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IMAGINE STEPPING OUT OF A HELICOPTER and onto the 
surface of a glacier that spans several thousand feet in elevation 
and covers an area equal to 150 football fields. The wind whips 
frigid air across the snowy surface, while the rumbling of dis-
tant avalanches grows more frequent as the day progresses. In 
the spring, after the last of the winter snow has fallen, the snow-
pack often piles 20 to 30 feet above the ice, requiring ice axes, 
crampons, and rope to safely traverse. Now, imagine scaling the 
glacier while carrying more than 100 pounds in scientific mea-
suring tools.

Three times a year, this is how a handful of National Park Service researchers 
spend their work day, embarking for the upper elevations of glaciers in the 
North Cascades and Mount Rainier national parks—not to satisfy an appetite 
for adventure, but to collect measurements for the glacier monitoring pro-
gram of the North Coast and Cascades Network (NCCN). The program is an 
ongoing effort to track the conditions of Pacific Northwest glaciers, keeping 
a watchful eye on one of the most valuable resources to mountainous ecosys-
tems and the humans who live near them—a resource that has been steadily 
receding for a century.

More than half of all the glaciers in the contiguous United States are found 
in Washington, with a majority of them contained inside the national parks 
of the NCCN. Alpine glaciers—the type found gracing mountain summits—
are massive bodies of ice that slide and ooze down-slope very slowly, melt-
ing at the surface while gaining new mass at higher elevations where snow 
is converted to ice by the pressure and cold at depth. Washington’s glaciers 
range dramatically in size, with some on Mount Rainier surpassing several 
square miles in area. Totaled between the North Cascades, Mount Rainier, 
and Olympic national parks, the network hosts more than 600 white-blue gla-
ciers, attracting sightseers and scientists from around the world.

Glaciers
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Program Objectives
1.	Monitor range of variation and trends in volume of glaciers at North Cascades National 

Park and Mount Rainier National Park.
2.	Relate glacier changes to the status of aquatic and terrestrial ecosystems.
3.	Link glacier observations to research on climate and ecosystem change.
4.	Share information on glaciers with the public and professionals.

Photo: Descending from Ingraham Flats, Mount Rainier National Park, after fall 
check of ablation stake at 11,100’. Note layers of previous years’ summer surface 
in crevasse face. NPS/Lofgren
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Glacial and polar ice composes the largest reservoir of fresh water on the 
planet, and glaciers play a monumental role in the maintenance of ecosys-
tem health. Because the Pacific Northwest receives roughly three-quarters of 
its precipitation during the winter, glacial melt-water provides an important 
buffer to aquatic systems during the warmer months when precipitation is 
scarce. Not only do aquatic animals and countless other organisms depend 
on this cache of fresh water, but humans have come to rely on it as well. In 
some streams of North Cascades National Park, glacial melt contributes up to 
50 percent of total summer stream flow. In turn, humans utilize this water to 
produce energy at hydroelectric dams, grow food in the agriculture industry, 
and provide drinking water to nearby populations.

But Washington’s glaciers are melting rapidly. In the last 100 years, the gla-
ciers in the Cascade Mountain Range have shrunk by an estimated 40 to 50 
percent. In many cases, these glaciers took many centuries to grow to their 
pre-melting size. Just since the glacier monitoring program began at North 
Cascades National Park in 1993, the park’s glaciers have lost between 10 and 
15 percent of their total volume. The glaciers monitored at Mount Rainier 
have lost more of their total volume in half that time. Also, since 1993, the 
glaciers draining into the North Cascades’ Skagit River Valley have lost a com-
bined 400 billion gallons of fresh water, equal to the entire volume that flows 
down the river in a month.

“If the public could actually see the measurements we’re seeing and see how 
the glaciers change every year, how the terminus [the bottom portion] some-
times looks like it’s falling apart or the snow field looks like it’s rotting, it just 
becomes so much more real—the impact that climate change could have,” 
said NPS biologist Rebecca Lofgren, glacier monitoring technician at Mount 
Rainier National Park.

