glacial outburst flood from the Nisqually Glacier (e.g. figure 2d). 

 

Historic accounts of glacial outburst floods include observations that the outburst can occur 

above the terminus of the glacier (Richardson, 1968) (figure 2a). This is consistent with an 

origination point at the interface between active and stagnant ice. This style of outburst flood has 

been known to sweep the surface glacial ice clean of debris. 
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Figure 1. Location map showing the study area extent. The Nisqually Glacier is the largest south-facing 
glacier on Mount Rainier. The study area extends from just above the 2011-2012 terminus, approximately 
1,580 m (5,180 ft), up to about 2,190 m (7,180 ft), well above the seasonal ELA. The area surveyed is 
approximately 1.0 km2 (0.4 mi2). 

 

Our work contributes to the understanding of glacial outburst floods and provides an additional 

line of evidence that changing ice velocities precede outburst floods. Further study of glacial 

velocity fields could provide a predictive methodology for glacial outburst floods in similar 

terrain. These results are critical for employee, visitor, and infrastructure protection in dynamic 

environments such as that at Mount Rainier. 
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Table 1. Historic velocity data for the Nisqually Glacier. 
 

Survey Interval Location on Glacier 
Maximum Measured 
Velocity (mm/day) 

Minimum Measured 
Velocity (mm/day) 

Data Source 

June 2012 1,900 m 500 Ƅ Allstadt and 
others, 2015 Nov. 2012 1,900 m 260 Ƅ 

June 2012 Near Terminus 2 Ƅ Allstadt and 
others, 2015 Nov. 2012 Near Terminus 1 Ƅ 

June-Sept 1968 
Near ELA 380 210 Hodge, 1974 

Near Terminus 146 88 Hodge, 1974 

May ï Sept 1969 
Near ELA 460 340 Hodge, 1974 

Near Terminus 130 68 Hodge, 1974 

May 1970 
Near ELA 740 660 Hodge, 1974 

Near Terminus 77 68 Hodge, 1974 

 

 

 
 
Figure 2. Historic Outburst Flood photos. A (top left): Photo taken in 1939 showing a ñsurgeò of water 
pouring over the face of the Nisqually Glacier. B (bottom left): Photo of a debris flow initiated by a glacial 
outburst flood on Tahoma Creek, Mount Rainier National Park. C (top right): Photo of the Longmire 
maintenance area inundated during a glacial outburst flood in 1955. D (bottom right): Photo showing 
























































