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Snow in the Arctic ecosystem
Formation and metamorphosis of snow crystals
Snow cover lays on the ground for most of the year in the Arctic becoming the primary environment for all organisms living there. Various animals and plants found in the far north are well adapted to existence above, under and even inside snow cover. However, let's start from the beginning. How is snow formed and how does it change under the influence of weather conditions?
How do snowflakes form?
Two conditions are needed for the formation of precipitation: water vapor needs to reach saturation and so-called condensation nuclei must be present. There is a certain amount of water vapor practically all the time in the atmosphere. As the air rises, it cools down. If there is enough water vapor, it condenses or sublimes (immediately goes from gas to solid) on fine solid particles, like pollens (which plays role of condensation nuclei), to form clouds. If this process goes further, droplets or snowflakes become heavy enough to fall from the cloud to the ground as a precipitation. Exemplary growth of snow crystal in the cloud can be seen on the video below.
It is mentioned in the movie that there are no two identical snow crystals. Today we know that the shapes of the crystals can repeat themselves, but the number of combinations is so great that twins are very unlikely to form in nature.
[Video from Reactions channel about snowflake formation]
[image: ]
https://www.youtube.com/watch?v=-6zr2eLpduI 
Influence of weather conditions on snowflake shape
Snowflakes are formed at negative temperatures, and their shape and size depend on the weather conditions in which they form. The chart below illustrates this well. It is called the Nakaya diagram, after a Japanese physicist who studied the process of snow crystal growth. Remember that the conditions shown in the figure apply to those in the cloud, where snow crystals form. Due to this, sometimes even at positive temperatures, you can observe the fall of dendritic shape snowflakes, which are formed in much colder conditions, high above our heads.
Few people know that the vast majority of precipitation falling in the world begins "life" in the form of snowflakes. Even during summer period in low latitudes, negative temperature usually prevails in the clouds. When snowflakes get large and heavy enough to "fall out from the cloud", they pass through the warmer air layers below, melting on the way and reaching the ground in form of rain.  
[Nakaya diagram with interactive elements]
[image: ]
https://view.genial.ly/60bba08e9dff880d2eef69b8


Snow metamorphism
You already know how snowflakes are formed and how diverse they can be. However, it is not over yet! When snowfall reach the ground, snow cover starts to form. Inside it, various processes take place that lead to further changes of snow crystals. The most important factor driving the changes in the snow cover crystals is the temperature gradient between the top and the bottom of the snowpack. When the temperature in the snow cover is more or less homogeneous, the crystals round up and form spherical grains. Similarly, melting also lead to rounding of grains, but that process additionally aggregates the crystals in large polycrystal form. On the other hand, when the snow layer is thick and the temperature difference between the upper and lower parts of the snow cover is large, the crystals transform into characteristic faceted forms. If such conditions prevail for a long time, faceted grains become "depth hoar" crystals with pyramidal or cup alike shape. Such grains create the most unstable snow layers in terms of avalanche safety.
The figure below shows two types of metamorphisms: isothermal, leading to the formation of rounded grains (top), and high temperature gradient metamorphism, leading to the formation of faceted grains, and then depth hoar crystals in the shape of characteristic pyramids (bottom). [Figure from Farnsworth's work from 2013] 
[Figure from Farnsworth’s 2013 work]
[image: Schematic-diagrams-displaying-the-progression-of-destructive-top-and-deconstructive_W640]
Try to match the names of the crystals that can be found in the snow cover with their photos (from Domine et al. 2008). Rely on your intuition, you are not (yet) an expert. Note that the photos were taken at a different magnification level - the white strip is always 1 mm long.


[Name the Frame exercise; match the names of the snow crystals to their photos]
[image: ]
[file with exercise in the attachment]
Snow cover climate types
You already know how weather factors affect the snow crystals. With such knowledge it is easy to guess that the snow cover in the Arctic will look different than the one that occurs in warmer climate zones. Examine the diagram below. Note that the snow on the ground forms layers in all climates - it is never a uniform structure!
The diagram was adapted on the basis of a figure from Sturm et al. 1994. Remember that this is just a simplified scheme of snow cover in different parts of the world.