NPS scientists use an ablation stake to measure Silver Glacier in North Cascades National 
Park. NPS/NOCA 



37

As one of the most apparent indicators of climate change, an integral habitat 
in the alpine food web, and an essential source of fresh melt-water to aquatic 
systems, glaciers are one of the most important vital signs to monitor for an 
understanding of ecosystem and park health. The glacier monitoring program 
aims to track their status indefinitely into the future, providing one of the most 
detailed sources of information on the health of glaciers in the United States.

Monitoring Strategy
“The most difficult part of monitoring glaciers is the logistics,” said NPS ge-
ologist Dr. Jon Riedel, creator and lead investigator of the glacier monitoring 
program. “It’s getting safely to the glacier, taking the measurements, and get-
ting back. But the actual measurements we take are pretty simple.”

The central goal of the glacier monitoring program is to track changes in gla-
cial mass across Washington’s Cascade Mountain Range by consistently mea-
suring a selection of sample glaciers throughout North Cascades and Mount 
Rainier national parks. It is a task easier said than done. Each spring and fall 
at North Cascades, two pairs of researchers have to wait for ideal weather 
conditions to ride a helicopter up into the higher elevations of four separate 
glaciers. Upon touching down at each one, they haul more than 100 pounds of 
measuring instruments with them, along with several days’ worth of survival 
supplies in case the weather prevents the helicopter from returning to retrieve 
them safely.

Since 1993, NPS geologists have been monitoring these four glaciers in North 
Cascades, ranging geographically from the park’s northern border with Can-
ada to the southern tip near Lake Chelan. The glaciers—Silver, Noisy Creek, 
North Klawatti, and Sandalee—were chosen based on their ease of access, 
elevation range, aspect (the facing direction), and overall surface conditions 
(slopes, ice falls, etc.). They were also selected because they drain into dif-
ferent watersheds, which allows for analysis of trends in glacier health and 
runoff from wet western valleys like Baker River to drier eastern valleys like 
Stehekin. In 2003, the program added two of Mount Rainier’s glaciers to the 
list, Nisqually and Emmons.

Pairs of researchers actually visit each glacier three times a year: The first time 
at the end of April when the last of the major snow has fallen, the second 
time during the summer melting season, and the third time near the end of 
September when the melting has ended but major snowfall has not yet begun. 
The spring and fall trips at North Cascades require helicopter trips to reach 
the high ends of the glaciers, but the middle summer trips are undertaken on 
foot. At Mount Rainier, researchers drive snowmobiles to the end of the road 
at White River Campground, before hiking to Emmons Glacier with skis or 
snowshoes.

Glaciers
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During years of heavy winter snowfall and minor summer melt, glaciers grow 
in mass. From a glacier’s perspective, this is a positive year, since it gained 
more water than it lost. When summer melting surpasses the winter’s accu-
mulation, the glacier loses mass and experiences a negative year. Following a 
series of negative years, glaciers begin to recede noticeably. In the most basic 
terms, by embarking on seasonal trips to the glaciers, the researchers seek to 
answer one question: How much did this glacier grow or shrink in mass since 
last year?

In addition to tracking net balance of these sample glaciers each year, the 
program calls for aerial photographs and additional measurements to inven-
tory their overall geometry every 10 years, and it requires an extensive inven-
tory of all glaciers within North Cascades and Mount Rainier every 20 years. 
These detailed inventories entail mapping the area, terminus position, vol-
ume and surface elevation for hundreds of glaciers. In total, the NCCN glacier 
monitoring program comprises a thorough range of goals and measurements, 
accounting for not only the long-term health of the Pacific Northwest’s gla-
ciers, but also their quantifiable contribution to the surrounding ecosystems 
through melt-water and habitat enhancement.

Data Collection
The seasonal melting of glacial ice is referred to as ablation. The summertime 
ablation of a glacier is estimated through the use of ablation stakes, a long tube 
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of interconnected PVC pipes measuring up to 40 feet in length. Along with 
ablation stakes, calculating mass balance requires a number of other measur-
ing instruments including a snow probe to measure snow depth, a snow corer 
to measure snow density, and a 50-pound, backpack-mounted steam drill for 
easily melting through snow and ice.

