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1: Glacier's Avalanche Cycles: Past, Present, and Future (U.S. National Park Service)
Visit us at www.enganchecubano.com Glacier National Park Glaciers: Past, Present and Future Glacier National Park is
located in the northwest corner of Montana, and is well known for its numerous alpine glaciers that are found throughout
the park.

The Blue Glacier, a 2. The glaciers of the Olympic Mountains and the neighboring Cascades helped sculpt the
wild, beautiful landscape that attracts millions of visitors to Olympic, North Cascades and Mount Rainier
National Parks. They comprise the most glaciated area of the United States outside of Alaska. Their meltwater
combines with annual snowpack to feed rivers, forests and lowland communities en route to the sea, and
nurture cold-water-loving fish like salmon and bull trout. The yawning crevasses challenge climbers who use
ropes, crampons and ice axes to ascend the high peaks. They have had a powerful role in the past but also offer
insights into our future. Continental ice sheet at its maximum extent, approximately 15, years ago. Glaciers of
the Past Over thousands of years gravel embedded in glacial ice has carved away at Olympic rock as the
glaciers flow downhill, leaving behind smoothed rocks, sharp ridges and lake-filled basins. In the fastest
sections, the Blue Glacier is moving about 3 feet a day. At the top, glacial ice eats away at the mountain
embracing it, eventually carving a bowl-like cirque where lakes often form. Continental Glaciers These huge
ice sheets spread from the north during the last ice age. The westernmost ice sheet split when it hit the
Olympic Mountains, one lobe flowing out what is now the Strait of Juan de Fuca, the other lobe through what
is now Puget Sound. At its thickest the ice sheet was more than 3, feet 1, m thick. By about 14, years ago the
ice retreated, leaving behind rounded foothills, a rugged mountainous core and an isolated peninsula with
saltwater on three sides. Comparison photographs show thinning and retreat of the Blue Glacier on Mount
Olympus. Olympic National Park archives Each year feet m of snow can fall on Mount Olympus, feeding the
Blue and other glaciers on its flanks. The Blue Glacier is one of the most studied glaciers in the world. For
decades researchers have been observing, photographing, and measuring the glacier to read the stories written
on its icy pages. The Climate Story Told in Ice Because they grow or shrink in response to snowfall and
snowmelt, glaciers are sensitive indicators of changes in regional and global climate. To grow, a glacier must
receive more snow in winter than melts or evaporates the following summer. If more melts than accumulates,
a glacier will shrink. Olympic is no different; in fact temperatures at higher elevations and latitudes are
warming the fastest. As a result, more of the precipitation that used to fall as snow, feeding the glaciers, is now
falling as rain. Comparison photographs illustrate that the Lillian Glacier disappeared completely between and
In an area known for its rain, summers are actually quite dry. Glacier melt is an important part of maintaining
summer flows for aquatic life that depends on these lifelines. In , the park had glaciers; in there were
Comparison photographs clearly show glaciers in retreat. The terminus bottom end of the Blue Glacier
retreated about feet m in the 20 years from For example, surface measurements revealed Blue Glacier
terminus lost feet 55 m of thickness between and Even the snowier upper glacier lost feet m. These critical
and beautiful rivers of ice have shaped and adorned the Olympic Mountains for millennia, but have rapidly
shrunk in just decades, stark evidence of the ongoing impact of human-driven climate change. Their ice is an
essential resource for creatures from tiny ice worms found only on glacial ice, to steelhead and salmon
returning up snow and ice-fed rivers, and even to humans living downstream or climbing to the icy heights.
The data and photographs are clear. Comparison photographs show the dramatic retreat of Anderson Glacier.
Byron Adams Links for more Information See links below for how you can help or to learn more about glacier
and climate change studies.
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Peitzsch is part of the USGS Climate Change in Mountain Ecosystems program, based in Glacier National Park. Small
but widely known, the group studies the park's melting glaciers and other ice features, and monitors climate change
impacts in the alpine.