[Interactive figure presenting typical structure of snow cover in different climatic zones]
[image: ]
https://view.genial.ly/60be0fffcbc8500d657ba0ee  
Snow survey
In this section you will learn how scientists examine snow cover and why we should be concerned about snow.
Researchers study snow cover from various reasons. See the infographic to learn about their motivation.
[Inphographic explaining importance of snow research]
[bookmark: _GoBack][image: ]
[pdf file in the attachment]
Now check the presentation below to find out how snow survey looks in practice. 
[Interactive presentation about snow cover research]
[image: ]
https://view.genial.ly/60bbae1f10e7770dbf3aa898  

Snow and the environment
You know already why scientists are interested in snow cover and what methods they use to obtain information about the properties of snow. Now it's time to get familiar with environmental importance of snow on Earth.
On the first impression it is hard to believe that the snow cover supports the growth of vegetation. However, there are plant species that prefer places where snow stays for longer periods. Such species are called “snowbed vegetation”. The photo below shows the Saxifraga oppositifolia characteristic for the tundra, but also occurring in the highest parts of the European mountains (although it's not typical snowbed vegetation). It can bloom just after the snow has melted or even under the snow cover, using the small amount of light that can penetrate through its layers. That’s one of the Arctic vegetation adaptations to use as much as possible from the extremely short growing season. A large part of the polar regions is extremely dry, so snow as a good insulator not only protects the vegetation against the strongest frosts, but also supplies it with water during melting. Hence, especially in cold climates, places with a thicker layer of snow in winter often have higher and healthier vegetation than other sites. 

[Photo of Saxifraga oppositifolia blooming surrounded by melting snow cover]
[image: ]
See the animation from NASA presenting the snow cover extent in the world in different months, starting from year 2000 (you may need to open the page in a new window). 
 [link to NASA animation presenting the changing extent of world’s snow cover over the past 20 years]
[image: ]
https://earthobservatory.nasa.gov/global-maps/MOD10C1_M_SNOW  
Take also a look at the graph below. It represents the snow cover extent (make sure the "Snow cover" variable is set in the "Parameter" field) in the selected area (you can choose the whole Northern Hemisphere, Eurasia, North America alone or together with Greenland) for a specific month from a year 1967 until today. Check the operation of the application and data for several selected months. After changing the parameters, don't forget to click the "Plot" button. 
[link to the website with data on the Northern Hemisphere snow cover extent since 1967]
[image: ]
https://www.ncdc.noaa.gov/snow-and-ice/extent/snow-cover/nhland/3   
Describe what you observed. In which month snow cover extent on the Northern Hemisphere is the lowest? In which one is the greatest? In which months the greatest reduction of the snow cover extent is recorded? Are there months in which snow cover extent is increasing?
[Exercise involving analysis of data from previous links]
[image: ]
[file with exercise in the attachment]
In your own words, briefly describe the consequences for the climate and the environment of reducing the extent and duration of snow cover. 
[An exercise requiring the student to write a short text about the expected environmental changes due to the decreasing range of snow cover]
[file with exercise in the attachment]
Climate change has an impact on life of animals adapted to the harsh Arctic conditions. Please complete the text below to find out its effects on reindeers living in the Arctic. 
[Fill in the Blanks exercise]
[image: ]
[file with exercise in the attachment]
Life in the snow
Snow does not seem to be a good habitat for living organisms. Nevertheless, a lot of creatures adapted to low temperatures and perfectly copes with snow environment. Let's see some of them!
Microorganisms
Let's start with the tiniest forms of life. You probably heard about organisms that can survive in extreme environments. Many microorganisms live in the snow cover: bacteria, microscopic fungi or algae, invisible to the naked eye. Some of them may pose a potential threat, as you can read about in the article: https://edu-arctic.pl/en/articles/what-lurks-in-glaciers-and-permafrost 
In higher concentrations, algae can color the snow on green, orange or red colour, which helps to see they presence. Read the article to know more about so-called watermelon snow. This phenomenon is not limited only to the Arctic, but can also be spotted in Antarctica and high mountain areas.