Upon arriving at a glacier on the spring trip, a pair of technicians will use the 
steam drill to install four or five ablation stakes into the glacier at a range of 
elevations, driving them 8 to 12 meters (25 to 40 feet) into the snow and ice. 
These stakes remain stuck deep in the glacier throughout the summer melting 
season, slowly becoming more exposed as snow and ice melts away at the sur-
face. When the researchers return to the glaciers on the fall trip, they measure 
the stakes to determine how much snow and ice melted over the summer, and 
then remove the stakes in anticipation of new snow. When they return the 
following spring, they use a GPS unit to accurately reset the ablation stakes in 
the same positions, starting the process all over again.

A pair of well-trained researchers can complete the necessary measurements 
on a single glacier in three or four hours, hiking down-slope from the highest 
ablation stake to the next. Under ideal conditions, two teams can perform the 
North Cascades spring and fall surveys in one day, with each team tackling 
two glaciers each. 

While placing the stakes in the spring, the teams also probe the snow at ap-
proximately 50 locations across the surface of the glacier to measure depths. 
These probes are made from strong, lightweight antennae of World War II-era 
Sherman tanks, prized by glaciologists worldwide. By the end of a typical melt 
season, all the snow at the glacier’s lower elevations will have melted, exposing 
and melting the ice below. Snow usually still covers the higher elevations part 
of a glacier at the end of summer, where it slowly compacts and becomes ice. 
These two distinct parts of a glacier are known as the ablation and accumula-
tion zones, respectively. The line near the middle where the snow-cover ends 
is called the equilibrium line, where winter accumulation is exactly balanced 
by summer melt.

The glacier monitoring program also tracks the surface area of each of the 
six index glaciers by analyzing aerial photographs and large-scale maps every 
ten years. Riedel has archived photographs taken by Austin Post of several 
glaciers in the Cascade Range that date back to the 1950s and 1960s, and 
photographer John Scurlock has taken a number of 21st century comparison 
photos. The significant decline in glacial mass can be viewed in side-by-side 
photos at the NCCN glacier monitoring website (http://www.nps.gov/noca/
naturescience/glacial-mass-balance8.htm). While the aerial photographs offer 
compelling evidence that glaciers are shrinking, the most important evidence 

Glaciers
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comes from the mass balance measurements. In photographic comparisons, 
a glacier could appear to maintain the same area and geometry while it still 
might have lost a significant amount of its mass through a decline in thick-
ness. Mass balance measurements are a way to learn the rest of the story.

For the remainder of the year, when the glacier monitoring crew is not pre-
paring for their seasonal trips, many of the technicians work on other re-
search programs. Jon Riedel and Mike Larrabee, however, still have plenty of 
work on their desks after they hangs up the snow goggles. For them, glaciers 
are a full-time job.

“The trips out to the glaciers are the glorious part of the job,” Riedel said, 
“but there’s a lot of report writing to do, too. You’ve got monthly summaries, 
annual summaries, budget and accounting, work plans, data management.”

Along with contributing the NCCN glacier data to the World Glacier Moni-
toring Service, a worldwide dataset of glacier information, Riedel has broad-
ened the scope of the program to include public outreach. For the last three 
years, he has given two or three public talks a month on the importance of 
glaciers and their role in the study of climate change. It has quickly become 
one of his favorite aspects of the job.

“Seeing people understand and appreciate and care is a pretty satisfying 
thing,” he said.

Current Trends
It is an undisputed fact that glaciers are receding worldwide, and the Pacific 
Northwest’s glaciers are no exception. Monitoring began at Mount Rainier in 
2003, but Nisqually and Emmons glaciers did not report a positive year until 
2010. Since the point of Nisqually’s terminus was recorded in 1910, the glacier 
has retreated more than a mile up the Nisqually Valley. Considering that sea-
sonal snowfall formed these glaciers over the course of many centuries, this 
rate of melting is nothing short of alarming.

“The numbers tend to be pretty eye-opening,” Riedel said. “You really have to 
have your head buried to not acknowledge that we’re in a period of warming 
and global climate change.”

