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  SOME OF THE BASICS


  Okay, we need to touch on a number of basics before we can head out and go skiing in avalanche terrain or we really won’t even know what to look for. First off, we use the metric system for most of the measurements included in this book because it’s the industry standard in the avalanche-forecasting field. If you have forgotten how big a centimeter is, just remember that 10 centimeters equates to roughly 4 inches. That’s not exact, but close enough.
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  What Is an Avalanche?


  An avalanche is a sudden flow of snow down a slope that occurs when a trigger—either a natural trigger like new snow or an artificial trigger like a skier—overloads the snow-pack. Avalanches come in all shapes and sizes and have a correspondingly wide range of destructive capacity. They can bury towns, take out roads, and kill scores of people, or they can simply move a small pocket of unstable snow a few inches.


  
    Exceptions


    One very important thing to keep in mind as you read this book—and when you are out skiing—is to look for the exceptions. Just because we give you some rule of thumb, like the angles that slab avalanches typically run on, doesn’t mean there won’t be exceptions to the rule. Avalanches have been known to run on lower angles; in fact, people in different regions may give you different parameters for these angles.


    There are a lot of variables associated with avalanches, so exceptions should be expected. Also, as you gain experience skiing in an area, you will get comfortable with certain conditions. It is often in a year when conditions are very different that people start getting caught in avalanches. Be on the lookout for exceptions to what you are used to.

  


  For our purposes avalanches can be divided into two categories: loose-snow slides, or sluffs, and slab avalanches.
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  Sluffs


  Sluffs only involve the top layer of loose, powdery snow. They start from a single point—hence the reason they are also known as point release avalanches—and entrain more and more snow as they move downhill. In the process a single sluff creates a characteristic teardrop shape. Often skiers on a slope will trigger numerous sluffs as they descend, and as a result the teardrop shape is not always evident.
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  Skiers and boarders commonly trigger sluffs on slopes steeper than 40 degrees. As more and more athletes venture into such terrain, it is becoming standard practice to consciously manage or mitigate sluffs to avoid injury. The real danger is not getting buried, as sluffs do not typically result in big pileups of snow. Rather the hazard is being knocked over by the snow and injured in a high-speed fall or being pushed over cliffs and into obstacles.


  Sluff management is accomplished in several ways. One is to ski back and forth across the slope, working your way downhill in a series of traversing lines. This technique, however, doesn’t allow for much fun skiing and mars the aesthetic purity of untracked powder. If you want to get some turns in, you can manage your sluff through speed—skiing faster or slower than the moving snow. The terrain and your ability will dictate whether it is better to go fast or slow. A conservative approach is to make a few turns, stop and let the snow pass you, then continue downhill.
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  You can also manage your sluff by moving laterally across the slope and out of the slide path with each turn as you descend. This stairstep technique demands a certain amount of space to be effective.


  Slab Avalanches


  For most backcountry travelers, slab avalanches are the biggest avalanche hazard and account for almost all avalanche fatalities. They are the big killers and the ones we will focus on in this book.
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  A slab is a layer of snow held together by internal bonds that are stronger than the bonds attaching it to the snow below. Slabs become a problem when they sit on a weak layer over a sliding surface on a slope with enough angle to allow the snow to move. That angle starts around 25 degrees and increases until it gets so steep the snow just slides off. However, most avalanches occur between 30 and 50 degrees, with the prime angle falling between 35 to 40 degrees (38 degrees is commonly considered the magic number for most avalanches).


  [image: image]


  Loading can be from new snow adding stress to the snowpack. A skier or snow machine adds stress as well.
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  Slab avalanches can be further categorized as dry and wet, and soft and hard. Wet slides can run on lower-angle slopes (down to 20 degrees or less in extreme cases, such as with a slush avalanche) and are most common in the spring when you have free water in the snowpack. If it’s not freezing at night, beware! That’s when wet slides typically occur.


  
    Isothermal Snowpack


    An isothermal snowpack is one in which the snowpack measures 0 degrees Celsius (freezing) from top to bottom, a phenomenon that typically occurs in the spring when you have warm days with intense solar radiation and nights where the temperature fails to fall below freezing. Under these conditions snow begins to melt and water runs down through the pack, dissolving the bonds between grains that give the snowpack its strength. The result is a rotten snowpack with no internal cohesion—a pack that fails easily, resulting in wet avalanches. You’ll recognize an isothermal snowpack; it’s the one that gives you no support, where you punch through to the ground even on skis. When you experience these kinds of conditions, it’s time to get off the slope.
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  Remember that wet slides can run on lower-angle slopes than dry slab avalanches. Pay attention to above-freezing overnight temperatures if you plan to head out in the spring, and watch out when you start punching through. These are all danger signs.