[Link to article on polarpedia about watermelon snow]
[image: ]
https://polarpedia.eu/en/watermelon-snow/  
Invertebrates
Not only microorganisms live in the snow. Did you know that the largest terrestrial organism in Antarctica is an insect called Belgica Antarctica (penguins and seals are counted as marine animals)? In the Arctic snows you can meet spiders, pseudoscorpions, springtails and many others. They are specially adapted to life in the cold. For example, the hemolymph (blood of invertebrates) of the smallest animals often contains anti-freeze substances. Many small animals of cold environments are yet to be discovered. In the vicinity of the Polish Polar Station Hornsund a new species of mite "Cecidophyes siedleckii" was discovered, named after the founder of the Polish Polar Station and the outstanding geologist Stanisław Siedlecki (photos of this creature and more about the newly discovered species at the Polish Polar Station here: https://edu-arctic.pl/en/articles/new-animal-species ).
Very interesting are springtails, also known as "snow fleas". They can be found on snow in moderate latitudes, as well as in the Arctic and the Antarctic. See the video below to learn more about these fascinating creatures.

[Video about snow fleas]
[image: ]
https://www.youtube.com/watch?v=8BOIpiua_z4 
Bigger life under the snow
Some animals reduce greatly their activity during the unfavorable winter conditions. Some invertebrates for example can survive beneath the ice for months without oxygen. Larger animals go into hibernation, a sleep-like state, slowing their metabolism to a minimum level. There are also organisms that are quite active in the the middle of winter. Watch the video below to discover what life is like in a snowy environment.
It is worth adding here that the hardness and density of snow is crucial for small mammals (and birds). Voles, for example, can bore tunnels only if the snow density is not greater than about 150 kg/m3. In the tundra exposed to the wind activity, snow becomes much denser, so Alaskan lemmings enlarge their claws for the winter to be able to dig in harder snow.


[CBC docs video presenting winter life of animals from the Canadian taiga]
[image: ]
https://www.youtube.com/watch?v=us11h1mEwv0 
Living in the Arctic, where snow is present most of the year, requires appropriate adaptation. Some animals are able to use the snow cover as a shelter and habitat. This forces predators to use special techniques for obtaining food. See how foxes (not only the arctic ones) hunt for rodents hidden in the snow.
[Nature on PBS video presenting „mousing” fox hunting technique]
[image: ]
https://www.youtube.com/watch?v=9UaX4RBIThI  
Snow camouflage
Animals living in a snowy environment use various tricks to outsmart predators. One such technique is the use of camouflage. The Arctic is covered with snow for most of the year. During that time many animals turn white. In the vicinity of the Polish Polar Station Hornsund on Spitsbergen the only wintering bird here is the rock ptarmigan. In the winter months, these birds are almost completely white. All ptarmigans are true winter survival specialists. To limit heat loss, they can completely bury themselves in the snow on the coldest days. Check if you can see all the birds in the photo below (we assume none of them are hidden under the snow)!
[Interactive card with rock ptarmigans hidden in the snow]
[image: ]
https://view.genial.ly/60bb98c224dec10d1b0ded2a/interactive-content-snow-camouflage    
Wrap-up
Test yourself and solve the exercises in this section.
How much do you remember from the lesson? Are you able to solve the crossword puzzle?


[Crossword puzzle focused on the snow topic]
[image: ]
https://www.educaplay.com/learning-resources/9646076-nie_na_krzy_owka.html 
On the end small test checking your snow knowledge.
[Final quiz]
[image: ]
[file with questions in the attachment]
Project office: Księcia Janusza 64, 01-452, Warsaw, Poland   edu-arctic2.eu  edukacja@igf.edu.pl 
EDU-ARCTIC 2: from polar research to scientific passion – innovative nature education in Poland and Norway receives a grant of ca. 240 000 EUR received from Iceland, Liechtenstein and Norway under EEA funds. The purpose of the EDU-ARCTIC 2 project is to: enhance the knowledge about nature, geography, natural resources, political specificities concerning polar regions and increase awareness of environmental issues and climate change, increase of interest in pursuing STEM education and careers due to enhancement of knowledge about scientific research, and their place in the modern world, familiarizing young people with scientific career opportunities; introduce innovative tools by way of an e-learning portal and effective methods of teaching science in schools.
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