Since 1900, the combined surface areas of glaciers in the NCCN parks have 
receded by an estimated 13,500 acres. At North Cascades National Park, the 
glaciers have not seen a positive mass year since 2002, though even that year 
was minor in magnitude compared to recent negative years. The park did see 
substantially positive years in 1997, 1999, and 2000, but the decade-long se-
ries of negative years has led to dramatic losses overall.
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This continual glacier ablation affects some watersheds severely. In the North 
Cascades, for example, glaciers contribute between 20 and 50 percent of 
Thunder Creek’s summer flow, depending on the amount of winter snowfall 
and summer melting (in low-snowfall winters, the glaciers contribute a high-
er percentage). On the other hand, glaciers contribute around 5 to 9 percent 
of Ross Lake’s total flow. Research indicates that in the last 100 years, Thunder 
Creek has suffered a decline in glacier area from 22.5 to 12.8 km², which led 
to a 30 percent decline in average glacial contribution to late summer stream-
flow. A complete loss of those glaciers would decrease late summer glacial 
buffering by an additional 20 percent or more.

“We understand that the glaciers are linked to our alpine food webs,” Riedel 
said. “They’re really not just blocks of ice. They’re not only providing water—
they’re providing cold water, so that’s where you get good bull trout habitat. 
We have endangered trout and salmon in the Skagit Valley. Sustaining and 
helping rebuild these populations is really compromised if the amount of wa-
ter at that critical summer life stage is decreasing.”

The University of Washington’s Climate Impacts Group anticipates the Pacific 
Northwest’s annual temperatures to rise at an accelerated rate as we progress 
into the 21st century. Glaciers serve as natural warning beacons, precursors 
of potentially devastating climate change. Because of their roles both ecologi-
cally and economically, the continued monitoring of glaciers is absolutely es-
sential to understanding and responding to the changes in our environment.

Forbidden glacier shows dramatic changes between 1960 and 2005 (Photo courtesy of 
John Scurlock). 

Glaciers
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Contact Information

Science Learning Network
Dr. Jerry Freilich, OLYM  	 jerry_freilich@nps.gov  		  360-565-3082	  
Michael Liang, NOCA		  michael_liang@nps.gov		 360-854-7305
Dean Butterworth, OLYM	 dean_butterworth@nps.gov	 360-565-3146

Inventory and Monitoring	  
Dr. Mark Huff, MORA		  mark_huff@nps.gov		  253-306-4473

Landscape Dynamics
Dr. Catharine Thompson, OLYM  	 catharine_thompson@nps.gov  	 360-565-2979

Natalya Antonova, NOCA 	 natalya_antonova@nps.gov  	 360 854-7312

Climate
Bill Baccus, OLYM  		  bill_baccus@nps.gov  		  360-565-3061
Rebecca Lofgren, MORA	 rebecca_a_lofgren@nps.gov	 360-569-6752

Mike Larrabee, NOCA  		  mike_larrabee@nps.gov   	 360-854-7333

Mountain Lakes
Dr. Steven Fradkin, OLYM  	 steven_fradkin@nps.gov  	 360-928-9612
Reed Glesne, NOCA 		  reed_glesne@nps.gov  		  360-854-7315

Barbara Samora, MORA 	 barbara_samora@nps.gov  	 360-569-2211 x3372

Glaciers

Dr. Jon Riedel, NOCA  		  jon_riedel@nps.gov  		  360-854-7330

Landbirds
Dr. Patti Happe, OLYM 		  patti_happe@nps.gov   		 360-565-3065

Robert Kuntz, NOCA	  	 robert_kuntz@nps.gov   	 360-854-7320

Intertidal

Dr. Steven Fradkin, OLYM 	 steven_fradkin@nps.gov  	 360-928-9612

Forest Vegetation
Dr. Steve Acker, OLYM	   	 steve_acker@nps.gov  		  360-565-3073
Mignonne Bivin, NOCA	 	 mignonne_bivin@nps.gov  	 360-854-7335

