Script to accompany PowerPoint presentation
written by Kim Morris, UAF


The Changing Cryosphere
Slide 1: The Cryosphere (title page) 

The Earth’s ice covered surfaces are a bell-weather for changing climatic conditions. In recent years they, and related environmental systems, have undergone some significant changes.

Slide 2: The Cryosphere I

The term “cryosphere” traces its origins to the Greek word kryos for frost or icy cold. It describes the Earth’s surface where water is in a solid form and the ground is frozen. This includes sea ice, lake ice, river ice, snow cover, glaciers, ice caps and ice sheets, and permafrost. The cryosphere accounts for 75% of the world’s freshwater.

Slide 3: The Cryosphere II

The cryosphere is an integral part of the global climate system and is related to surface energy and moisture fluxes, clouds, precipitation, hydrology, and atmospheric and oceanic circulation. Through these feedback processes, the cryosphere plays a significant role in global climate and in climate model response to global change.

Slide 4: Local, indigenous knowledge

While the knowledge of western scientists for some aspects of the cryosphere can be measured in decades, indigenous people have accumulated local knowledge over a much longer period. Many native populations were aware of the current changes in the environment longer before their western counterparts who now regard this tradition knowledge as an important source of anecdotal data.

Slide 5: Variations and change in the North American snow cover

Satellites have provided scientists with a wealth of global data. For example, the MODIS eight-day composite maps on the left cover the period January 17-24. They illustrate the variability of the North American snow cover for the years 2001-2004.

The MODIS eight-day composite map on the right shows the maximum snow cover in North America during the period from March 5-12. The red line represents the average March  snow line, and the yellow line represents the average February snow line, as determined from NOAA/NESDIS snow maps (1966-present). 

Slide 6: Spring snowmelt on the North Slope of Alaska

The snow cover on the North Slope now disappears completely 8 days earlier in spring than it did in the mid-1960s. This has profound effects on some of the wildlife in northern Alasks including the Black guillemots on Cooper Island.

Slide 7: Temporal ice thickness variations at MST Pond (PFRR), Alaska

Snow depth and ice thickness data have been collected at MST Pond on the University of Alaska Poker Flat Research Range, in central Alaska, since November 1999. The temporal variability of the snow depth and ice thickness is significant. Maximum ice thickness values range from 0.62m in 2001 to 0.91m in 2003, with a mean value of 0.76m ± 0.10 for the 6 years period.

Slide 8: Spring ice break-up and ice cover duration at PFRR, Alaska

The freeze-up and break-up of 11 ponds at Poker Flat Research Range have also been monitored. As can be seen in the graphs, the break-up date became earlier and earlier from 2002 to 2005 but in 2006 it was the latest recorded in this study.

Hit enter: The period from freeze-up to break-up is the ice duration. In central Alaska this can last from 205 to 225 days (~60% of the year). The ice duration is strongly correlated to ice thickness. 

Hit enter: A ±0.1 m change in mean maximum ice thickness will cause a ±5.9 days change in duration and a ±5 days change in duration indicates a ±0.085 m change in mean maximum ice thickness.

Slide 9: Nenana Ice Classic

During the building of the Alaska railroad construction stopped during the winter. Construction workers who were camped out at Nenana on the Tanana River in central Alaska began betting on when the river would break-up and the spring construction season would begin. As a consequence we have a break-up recorded on the Tanana River dating back to 1917. The original data are very noisy (grey line). When smoothed the trend in the data is more obvious. The simple regression line clearly indicates the trend towards an earlier break-up date.

Hit enter: However, if the data are divided into 2 sections, we can see that there is little or no change in the break-up date from 1917 to early/mid-1960s. This is followed by a rapid change to earlier break-up from the early to mid-1960s to present.

Hit enter: The question can be asked: Are the Nenana Ice Classic data a climate record? The air temperature anomalies for the entire Arctic region have been calculated from the mid-1800s to 2000. 

Hit enter: When we examine the Nenana data we can identify periods of later and earlier break-up. These appear to correlate with periods of colder and warmer periods in the Arctic temperature data.

