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The case study in this broadcast is a scientific observing project that involves 4th-5th grade schoolchildren, their teachers, a university professor, and an Education Specialist park ranger in the measurement of lake ice and snow variables at Horseshoe Lake, Denali National Park and Preserve. Our aim is to show how a partnership among diverse groups and interests (NPS, K-12 teachers and students, not-for-profit organizations, and university scientists) can work together for mutual benefit.

To provide some background and a broader perspective to the project, it’s helpful to begin with an overview of environmental system change in the northern regions, including freshwater ice (lake ice, river ice) phenology, and a description of how lake ice grows and thickens due to heat conductive flow. A study of lake ice growth and heat flow by university professors, with the encouragement of teachers, grew into an Alaska-wide network of school-based lake ice observatories. Horseshoe Lake became one of those observatories in autumn 2003, and we describe (1) how the teachers and students at Tri-Valley School got involved, (2) the measurements they make and the equipment they use, (3) the results of their work during five consecutive winters as young scientists, 4) how their work embraces the National Park Service mission as well as scientific method, and 5) why this example matters. The ALISON project showcases how researchers, teachers and rangers are a team in an educational activity. The Alaska Lake Ice and Snow Observatory Network tells the story of how a research need became a purposeful public education tool for a district to support. The communication process for the natural resource issue of climate change is complex and challenging due to many factors, not the least that it’s a pervasive, comprehensive systems change that we have never witnessed before. While ALISON participants partake in only a piece of climate change research, they have ownership and participation that can be argued creates curiosity in the wake of fear.  
It seems that hardly a week goes by without yet another report of change in the northern (and southern) regions of the Earth. With the exception of cooler (-1°C) springs in the north Atlantic Ocean in the vicinity of southern Greenland and Iceland, the circum-Arctic climate has been distinguished by warming from 1954-2003. That warming has, in turn, been most pronounced in north-western North America and Eurasia, where the greatest change has occurred in winter  (as much as +4°C) followed by spring (typically +2-3°C). Maps and other climate change products are available from the Polar Research Group at the University of Illinois Urbana-Champaign: http://arctic.atmos.uiuc.edu/.

Change in the northern regions is not limited to the climate, as represented by air temperature. Change is occurring throughout the northern environmental system. That is, in the atmosphere, oceans and sea ice, marine ecosystems, terrestrial and aquatic ecosystems, hydrosphere and cryosphere, and people and communities. The cryosphere (snow, ice, permafrost) provides many examples of significant, continuing change, including the record minimum sea ice extent that occurred in mid-September 2007.  For more information on the events of summer 2007 in the Arctic Ocean, go to http://nsidc.org/news/press/2007_seaiceminimum/20071001_pressrelease.html.

We refer to the northern environmental system because all the components are connected, and changes in one component often cause changes in one or more of the other components. For example, changes in the sea ice cover, which themselves are due to a combination of ocean water temperature, air temperature and wind, and solar radiation influences, affect the marine ecosystem. Perhaps the best example of marine ecosystem change, or potential change, is the impact of declining sea ice on polar bears, for whom the ice is their habitat. For more information on predictions of the impact of sea ice retreat on polar bears, go to http://www.doi.gov/news/07_News_Releases/070907c.html. However, it is important to remember that changes in sea ice affect the entire marine ecosystem, from the charismatic megafauna to not-so-charismatic micro-organisms.

Another example of the connectedness of the environmental system relates to permafrost, or permanently frozen ground. Permafrost temperatures are increasing and in some places the permafrost is thawing. These changes affect the surface and sub-surface hydrology, and surface topography, leading to landscape and vegetation change.  Increasing ground temperatures are also a concern because they might be promoting greater microbial activity and mobilization of carbon that is being transferred to the atmosphere as carbon dioxide and methane. There is concern that the release of these greenhouse gasses might create a positive feedback that amplifies the existing greenhouse effect. For more information on thawing permafrost and the release of carbon dioxide and methane, go to http://www.npr.org/templates/story/story.php?storyId=14288215 

Freshwater ice duration, freeze-up and break-up are changing. Freshwater ice scientists have borrowed the term phenology from the biological sciences to describe freeze-up and break-up and their long-term variations and change. The graph on the left shows variations and change in ice phenology at a number of locations around the Northern Hemisphere. These observations have been accumulated by scientists, citizen scientists, and even as part of religious ceremonies. The data show that freeze-up has been occurring later and later, break-up (spring melt) has been occurring earlier and earlier, and thus ice duration has been getting shorter and shorter. In addition to practical impacts, e.g., transportation, water management and hydro-electic power generation, freshwater ice phenology changes affect lake and river ecosystems. For example, over the course of 20 year in the Experimental Lakes region of northwestern Ontario, a decrease in ice duration (increase in open water season) was matched by an increase in water temperature, which promoted an increase in diversity and biomass of micro-organisms yet caused the extirpation of opossum shrimp and lake trout. Go to http://www.sciencemag.org/cgi/content/abstract/250/4983/967 for more information.