Lou Whiteaker, MORA	  	 lou_whiteaker@nps.gov  	 360-569-2211 x3387

Fish Populations
Sam Brenkman, OLYM	  	 sam_brenkman@nps.gov  	 360-565-3081

Elk
Dr. Patti Happe, OLYM	  	 patti_happe@nps.gov   		 360-565-3065



88 VITAL SIGNS MONITORING: OVERVIEWS 

MOUNTAIN LAKES
Glesne, R.S., S. C. Fradkin, B.A. Samora, 
R.E. Holmes and B.A. Christoe. May 2010 
NCCN Draft Mountain Lakes Protocol: 
2011. Protocol for long term monitoring 
of mountain lakes in the North Coast 
and Cascades Network of National Parks. 
Natural Resource Report NPS/NCCN/
NRR—2011/000. National Park Service, 
Fort Collins, CO.

National Park Service Inventory & 
Monitoring Program. Mountain Lakes 
Monitoring. http://science.nature.nps.gov/
im/units/nccn/vs/mountain_lakes/moun-
tain_lakes.cfm

National Park Service. 2010 Resource Brief 
Annual. http://nwparkscience.org/  

GLACIERS
Granshaw, F.D. 2001. Glacier Change 
in the North Cascades National Park Com-
plex, Washington State USA, 1958-1998. 
Master’s Thesis, Portland State University. 
Portland, OR.

GreenFacts.org. Scientific Facts on Water 
Resources. http://www.greenfacts.org/en/
water-resources/index.htm#2

National Park Service. North Cascades 
National Park Glacier Monitoring Program 
website. http://www.nps.gov/noca/na-
turescience/glacial-mass-balance1.htm

Riedel, J. L., R. A. Burrows, and J. M. 
Wenger. 2008. Long term monitoring of 
small glaciers at North Cascades National 
Park: A prototype park model for the 
North Coast and Cascades Network, 
Natural Resource Report NPS/NCCN/
NRR—2008/066. National Park Service, 
Fort Collins, CO.

Riedel, J. L., J. M. Wenger, and N. D. 
Bowerman. 2010. Long term monitor-
ing of glaciers at Mount Rainier National 
Park: Narrative and standard operating 
procedures version 1.0. Natural Resource 
Report NPS/NCCN/NRR—2010/175. Na-
tional Park Service, Fort Collins, CO.

LANDBIRDS
Institute for Bird Populations. http://www.
birdpop.org/

National Park Service Inventory and 
Monitoring program. North Coast and 
Cascades Network landbirds information. 
http://science.nature.nps.gov/im/units/
nccn/vs/landbirds/landbirds.cfm

Point Reyes Bird Observatory. Oregon and 
Washington Partners In Flight. Bird Popu-
lation information. http://cain.ice.ucdavis.
edu/prbo/orwapif/

Siegel, R. B., R. L. Wilkerson, and R. 
C. Kuntz II. 2008. North Coast and 
Cascades Network landbird monitoring 
report for the 2007 field season. Natural 
Resource Technical Report NPS/NCCN/
NRTR—2008/114. National Park Service, 
Fort Collins, CO.

Siegel, R. B., R. L. Wilkerson, and R. C. 
Kuntz II. 2009. Landbird monitoring in 
the North Coast and Cascades Network. 
Report for the 2006 pilot field season. 
Natural Resource Technical Report NPS/
NCCN/NRTR—2009/168. National Park 
Service, Fort Collins, CO.

Siegel, R.B., Wilkerson, R.L., Jenkins, K.J., 
Kuntz II, R.C., Boetsch, J.R., Schaberl, 
J.P., and Happe, P.J., 2007, Landbird 
monitoring protocol for national parks in 
the North Coast and Cascades Network: 
U.S. Geological Survey Techniques and 
Methods 2–A6, 200 p.

United States Geological Survey. Breeding 
Bird Survey. http://www.pwrc.usgs.gov/
BBS/

Wilkerson, R. L., R. B. Siegel, and R. 
C. Kuntz II. 2009. North Coast and 
Cascades Network landbird monitoring: 
Report for the 2008 field season. Natural 
Resource Technical Report NPS/NCCN/
NRTR—2009/222. National Park Service, 
Fort Collins, CO.