Slide 10: Ice Duration on rivers and lakes in the Northern Hemisphere

The Nenana Ice Classic results are in line with a study reported in Science magazine by Magnuson and others in 2000. They looked at long term freeze-up and break-up data sets for river and lakes in the Northern Hemisphere. They found that freeze-up has been occurring 8.7 days later and break-up has been occurring 9.8 days earlier since 1845 resulting in a decrease in the duration of the ice cover of about 19 days. This decrease in the ice duration corresponds to a change in mean annual air temperature of  about 1.2°C per 100 years.

Slide 11: Permafrost in Alaska, I
Permafrost is defined as any ground where the temperature remains below 0°C for 2 or more years. 

Hit enter: The active layer forms in summer when temperatures in the topmost layer of the permafrost rise above 0°C and the ground thaws.

Hit enter:  As can be seen in the graphs, there is evidence that ground temperatures are increasing tens of metres below the surface at two sites in central Alaska.

A change in the permafrost regime can have effects on the landscape and infrastructure as the land surface can slump or collapse as the ground thaws. This can lead to damage to roads, buildings and even power grids.

The hydrology and water chemistry of an area can change with the release of sequestered compounds in the frozen ground.

Slide 12: Permafrost in Alaska, II
There have been a number of changes in the active layer of the permafrost on the North Slope of Alaska. These include:

An increase in the mean annual ground surface temperature; 

An increase in the mean annual temperature at the permafrost table;

An increase in the period it takes for the active layer to freeze completely;

An earlier onset of thawing in the active layer; and

A possible increase in the period of active layer thawing.

Hit enter:  This overall decrease in the period when the active layer of the permafrost is completely frozen has led to a shorter period of time for off-road travel on the North Slope for heavy vehicles used in the oil and gas industry.

Slide 13: Permafrost in Alaska, III
There is photographic evidence that the vegetation on the North Slope of Alaska is changing. Oblique photos were taken in the mid-1900s. Dr Matthew Sturm at the US Army Cold Regions Research and Engineering Laboratory in Fairbanks, Alaska revisited and photographed these sites in 2000. As can be seen in the photo pairs there is much more shrubby land cover in the more recent photographs. 

The increased success of alder and black spruce on the North Slope is due to:

warmer ground, greater soil moisture and increased nutrient availability, and longer growing season and species change.

In turn, the trees and shrubs trap snow, increase insulation and promote further warming of the ground creating a positive feedback.

Slide 14: Arctic sea ice, I

This figure summarizes the sea ice thicknesses simulated in GFDL's R30 atmosphere-ocean general circulation model climate change experiments done by NOAA. The model-simulated total volume of Arctic sea ice (i.e., sea ice poleward of 67N) decreased by about 20% over the 50-year period extending from the 1950s to the first decade of the 21st century. 

Hit enter: This general scenario is supported by real world data. Submarines operating under the sea ice in the Arctic Ocean use upward-looking sonar to avoid hitting the ice. Subsequently, scientists process the sonar data to learn about variation and change in the sea ice draft (thickness). Between the 1960s-70s and the 1990s, the average sea ice draft decreased from 3m to 2m, and the volume of ice decreased by 40%.

Slide 15: Arctic sea ice, II

In addition to the ice thickness decreasing the ice extent is decreasing as well. Space satellite instrument data show that the extent of sea ice at the end of summer has declined significantly. Other, longer records indicate that the decline has been occurring over many decades, even centuries. 

Slide 16: Arctic sea ice, III

The duration of the ice cover is decreasing. This has significant effects on wildlife that live on or near the sea ice. For example, polar bears in western Hudson Bay are losing weight (fat), fewer cubs are being born and even fewer are surviving their first year. Why?

Hit enter: The duration of sea ice is decreasing, primarily due to earlier break-up in spring. Consequently, polar bears are being forced to go ashore before they have eaten sufficient food (seals) and stored sufficient fat to survive the summer fast. Female bears may not be healthy enough to conceive, or if they do, they may not be able to provide the cub with enough food to survive.