Multimedia Climate change research in Glacier National Park, Montana entails many methods of documenting
the landscape change, including the decline of the parks namesake glaciers. While less quantitative than other
high-tech methods of recording glacial mass, depth, and rate of retreat, repeat photography has become a
valuable tool for communicating effects of global warming. With evidence of worldwide glacial recession and
modeled predictions that all of the parks glaciers will melt by the year , USGS scientists have begun the task
of documenting glacial decline through photography. The striking images created by pairing historic images
with contemporary photos has given global warming a face and made climate change a relevant issue to
viewers. The images are an effective visual means to help viewers understand that climate change contributes
to the dynamic landscape changes so evident in Glacier National Park. We began searching for historic
photographs of glaciers in the vast collection that spans over a century. Many high quality photographs exist
from the parks early photographers such as Morton Elrod, T. Hileman, Ted Marble, F. Matthes, and others
who scoured the park to publicize its beauty and earn their livings. Copies of the historic photos were taken in
the field to help determine the exact location of the original photograph. Photographing the glaciers cannot
occur until the previous winters snow has melted on the glacial ice and when air quality conditions are
considered at least good. This creates a narrow window in the northern clime of Glacier National Park where
smoke from forest fires prevented photography on many occasions in the past few years. Since over eighty
photographs have been repeated of twenty different glaciers. In fact, only 26 named glaciers presently exist of
the glaciers present in and those that do are mere remnants of their previous size. Other glaciers, such as
Piegan Glacier, have remained visibly unchanged as a result of their north- northeast aspect and tendency to
accumulate wind deposited snow along the Continental Divide. The photos of Piegan Glacier though, record
dramatic change in foreground vegetation in response to climate change factors such as change in wildfire
frequency and infestation of white pine blister rust. Close inspection of the photo pairs in this collection reveal
many changes on a more subtle level than the obvious size reduction in glacial ice see what changes you can
detect. Map showing glaciers re-photographed by USGS since The red dots on this map represent selected
repeat photographs of glaciers taken throughout Glacier National Park. Click on the corresponding glacier
from the menu at right to view photographs. Click on map for larger version. The red dots on this map
represent selected repeat photographs of glaciers taken throughout Glacier National Park, Montana. You can
click on the image to access download options.
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Since these rivers of ice are critical resources, in Olympic National Park did a new glacier inventory examining surface
area as well as elevations of larger glaciers to calculate the volume of ice loss and impacts on the park's glacial-fed
rivers.

History[ edit ] Blackfeet camp at Upper St. Mary Lake circa [10] According to archeological evidence, Native
Americans first arrived in the Glacier area some 10, years ago. The earliest occupants with lineage to current
tribes were the Flathead Salish and Kootenai , [11] Shoshone , and Cheyenne. The Blackfeet arrived around
the beginning of the 18th century and soon dominated the eastern slopes of what later became the park, as well
as the Great Plains immediately to the east. Today, the Blackfeet Indian Reservation borders the park in the
east, while the Flathead Indian Reservation is located west and south of the park. When the Blackfeet
Reservation was first established in by the Lame Bull Treaty, it included the eastern area of the current park up
to the Continental Divide. To the Blackfeet, the mountains of this area, especially Chief Mountain and the
region in the southeast at Two Medicine , were considered the "Backbone of the World" and were frequented
during vision quests. Far away in northwestern Montana, hidden from view by clustering mountain peaks, lies
an unmapped cornerâ€”the Crown of the Continent. In George Bird Grinnell hired noted explorer and later
well regarded author James Willard Schultz to guide him on a hunting expedition into what would later
become the park. In Grinnell wrote a description of the region in which he referred to it as the "Crown of the
Continent". His efforts to protect the land make him the premier contributor to this cause. Stimson and two
companions, including a Blackfoot, climbed the steep east face of Chief Mountain in In an effort to stimulate
use of the railroad, the Great Northern soon advertised the splendors of the region to the public. The company
lobbied the United States Congress. In the park was designated as a forest preserve. Meanwhile, proponents of
protecting the region kept up their efforts. Stimson , and the railroad, a bill was introduced into the U.
Congress which redesignated the region from a forest reserve to a national park. While the designation of the
forest reserve confirmed the traditional usage rights of the Blackfeet, the enabling legislation of the national
park does not mention the guarantees to the Native Americans. It is the position of the United States
government that with the special designation as a National Park the mountains ceded their multi-purpose
public land status and the former rights ceased to exist as it was confirmed by the Court of Claims in Some
Blackfeet held that their traditional usage rights still exist de jure. In the s, armed standoffs were avoided
narrowly several times. Hill , built a number of hotels and chalets throughout the park in the s to promote
tourism. Hill was especially interested in sponsoring artists to come to the park, building tourist lodges that
displayed their work. His hotels in the park never made a profit but they attracted thousands of visitors who
came via the Great Northern. Louis Hill personally selected the sites for all of these buildings, choosing each
for their dramatic scenic backdrops and views. Due to damage, the chalet was closed indefinitely and while the
exterior stonework was stabilized in the fall of , the dates for rebuilding and reopening the chalet has yet to be
determined. CCC projects included reforestation, campground development, trail construction, fire hazard
reduction, and fire-fighting work. These early auto camps are now also listed on the National Register.