  Dry slabs are more common in the middle of winter when layers form in the snowpack as a result of storm cycles, droughts, cold snaps, heat waves, wind, and sun. Some of these factors strengthen the snowpack while others weaken it; all of them create patterns that affect a slope’s stability.


  If you could watch a slab detach in slow motion, you’d see that it moves initially as one unified plate of snow. This layer quickly breaks up into blocks (big, hard blocks in hard slabs; softer, smaller pieces in soft ones). The crown, flanks, and stauchwall are all part of the avalanche’s starting zone. It then flows down the slide track, ending up in the deposition zone or toe of the avalanche.
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  The Avalanche Triangle


  In 1984 Doug Fesler and Jill Fredston published the first edition of Snow Sense, a book that quickly became a kind of Bible for beginning avalanche students. The beauty of Snow Sense was its practicality. Fesler and Fredston created a model—the avalanche triangle—for interpreting data that is simple to use and easy to remember. Their triangle continues to be used by avalanche educators around the world today.


  The avalanche triangle divides objective information into three categories: terrain, weather, and snowpack. Each category is considered individually, and a color—red, yellow, or green—is assigned to it. So, for example, if you were evaluating the hazard of the terrain at your local golf course, you would give it a green light. The terrain is not capable of producing a slide; therefore it is not a problem, and you have a green light to go skiing out there.


  Of course, in real backcountry terrain the question is almost never that simple, but you get the general idea of how the process works. Green means go, red means stop, and yellow means caution—things are not really clear. To further complicate the situation, you may experience a variety of yellowish conditions. For example, the terrain can be yellowish green and the weather yellowish red. Avalanche assessment is rarely cut and dried. You often find yourself forced to make decisions based on conflicting or unclear information.
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  In the center of the avalanche triangle, Fesler and Fredston put the human factor, or the more nebulous subjective factors that influence decision-making in the backcountry. The idea is to ask a series of questions about your specific group and goals to help determine where you should or shouldn’t ski—in the same way you ask questions about terrain, weather, and snowpack.


  Terrain


  When we first started backcountry skiing in leather boots on skinny telemark skis, it was easy to be perfectly content on low-angle slopes. But as the gear improved and stiff plastic boots and fat skis came along, 20- to 30-degree slopes were no longer challenging enough. People nowadays commonly ski 35-plus-degree slopes, which of course is where most avalanches occur.


  Slope Angle


  Slope angle is the single most important factor in considering whether or not the terrain is capable of producing a slide. Unfortunately, most of us aren’t that good at guessing slope angle. The best way to determine slope angle is to measure it. Carry an inclinometer (a slope meter) with you when you go touring and measure the angle of your favorite slopes. And remember, if you are an advanced or expert skier and the slope looks fun to ski, chances are it’s steep enough to slide.
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  Beware: No one is perfect at measuring slopes, and the angles you measure will probably be off a few degrees one way or another. If you are trying to stay off anything over 30 degrees on a day when the avalanche danger is through the roof, be sure to compensate for this.


  Slope Aspect


  A slope’s aspect determines its sun exposure and the effect wind has on it. Overall, north-facing slopes tend to be more prone to avalanches because the snow is colder and slower to bond together. You are also more likely to get “faceting” on north-facing slopes. We’ll go into detail on facets later, but for now you just need to know that facets result in sugary, weak snow that can be a perfect weak/sliding layer for a slab.


  While slopes with northerly aspects (at least those north of the equator; this is reversed for the southern hemisphere) remain cold, slopes with south-facing aspects often develop a sun crust that can act as the sliding layer.


  Moderate warming on a slope will strengthen and stabilize the snowpack, but sudden dramatic rises in temperature from the sun can have the opposite effect. Many avalanches occur when slopes are
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  Slope Shape


  

  Slope Texture/Anchors
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  Reading Terrain Clues


  

  [image: image]


  

  
    

    

    
      	Simple terrain has exposure to low-angle, mostly forested, rolling or flat terrain. You may encounter the runout zones of an infrequent avalanche path in simple terrain, but there are plenty of ways to reduce or avoid exposure.


      	Challenging terrain has exposure to well-defined avalanche paths, starting zones, and terrain traps. You can reduce or avoid exposure to these hazards with careful route-finding, but you need skill and experience to recognize the danger.