Slide 17: Predicted changes in the Arctic Ocean sea ice

Models used by the Intergovernmental Panel on Climate Change show that the sea ice extent will decrease dramatically by 2090. The consequences of this are: 

· The ocean absorbs more heat in summer leading to more melting of the sea ice;

· The ocean contains more heat. It gives up this heat in winter leading to higher winter air temperatures;

· An ice-albedo feedback is created. As the ice extent decreases the overall albedo of the Arctic Ocean decreases and the amount of energy absorbed by the ocean increases.                         

· There are profound effects on the ecosystem, especially for animals that live on or near the sea ice or are dependent on food sources at the ice edge.

· Shipping opportunities open up along the Siberian and Alaskan and Canadian coasts.

Slide 18: Retreating glaciers

In most places in the world, glaciers are retreating. This does not mean that they have reversed their flow. It means that the mass of ice melting at the front at low elevation exceeds the mass of snow and ice accumulating in the rear at higher elevation so that there is a net loss of ice.

Hit enter: In particular, Alaska’s glaciers are undergoing significant retreat.

Slide 19: Retreating glaciers in Alaska, I

Between the mid-1950s and mid-1990s, the thickness of 67 glaciers in Alaska decreased at a mean rate of 0.52 m/year. That is to say that the amount of ice from the surface of the glacier to the rock surface it rests on decreased by 52 cm every year from the mid -50s to the mid-90s. This translates into a total annual volume loss of 52 km3 for all glaciers in Alaska.

Between the mid-1990s and 2000-01, the thickness of 28 glaciers in Alaska decreased at a mean rate of 1.8 m/year. This is more than a 3-fold increase from the previous 40 years. This translates into a total annual volume loss of 96 km3 for all glaciers in Alaska.

Slide 20: Retreating glaciers in Alaska, II

Alaska glacier volume losses are nearly double the estimated annual loss from the entire Greenland Ice Sheet during the same period, and much higher than previously estimated.

The ice volume losses from the largest Alaska glaciers contribute to rising sea level. They have contributed about 9% of observed sea level rise in the last 50 years or 8% over the last 10 years.

Slide 21: Greenland Ice sheet melting

The area of surface melting each summer at the margins of the Greenland Ice Sheet has increased by 0.7% per year that amounts to a 16% increase over the period 1979-2002. In 1992, the zone of surface melting was almost exclusively below an elevation of 2000m. Ten years later the zone of melting has expanded below an elevation of 2000m especially along the north coast of the island. It has also moved above 2000m in elevation.

Slide 22: Sea level rise

The Intergovernmental Panel on Climate Change models predict a variety of sea-level rise scenarios. The sea level could rise by about 0.18 m by 2040. By 2100 the rise could be as much as 0.48m.

Hit enter: If all of the ice shelves and glaciers melted, the greatest contributor to sea level rise would be Antarctic ice (%) with Greenland a distance second (%). All other sources only contribute % to the predicted sea level rise of 80.3m.

Slide 23: Arctic temperature trends, 1973-2002

Recent observed surface air temperature changes over the Arctic region are the largest in the world. 
Hit enter: Most of this temperature increase is due to higher winter and spring air temperatures. Winter (DJF) rates of warming exceed 4 degrees C. over portions of the Arctic land areas
Slide 24: Tropospheric warming above the Arctic Basin

Temperature data obtained from radiosondes launched from Soviet/Russian “North Pole” drifting stations between 1948 and 1996 revealed that the troposphere (the region of atmosphere closest to the Earth’s surface) has become progressively warmer at all levels, while the stratosphere has cooled.

Slide 25: Computer models predict that the Arctic will become much warmer

Arctic Climate Impact Assessment models indicate that the increase in arctic temperatures (for 60°-90°N) could exceed 7°C relative to 1981-2000 by the year 2100. This will lead to even further degradation of the cryosphere with its accompanying consequences for the natural and man-made environments.