Visitation to Glacier National Park averaged about 2. Also planned are fishery studies for Lake McDonald,
updates of the historical archives, and restoration of trails. The mandate of the National Park Service is to "
One major section of the Act has often been summarized as the "Mission", " Additionally, oil and gas
exploration and extraction are not permitted. These restrictions, however, caused a lot of conflict with the
adjoining Blackfeet Indian Reservation. When they sold the land to the United States government, it was with
the stipulation of being able to maintain their usage rights of the area, many of which such as hunting had
come into conflict with these regulations. Unlike a few other parks, Glacier National Park has yet to be
protected as wilderness, but National Park Service policy requires that identified areas listed in the report be
managed as wilderness until Congress renders a full decision. Mountains and mountain ranges of Glacier
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National Park U. Chief Mountain is an isolated peak on the easternmost boundary of the park. The Blackfeet
Indian Reservation provides most of the eastern boundary. Numerous smaller lakes, known as tarns , are
located in cirques formed by glacial erosion. Some of these lakes, like Avalanche Lake and Cracker Lake , are
colored an opaque turquoise by suspended glacial silt , which also causes a number of streams to run milky
white. The lack of plankton, however, lowers the rate of pollution filtration, so pollutants have a tendency to
linger longer. Consequently, the lakes are considered environmental bellwethers as they can be quickly
affected by even minor increases in pollutants. However, during drier times of the year, many of these are
reduced to a trickle. They were deposited in shallow seas over 1. This overthrust was several miles kilometers
thick and hundreds of miles kilometers long. Polished slab at the Museum of the Rockies. Sedimentary rocks
of similar age located in other regions have been greatly altered by mountain building and other metamorphic
changes; consequently fossils are less common and more difficult to observe. This rock formation has bedding
structures which are believed to be the remains of the earliest identified metazoan animal life on Earth.
Glaciers in Glacier National Park U. Glacial retreat since the end of the Little Ice Age in Glacier National
Park is dominated by mountains which were carved into their present shapes by the huge glaciers of the last
ice age. These glaciers have largely disappeared over the last 12, years. The last recent cooling trend was
during the Little Ice Age , which took place approximately between and Geological Survey began a more
systematic study of the remaining glaciers, which has continued to the present day. By , 37 glaciers remained,
but only 25 of these were considered to be "active glaciers" of at least 25 acres 0. Without a major climatic
change in which cooler and moister weather returns and persists, the mass balance , which is the accumulation
rate versus the ablation melting rate of glaciers, will continue to be negative and the glaciers have been
projected to eventually disappear, leaving behind only barren rock. However, during the s, the glaciers in the
park began a steady period of loss of glacial ice, which continues as of In , the glaciers in the region near
Blackfoot and Jackson Glaciers covered 5, acres Reduced seasonal melting of glacial ice may also affect
stream flow during the dry summer and fall seasons, reducing water table levels and increasing the risk of
forest fires. The loss of glaciers will also reduce the aesthetic visual appeal that glaciers provide to visitors. As
with other alpine systems, average temperature usually drops as elevation increases. Snowfall can occur at any
time of the year, even in the summer, and especially at higher altitudes. The winter can bring prolonged cold
waves, especially on the eastern side of the Continental Divide, which has a higher elevation overall.
Temperatures in the high country may be much cooler. Geological Survey has performed scientific research
on specific climate change studies since In addition to the study of the retreating glaciers, research performed
includes forest modeling studies in which fire ecology and habitat alterations are analyzed. Additionally,
changes in alpine vegetation patterns are documented, watershed studies in which stream flow rates and
temperatures are recorded frequently at fixed gauging stations, and atmospheric research in which UV-B
radiation, ozone and other atmospheric gases are analyzed over time. The research compiled contributes to a
broader understanding of climate changes in the park. The data collected, when compared to other facilities
scattered around the world, help to correlate these climatic changes on a global scale. No major areas of dense
human population exist anywhere near the region and industrial effects are minimized due to a scarcity of
factories and other potential contributors of pollutants. Wildfires could also impact the quality of water.
However, the pollution level is currently viewed as negligible, and the park lakes and waterways have a water
quality rating of A-1, the highest rating given by the state of Montana.

Page 4

GLACIERS OF GLACIER NATIONAL PARK : PAST, PRESENT AND
FUTURE pdf
4: Repeat Photography Project
The latest predictions indicate that all of the glaciers in Glacier National Park will be gone by Cause of death: slow
retreat due to temperature rise. A glacier is defined as a body of snow and ice that moves, and when a glacier dwindles
to 25 acres or less in size, it lacks the mass that gives it mobility.