Lake ice forms and thickens by two main processes: 1) freezing of water and the growth of congelation ice at the bottom of the ice cover, and 2) the freezing of slush and the formation of snow ice at the top of the ice cover. The phase change (water to ice, slush to ice) creates not only ice but also heat (latent heat), which is conducted away to the atmosphere as long as there is a negative temperature gradient in the ice and snow (for congelation ice growth) or in the snow only (for snow ice formation). 

Quantifying the conductive heat flow (loss) associated with lake ice formation and thickening has been one of Martin’s research interests in recent years. The reason is two-fold: (1) strangely, prior to 1999 the conductive heat flow associated with freshwater ice formation and thickening had not been determined; and (2) since our weather and climate are essentially determined by the transfer and exchange of heat in the atmosphere, it is essential to know and understand the sources and sinks of heat. For more information, go to http://cat.inist.fr/?aModele=afficheN&cpsidt=1940959 and http://www3.interscience.wiley.com/cgi-bin/fulltext/112464076/PDFSTART.

A ‘snapshot’ study, by Martin and colleagues, of conductive heat flow at frozen lakes on the North Slope of Alaska in April 1997 was followed by winter-long studies at frozen ponds in the vicinity of Poker Flat, Fairbanks.  We saw the ice growing thicker and the snow becoming deeper as the winter progresses. Snow density increases slowly during the winter due to compaction under the influence of mass and gravity) and accelerates in spring as melting and rapid settling occur. The heat flow data show a steady decrease (the less negative a value, the lower the heat flow) that is primarily a consequence of the increasing thickness of snow and ice and resultant decrease in temperature gradient, and the increase in snow density and resultant increase in thermal conductivity. 

As the Poker Flat study proceeded we began to think about how the results would compare with other regions of Alaska. Alaska is, after all, a large state and the winter weather that affects ice formation and thickening is far from uniform throughout the state. So, how were we to obtain data from elsewhere in Alaska?

Our team for a 1994 study of Antarctic sea ice included Marge Porter, an environmental sciences teacher at Somers High School in Connecticut, who was selected by the National Science Foundation to participate in a research experience. Those five weeks aboard the research vessel Nathaniel B. Palmer profoundly influenced Martin in more ways than he could have imagined at the time.

It was Marge’s “why don’t you get teachers involved in the study?” – that inspired us to branch out and develop an integrated research and science education project. Initially, we worked with teachers in Fairbanks, and then we branched out beyond Fairbanks and developed the Alaska Lake Ice and Snow Observatory Network (ALISON) project.
GLOBE (Global Learning and Observations to Benefit the Environment) is a worldwide network of teachers and students who make measurements of many different variables according to strict protocols and share their data among themselves and with scientists via an online database. GLOBE teachers in Alaska have expressed frustration that most GLOBE protocols have been developed for more temperate regions and are not well suited to Alaska’s cold climate. We took advantage of this situation to develop ALISON, the Alaska Lake Ice and Snow Observatory Network. We used e-mail to contact the teachers who were members of the Alaska GLOBE network, and recruited the first cohort (2002-03) from that group. Further recruitment has been mostly by word-of-mouth. 

ALISON involves K-12 teachers and students as scientific partners in the study of lake ice, snow and conductive heat flow. An important aspect of that partnership is that we visit the schools in the autumn to meet the students and teachers, discuss the science, help set up the study sites, and show them how to make good measurements and be good scientists. (For the students and teachers this is hands-on science based on familiar and abundant materials – snow and ice – and thus relevant to their daily experiences for a large part of the school year.).

ALISON is open to teachers and students of all grades, as we believe that every participant, regardless of their age, can benefit from being involved and contribute to the education and research goals. The youngest students are the 4th-5th grade students from Tri-Valley School in Healy, Alaska, who participate through the partnership between their district, Denali Borough School District, the National Park Service through Murie Science and Learning Center, and the University of Alaska, Fairbanks. There have been up to 16 sites across Alaska, monitored primarily by students of all grades.
ALISON project work showcases many positive results: a student body who understands scientific protocol, a student body who visits a national park regularly throughout the school year, pedagogy and methods of learning that demonstrate some best practices, and a relationship over time between students, scientists, parents, teachers, and park rangers. While plans were made with the objective of a successful outcome, hindsight offers a lens to see the lessons in what went well. It mostly points out that the safe path was made through much thought, effort, and time put forward by many individuals. 
ALISON planning is underway for the 2008/2009 Tri-Valley School year. There is more to do. The park letter of support will be sent to the new school Principal, buses will be rented, and the parent night will be scheduled. The partners will not rest on laurels of past success, but look to best practice while implementing meaningful science education. An improvement to the ALISON project at Denali National Park and Preserve will be the addition of clearer evaluation tools to measure student learning. Conclusions from data will take years to be fully realized. The project has maintained a strong safety record that can be jeopardized despite diligent attention. 
Dr. Jeffries will guide us through ALISON science. Kristen will speak to the ALISON educational model that’s cultivating critical-thinking stewards, and Sara will guide the four step process to create interpretive products that translate resource controversies into public conversation. We hope the ALISON project example is a breath of (cold) air that gives encouragement and ideas for your education and science communication goals.  
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