      	Complex terrain has exposure to multiple, overlapping avalanche paths or large expanses of steep, open terrain with multiple avalanche starting zones and numerous terrain traps. Complex terrain has very few or no options to avoid or reduce exposure.
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  Weather


  

  Past Weather
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  Current Weather
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  Future Weather


  

  Snowpack
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      	Deep snowpack (more than 3 meters)


      	Warm temperatures (-5 to 5 degrees Celsius) (23 to 41 degrees Fahrenheit)


      	High-density snow (10 to 20 percent water by volume)


      	Frequent storms with lots of snow


      	Weak layers are less pronounced and usually do not persist


      	Avalanches generally occurring during storms, triggered by precipitation or wind


      	Midwinter rain common


      	Wet slides possible throughout the year

    


    

    
      	Intermediate snowpack depths (1.5 to 3 meters)


      	Intermediate temperatures (-15 to -3 degrees Celsius) (5 to 27 degrees Fahrenheit)


      	Weak layers are present and can include variations in new snow as well as persistent weak layers such as surface hoar or facets


      	Instabilities can remain for several days after a storm and may linger for long periods, especially when coupled with persistent weak layers and cold temperatures.


      	Midwinter rain can happen, but rarely

    


    

    
      	Thin snowpack (less than 1.5 meters)


      	Cold temperatures (-30 to -10 degrees Celsius) (-22 to 14 degrees Fahrenheit)


      	Storms characterized by small accumulations of low-density snow


      	Persistent weak layers like surface hoar and depth hoar are common and can linger for an entire season in extreme situations.


      	Midwinter rain extremely rare
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  Rounding
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  Faceting
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  [image: For the nerdy folks among us it should be noted that it is really a vapor pressure gradient that determines faceting and rounding. However it is much easier to measure the temperature gradient than vapor pressure and since the two are related it works well.]


  

  

  

  

  

  Surface Hoar
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  Whumping
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  Ice and Crusts
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  Appendix: Resources for More Education


  Books


  Daffren, Tony. Avalanche Safety for Skiers and Climbers. Seattle: Cloudcamp, 1992.


  Fredston, Jill, and Doug Fesler. Snow Sense: A Guide To Evaluating Snow Avalanche Hazard. 5th ed. Anchorage: Alaska Mountain Safety Center, Inc., 2011.


  Haegeli, Pascal, and Ian McCammon. The Avaluator: Avalanche Accident Prevention Card. Revelstoke, BC: Canadian Avalanche Centre, 2006.


  Kahneman, Daniel. Thinking Fast and Slow. New York: Farrar, Straus and Giroux, 2011.


  Lehrer, Jonah. How We Decide. New York: First Mariner Books, 2009.


  McClung, David, and Peter Schearer. The Avalanche Handbook. Seattle: Mountaineers Books, 1993.


  O’Bannon, Allen, and Mike Clelland. Allen & Mike’s Really Cool Backcountry Ski Book: Revised and Even Better! Traveling and Camping Skills for a Winter Environment. Guilford, CT: FalconGuides, 2007.


  Tremper, Bruce. Staying Alive in Avalanche Terrain. Seattle: Mountaineers Books, 2008.


  Wegner, Daniel M. The Illusion of Conscious Will. Cambridge, MA: Bradford Books, The MIT Press, 2002.


  Websites and Periodicals


  The Avalanche Review is a trade and scientific journal serving the membership of the American Avalanche Association (AAA), a nonprofit organization: americanavalancheassociation.org.


  Link to avalanche forecast centers, resources, and course providers in United States: avalanche.org.


  Canadian Avalanche Centre: avalanche.ca/cac.


  SnowPit Technologies was founded in 1998 as a supplier of equipment and education to the snow science community and backcountry travelers: snowpit.com/index.htm.


  About the Author and Illustrator


  Allen O’Bannon grew up in Portland, Oregon, and has been in the field of avalanche education for many years teaching level one, two, and three courses. His goal is always to keep his head above the snow, although he has been known to do head plants now and again, all in the interest of getting a closer look at the snowpack, of course.


  [image: image]


  Mike Clelland! never went to art school, he studied MAD magazine instead. Mike grew up in the flat plains of Michigan, then spent ten years (as a yuppie!) in New York City. In 1987 he thought it might be fun to be a ski bum in Wyoming for the winter. Unfortunately, after living and skiing in the Rockies, he found it quite impossible to return to his previous life in the Big City. Mike is presently living in a shed in Idaho where he divides his time between illustrating and being in the mountains. His passions include telemark backcountry skiing, ultralight backpacking, old movies, and cats.
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