Muir Glacier in Alaska, as seen in and Credit: For another Alaskan example, we turn to satellite imagery of
Columbia Glacier, which obviously does not reach back into time as far, but nevertheless, there are some
dramatic changes evident here: Aerial view of the Columbia Glacier, Alaska, The above scene is from , and at
this point in time, the end of the glacier terminus is located down near the bottom of the image. Below, we
jump forward in time to Aerial view of the Columbia Glacier, Alaska, Credit: The glaciers in this famous
national park are all in such rapid retreat that the park may need a new name in a few decades. Glaciers in the
Alps are shrinking too. Check out SwissEduc Glaciers online to see one good example â€” at the bottom of the
page is a comparison that flips back and forth from the past to the present as you move your mouse over the
image. The same story as seen in Alaska, Montana and the Alps holds for glaciers in more tropical settings, as
can be seen from the images of Qori Kalas glacier in the Andes Mountains of Peru, below. Studies of glaciers
around the world show that an overwhelming majority are losing mass over time. The figure below shows a
selection of data from glaciers around the world, documenting this pattern of retreat. This figure shows
examples of glacier length records from different parts of the world. Data points are scarce before ; after a
considerable number of records have an annual resolution. Data from Oerlemans, , Science, v. Robert Rohde
As can be seen in the figure above, a few glaciers show a pattern of increasing length in recent times. This can
be a bit misleading, however, since the thing that really matters is the mass of ice in a glacier â€” that is the
best measure of whether glaciers are growing or shrinking. When a glacier is melting rapidly, some of the
meltwater can sink to the base and lubricate the base, in which case the glacier front can surge forward at
impressive speeds. This causes the length of the glacier to increase even though the mass of the glacier is
decreasing, thus explaining the increased length of a few of these glaciers. But in general, the vast majority of
glaciers on Earth are melting, and this melting began about the time that the temperature records indicate the
beginning of warming, around the beginning of the s. If you combine the records of glacier length changes
from around the world into one graph, we can get a pretty clear idea of what is happening. Change in average
length of all glaciers around the world Credit: Figure adapted from Oerlemans, On the graph above, the y-axis
plots the length of the glaciers relative to their length in â€” so this is a kind of length anomaly. A positive
number means that on average, glaciers were longer than they were in ; negative numbers mean they were
shorter. Here, we can see that beginning around , glaciers around the world begin to shrink, and this trend
continues to the present. The average glacier has retreated almost 2 kilometers in this time. It is possible to
estimate the magnitude and history of temperature change needed to produce this history of glacial retreat, and
Oerlemans did this using a simple model; the results are shown below. Modeled temperature change required
to cause glacial retreat compared to proxy and instrumental temperature data Credit: Bice; data compiled by
Oerlemans, The thick blue line here is the temperature history needed to produce the timing and magnitude of
the glacial retreat history shown in the previous figure. For comparison, we also see the instrumental
temperature record in red Jones and Moburg, and the temperature reconstruction based on multiple climate
proxies Mann et al. Note the excellent match with the instrumental record in the last century. Earth in the
Future Logged in as Anonymous.
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Two top glaciologists review the past, the present, and the iffy future of the world's (melting) glaciers.

Glaciers form when snow remains in one location long enough to transform into ice. What makes glaciers
unique is their ability to move. Due to sheer mass, glaciers flow like very slow rivers. For sake of time, we are
only going to focus on one particular glacier, Exit Glacier, near Seward, Alaska, which is famous among
climate alarmists. Below is a photo of Exit Glacier. It shows a marker that says , which was where the edge of
the glacier supposedly was in If you look at the animation, you can see that there has really been no change in
the extent or mass of the glacier since , which likely suggests that the marker is a too far away from where the
edge likely was in If you look closely, you can see that the right, top, and bottom sides of the glacier have not
melted much since If you look at the left side of the glacier, however, you will notice the left side is getting
smaller. This is because the glacier is moving into the sea, because the glacier is moving like a slow moving
river, just as the NSIDC says glaciers naturally do. If Exit Glacier was really melting as the experts claim, then
it would literally be melting from all angles of the glacier, but there is only ONE side which is constantly
changing. In , glaciers were disappearing. In , glaciers were still disappearing. In , observations by scientists
showed that glaciers were gradually disappearing. In , the Arctic Ocean was warming and glaciers were still
melting. The following year, scientists stated that Glacier National Park in Montana was melting at a rapid
rate. The image below shows you what Glacier National Park looks like today. One of my friends went there
two years ago. The glacier is surely not melting. The person in the photo has been removed for privacy. In ,
scientists were wondering whether Glaciers would disappear altogether. Glaciers were melting rapidly in and
in It is simple science that anyone can understand. Blaming the melting of glaciers on your SUV is
pseudoscience rather than actual science. National Snow and Ice Data Center.
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The sights of Glacier National Park come alive through colorful images of the park s glorious lakes, wildlife, and rugged
mountains. Postcards of yesteryear and contemporary photographs tell the rich history and enduring qualities of this
"crown jewel" of the National Park system.

All of the glaciers at Rocky Mountain National Park are cirque glaciers. A cirque glacier is a small glacier that
occupies a bowl-shaped basin at the head of a mountain valley. Cirque glaciers are usually the remnants of
much larger valley glaciers. Andrews, Tyndall, and Rowe are all good examples of small cirque glaciers. A
large mass of rock that actively flows like a glacier. Boreholes drilled in rock glaciers have revealed primarily
a mixture of ice and rock. Many scientists consider rock glaciers a form of permafrost, but other researchers
believe some rock glaciers may form from small glaciers being covered by rock debris. While rock glaciers
have a characteristic glacier-like or lava-like appearance from the air, they can be hard to recognize on the
ground, as they look like nothing more than a rock field or talus slope. Rock glaciers exist below Taylor and
Tyndall glaciers, as well as in many other locations without glaciers. If you visit them, take care, because the
surfaces of rock glaciers are extremely unstable. Taylor Glacier and Sky Pond Share article to Body Full
Article Snow in the high country sometimes accumulates faster than it melts, leading to the formation and
continuation of glaciers. Colorado is home to seven glacial regions that reside mainly in central and northern
Colorado. Each area sustains unique ecosystems and watersheds crucial to nature and humans alike.
Throughout history, glaciers have shaped the Colorado landscape, carving out steep mountains and wide
valleys. Native Americans had long depended on seasonal runoff, and it has fueled modern economies since
the gold rush. Glacial runoff continues to provide for agriculture, recreation, and urban development. A stable
future for Colorado relies heavily on the preservation of its glaciers. The ice age brought with it four major
deep freezes that allowed rapid glacial expansion. Over time, global climate changes created a series of glacial
advances and recessions. As the glaciers fluctuated in size, they moved large bodies of debris and ice down
into rivers and valleys. During episodes of global warming, western- and southern-facing glaciers often melted
before the temperature fell below freezing. The last major glacial recession occurred 8, years ago and
completed the creation of the seven glacial regions we have today. The glacial regions in Colorado can be
broken up into three geographic groupings: The only glaciers still in existence in this region are cirque
glaciers, named after their distinct wide, circular shape, which appear near ridge crests. Glacial recession is
particularly concerning in this region due to their close proximity to major population centers. The last valley
glaciers melted here 15, years ago. The Gore and Tenmile ranges run north to south, where glaciers carved
steep valleys before becoming dormant. These valleys support local tourism such as Breckenridge Ski Resort.
Tenmile is the only region dominated by rock glaciers, which do not expand once formed. To the west, the
Sawatch Range is the largest and oldest glacial region in Colorado. Glacial deposits indicate glaciation
perhaps as old as , years. The southernmost glacial region is the San Miguel Mountains, which contain four
small, unnamed glaciers. The largest glacier faces west, causing runoff to occur earlier than the others. Runoff
supplies water to local cities like Durango. Ecosystems and Watersheds Glacial regions are often characterized
as inhospitable high alpine areas. At high elevations, three factors sustain a rich biodiversity. First, the
fragmented topography of glaciers creates unique wind-protected areas with different exposures to sunlight.
Second, the vegetation species are one-tenth the size of their relatives at lower elevations, allowing greater
dispersion. Third, most glaciers face east, providing more sunlight. Although diverse, high alpine ecosystems
are among the most climate-sensitive biomes. At lower elevations, marshlands appear in valleys that host birds
in thick wooded areas. Subalpine riparian ecosystems are bogs that have been dammed by glacial runoff and
contain dense short willows and birch. These are the product of older glaciers, often in the Sawatch Range.
Young glaciers host less vegetation and are steep, such as those found in the Tenmile region. Glacial
vegetation prevents erosion, sustaining reliable runoff patterns. The timing of runoff is crucial to watersheds
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throughout Colorado. These are a few examples of the many watersheds that rely on Colorado glaciers.
Scientists are tracking this in a variety of ways. Visual clues provide the most obvious signs. For example,
vegetation migrates upslope to colder temperatures, weakening crucial stabilizing root systems. Invasive
plants choke out the smaller native plants, reducing biodiversity. Changes in the depth and breadth of
permafrostâ€”ground that remains frozen year-roundâ€”in glacial regions also indicate rapid recession.
Temperature measurements have shown that, in some places, permafrost has fallen out of sync with the
normal seasonal climate, suggesting increased thawing. Permafrost provides the foundation for snow
accumulation and water for plants. Melting permafrost loosens rock beds and can lead to landslides. Nitrogen
is a naturally occurring gas found in glacial deposits. But humans are now the leading producer of nitrogen,
which becomes trapped in snow at higher elevations. Rising annual temperatures cause increased runoff,
which carries the nitrogen into lakes and rivers. Researchers in the Rocky Mountains examined lakes
surrounding glaciers and found high levels of nitrogen, which leads to acidification that can destroy
surrounding ecosystems. These same lakes and streams can then contaminate aquifers that provide water for
population centers. Climate change alters the length, volume, and rate at which runoff occurs. In some cases,
runoff seasons shorten, causing water shortages. Other areas experience rapid melting periods leading to
erosion and flooding. Additionally, higher levels of runoff can wash out riverbanks and carry debris
downstream, destroying habitats and tributaries to major rivers. Not only is this detrimental to various
ecosystems, it also bottlenecks the water supply that sustains agriculture, economies, and urban sprawl. A
sustainable action plan is required to preserve our delicate glacial ecosystems, and because of the monumental
importance of glaciers to all life in Colorado, all Coloradans are stakeholders in sustaining the affected
watersheds. The stability of future generations of Colorado depends on the conservancy of its dwindling
glacial regions. Mickelson and John W. Geological Society of America, David Sumner, Along the Trail:
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We can look at the past of the Milk Lake Glacier near Glacier Peak in , 30 miles northeast of Columbia Glacier, and the
present of Milk Lake without the glacier. The green arrow points to the forming lake filled with by both icebergs and the
still evident glacier.

The increasing downward trend in the late s is symptomatic of the increased rate and number of retreating
glaciers. Glacier mass balance The mass balance, or difference between accumulation and ablation melting
and sublimation , of a glacier is crucial to its survival. A glacier with a sustained negative balance loses
equilibrium and retreats. A sustained positive balance is also out of equilibrium and will advance to reestablish
equilibrium. Currently, nearly all glaciers have a negative mass balance and are retreating. Since higher
elevations are cooler, the disappearance of the lowest portion decreases overall ablation, thereby increasing
mass balance and potentially reestablishing equilibrium. If the mass balance of a significant portion of the
accumulation zone of the glacier is negative, it is in disequilibrium with the climate and will melt away
without a colder climate and or an increase in frozen precipitation. This indicates a diminishment of the
accumulation zone. The result is marginal recession of the accumulation zone margin, not just of the terminus.
In effect, the glacier no longer has a consistent accumulation zone and without an accumulation zone cannot
survive. However, the Grinnell Glacier in Montana, U. The difference is that the upper section of Easton
Glacier remains healthy and snow-covered, while even the upper section of the Grinnell Glacier is bare, is
melting and has thinned. Small glaciers with minimal altitude range are most likely to fall into disequilibrium
with the climate. They are the most widely studied over the past years. As with examples located in the
tropical zone, virtually all the glaciers in the mid-latitudes are in a state of negative mass balance and are
retreating. Midth century saw strong retreating trends, but not as extreme as the present; current retreats
represent additional reductions of already smaller glaciers. Europe[ edit ] In France all six of the major
glaciers in that country are in retreat. In a paper published in by the University of Zurich, the Swiss glacier
survey of 89 glaciers found 76 retreating, 5 stationary and 8 advancing from where they had been in Aletsch
Glacier retreated 2. In , the Italian Glacier Commission found that glaciers in Lombardy were retreating. In the
Kebnekaise Mountains of northern Sweden , a study of 16 glaciers between and found that 14 glaciers were
retreating, one was advancing and one was stable. Inland glaciers have had a generally negative mass balance,
whereby during the s, maritime glaciers showed a positive mass balance and advanced. These include a
reduction in area of The Balaitus, Perdigurero and La Munia glaciers have disappeared in this period. Monte
Perdido Glacier has shrunk from 90 hectares to 40 hectares. According to a report, this may have accelerated
the retreat of glaciers in Europe which otherwise may have continued to expand until approximately the year
The Altai region has also experienced an overall temperature increase of 1. There are several reasons for this,
the principal one being that since the collapse of Communism there has been a large reduction in the number
of monitoring stations. The Himalayas and other mountain chains of central Asia support large glaciated
regions. An estimated 15, glaciers can be found in the greater Himalayas, with double that number in the
Hindu Kush and Karakoram and Tien Shan ranges, and comprise the largest glaciated region outside the poles.
If the present trends persist the ice mass will gradually be reduced, and will affect the availability of water
resources, though water loss is not expected to cause problems for many decades. A growing concern is the
potential for GLOFs researchers estimate 21 glacial lakes in Nepal and 24 in Bhutan pose hazards to human
populations should their terminal moraines fail. By the lake had swollen to a length of 1. The University of
Oxford study also reported that an average of 1. The continued demise of glacier ice will result in a short-term
increase, followed by a long-term decrease in glacial melt water flowing into rivers and streams. While
Greenland is geologically associated with North America, it is also a part of the Arctic region. Apart from the
few tidewater glaciers such as Taku Glacier , in the advance stage of their tidewater glacier cycle prevalent
along the coast of Alaska, virtually all of those in North America are in a state of retreat. This rate has
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increased rapidly since around , and overall each decade since has seen greater rates of retreat than the
preceding one. There are also small remnant glaciers scattered throughout the Sierra Nevada mountains of
California and Nevada. Excepting Alaska, about half of the glacial area in the U. As recently as many North
Cascade glaciers were advancing due to cooler weather and increased precipitation that occurred from to By
the North Cascade glaciers were retreating and the pace had increased each decade since the mids. Between
and the North Cascade glaciers lost an average of more than The glacier area shrank from 3. This retreat has
occurred during a period of reduced winter snowfall and higher summer temperatures. The reduced snowpack
has occurred despite a small increase in winter precipitationâ€”thus, it reflects warmer winter temperatures
leading to rainfall and melting on glaciers even during the winter. These glaciers will eventually disappear
unless temperatures fall and frozen precipitation increases. The remaining glaciers are expected to stabilize,
unless the climate continues to warm, but will be much reduced in size. Rocky Mountains[ edit ] On the
sheltered slopes of the highest peaks of Glacier National Park in Montana , the eponymous glaciers are
diminishing rapidly. The area of each glacier has been mapped for decades by the National Park Service and
the U. Comparing photographs from the midth century with contemporary images provides ample evidence
that they have retreated notably since Repeat photography since clearly show that glaciers such as Grinnell
Glacier are all retreating. The larger glaciers are now approximately a third of their former size when first
studied in , and numerous smaller glaciers have disappeared completely. The photographs below clearly
demonstrate the retreat of this glacier since

Page 10

GLACIERS OF GLACIER NATIONAL PARK : PAST, PRESENT AND
FUTURE pdf
8: Glaciers and Climate Change - Olympic National Park (U.S. National Park Service)
When President Taft created Glacier National Park in , it was home to an estimated glaciers. Since then the number has
decreased to fewer than 30, and most of those remaining have shrunk.

Annual visit pictures up to can be seen at bottom of post. This is the lowest elevation large glacier in the North
Cascades. Columbia Glacier occupies a deep cirque above Blanca Lake and ranging in altitude from meters to
meters. Kyes, Monte Cristo and Columbia Peak surround the glacier with summits meters above the glacier.
The glacier is the beneficiary of heavy orographic lifting over the surrounding peaks, and heavy avalanching
off the same peaks. Over the last twenty seven years the annual mass balance measurements indicate the
glacier has lost 14 meters of thickness. To compensate for this loss would require 16 million cubic meters of
snow water equivalent. Most of the loss of volume of this glacier has been through thinning not retreat. The
glacier remains thick, but cannot survive current climate, which has left the glacier without any snowpack by
the end of the summer in five of the last 10 years. This lack of persistence is the sign of a glacier than cannot
survive Pelto, The green arrow points to the forming lake filled with by both icebergs and the still evident
glacier. The upper margin of the glacier is indicated by the red arrow. The lake in still is a nice jade green
from glacier erosion. This lake will slowly become more azure in color as no new glacier sediment is added. In
the same respect we can look at the past and present of Columbia Glacier comparing a and photograph. The
blue arrows indicate moraines that the glacier was in contact with in , and now are meters from the glacier.
The green arrow indicates the glacier active ice margin in and again that same location in now well off the
glacier. The red arrow indicates the same location in terms of GPS measurements, this had been in the midst
of the glacier near the top of the first main slope in In this location is at the edge of the glacier in a swale. To
look to the future Jill Pelto , my daughter, painted the glacier as it was in top and then what the area would like
without the glacier in the future, at least 50 years in the future middle , and Jill at the sketching location
bottom , turned degrees to view Blanca Lake. The lake is colored by the glacier flour from Columbia Glacier
to the gorgeous shade of jade. Clearly the area will still be beautiful and we will gain two new alpine lakes
with the loss of the glacier. After making over measurements in we completed a mass balance map of the
glacier. This summer we will be back again for the 28th annual checkup.
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9: Glacierâ€™s Avalanche Cycles: Past, Present, and | Glacier National Park
Uncertain future for Glacier Glacier is the best place in the Lower 48 states to see the full range of mammal predators
present at the time of European settlement of America, including bears.

Visit us at EnjoyYourParks. Past, Present and Future Glacier National Park is located in the northwest corner
of Montana, and is well known for its numerous alpine glaciers that are found throughout the park. Much of
the focus lately has been the rate of melting that is occurring with these Glacier National Park glaciers, so I
just wanted to write an article that discusses Glacier National Park glaciers in general, and the history of these
iconic masses of ice and snow. I have always been extremely interested in the geology and glaciation of
Glacier National Park. In fact, in college I studied geophysics and geology for over three years prior to
switching directions and instead becoming a Doctor of Optometry. These gigantic valley glaciers acted as
giant bull-dozers that excavated the land, creating deep U-shaped valleys and incredible mountainous
landscapes. These massive glaciers were nearly 6, feet thick, and as they moved downward due to gravity,
they cut and formed the rock like a knife on butter. This created deep valleys with incredibly tall vertical walls
on each side. Glacier National Park was named after this unbelievable excavation by these monstrous valley
glaciers of the last Ice Age. Absolutely every square inch of Glacier National Park shows obvious remnants of
this amazing glacial event, which serves as a textbook example of the effects of glaciation for all to see.
Besides the deep U-shaped valleys, these valley glaciers created classic examples of ice age glaciation, such as
matterhorns a. These peaks rise thousands of feet into the sky with nearly straight up and down walls on all
sides, leaving a very small summit. Horns are a result of three and sometimes four valley glaciers cutting away
the rock on each side of the mountain, leaving only a very tall, narrow mountain that looks almost like a tower
once the glaciers melt away. Another common formation found after the valley glaciers of Glacier National
Park did their work are what is known as aretes. Aretes are long and extremely narrow ridges, that seem to be
almost paper-thin. Aretes are created by two valley glaciers that are located side-by-side. All that is left after
these massive rivers of ice melt away are these extremely narrow ridges that are thousands of feet high. Yet
another formation that is a classic sign of glaciation, are what is known as cirques. There are hundreds of these
cirques found throughout the park, and many of them ended up being the home to the smaller alpine glaciers
that came into the seen after the colossal Glacier National Park glaciers of the most recent ice age retreated.
These small alpine glaciers developed in and around the 8, foot elevation mark, and are most commonly found
hugging the north or east slopes of the cirques. Huge amounts of drifting snow due to the high winds of winter
also seem to accumulate the most at the 8, foot level. Any higher in elevation, the snow is blown off the slopes
due to these high winds, and also the rock walls are often too steep to hold snow once you get beyond about 8,
feet. And through the endless cycle of melting and freezing at the foot of these glaciers, glacial moraines are
found at the base of all of these glaciers. This glacial silt ends up suspended in streams and lakes, which
results in the amazing turquoise color of many of the lakes in Glacier National Park , such as Grinnell Lake
and Cracker Lake. As these glaciers melt during the warmer months each year, the water from this melting is
extremely cold as it flows into the streams, rivers and lakes of Glacier National Park , making it very
conducive to many forms of cold water aquatic life, such as the native bull trout. The rock excavation from
these small alpine glaciers are a small fraction of the tremendous excavation of the ice age glaciers. There
really is no comparison. But even though these alpine glaciers do little to shape the landscape, they are still
part of an important process in the ecosystem of Glacier National Park. The Future of Alpine Glaciers in
Glacier National Park The present day Glacier National Park Glaciers have been shrinking at least since the
Civil War, and will more than likely keep shrinking until they are no longer considered to be true glaciers.
According to the most recent research, Glacier National Park had alpine glaciers in , and now there are only 25
active glaciers. Presently, the USGS Climate Change in Mountain Ecosystems Program has established the
definition of a glacier as a moving mass of snow, rock, ice and water that is at least 25 acres in size and feet
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thick. An example of a glacier that has been demoted, even though its size had not changed, is Gem Glacier.
As you hike up the trail to Hidden Lake Overlook , you will see a giant glacial moraine directly to your right,
which is located just below the east base of Clements Mountain. If you hike to the top of the moraine, you will
see a giant snow field between the moraine and the base of the mountain. It is now simply a large, permanent
snow field. Once a glacier is no longer heavy enough to be moved by gravity, it is no longer considered a
glacier. It is then called a permanent snow field or permanent ice field. My wife Shannon and I climbed over
summits in Glacier National Park through the years, and we have explored nearly all of the backcountry
regions of Glacier National Park. Actually there are a few locations where the snow fields disappear
completely by late September of each year, but re-appear during the late fall and winter as the snow begins to
fall. These snow fields once again slowly melt into the streams, rivers and lakes until they disappear again in
late September of the following year. Seasonal Snowfall Glacier National Park receives a TON of seasonal
snowfall each autumn, winter and spring, and a fair amount of this snow really piles up in certain areas
throughout the higher elevationsâ€¦especially where there were once alpine glaciers. This creates massive
snow fields that quite often survive until late September, if not all year long. The Rockies receive a lot of snow
during the fall, winter and spring, and this snow slowly melts through the 3 months of summer, feeding the
streams, rivers and lakes with this water. This cycle of seasonal snow fall repeats itself year after year, and is
mainly what feeds the streams, rivers and lakes of the Rocky Mountains. Glacier National Park is a great place
to observe the effects of colossal glaciation that occurred over ten thousand years ago during a series of ice
ages, and is also a fantastic place to observe the ever-changing alpine glaciers that are found throughout the
park.
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