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Skiing, Snowboarding,
and Snowshoeing

Chapter Summary

This chapter first defines some of the dif-
ferent disciplines of skiing (alpine,
Nordic, telemark, ski mountaineering),
snowboarding, and snowshoeing. It then
examines snow sport competition before
examining participation numbers. The
final part of the chapter focuses on spe-
cific environmental impacts of snow
sports: damage to soil, vegetation, water,
and the impacts on wildlife. There is dis-
cussion about artificial snowmaking and
its environmental impacts. The final sec-
tion considers the management of these
activities and the impacts of climate
change on snow sport.

11.1 Definitions

Skiing can be a means of transport, a recre-
ational activity, or a competitive winter sport in
which skis are used to glide on snow. Many
types of competitive skiing events are recog-
nised by the International Olympic Committee
(IOC) and the International Ski Federation
(FIS). The term snow sport encompasses alpine,
freestyle, snowboard, and Nordic skiing (UK
Snow Sports 2018).

© The Author(s) 2019
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11.1.1 Alpine Skiing

Alpine skiing, also called downhill skiing, typi-
cally takes place on a piste at a ski resort. It is
characterised by fixed-heel bindings that attach at
both the toe and the heel of the skier’s boot
(Fig. 11.1A, B). Because the alpine equipment is
somewhat difficult to walk in, ski lifts (Fig. 11.1C),
including chairlifts (Fig. 11.1D), bring skiers up
the slope. Clearly these have impacts on the envi-
ronment which are discussed later in this chapter.
Backcountry skiing can be accessed by helicop-
ter, snowcat, hiking, and snowmobile. Facilities at
resorts can include night skiing, apres-ski (which
can include bars with outdoor music and dancing
on the ski slopes), and snowmaking facilities (dis-
cussed later). Alpine skiing branched off from the
older Nordic skiing around the 1920s when the
advent of ski lifts meant that it was not necessary
to walk any longer.

11.1.2 Nordic Skiing

The Nordic disciplines include cross-country skiing
and ski jumping, which both use bindings that
attach at the toes of the skier’s boots but not at the
heels (Fig. 11.2A). Cross-country skiing may be
practised on groomed trails or in undeveloped back-
country areas. Ski jumping skiing is practised at
certain areas that are deemed for ski jumping only.
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Fig. 11.1 (A) An Alpine ski boot and bindings. The boot is
held at the toe and the heel. The bindings will release under
force to minimise the risk of injury in even of a fall. Photo by
Tim Stott. (B) An Alpine ski is shaped to enhance its turning
capability. Photo by Tim Stott. (C) Alpine ski technique with

11.1.3 Telemark

Telemark skiing is a ski turning technique and
FIS-sanctioned discipline. It is named after the
Telemark region of Norway. The equipment simi-

skis parallel. Photo by Tim Stott. (D) Drag lift (also called a
poma tow) at Chamrousse 1650, France, used to take Alpine
skiers up the mountain. Photo by Tim Stott. (E) Chairlift and
ski resort infrastructure at Les Deux Alpes, France, for trans-
porting Alpine skiers up the mountain. Photo by Tim Stott

lar to Nordic skiing, with the ski bindings having
the ski boot attached only at the toe (Fig. 11.3A)
and the ski shaped (Fig. 11.3B) more like an
Alpine ski, which facilitates turning. The “free-
heel” binding allows the skier to raise his/her



11.1  Definitions

269

\

Fig. 11.2 (A) Nordic ski boot and binding. This type of
binding, known as a 3-pin binding, attached to the toe of
the boot only. The ski and boot are much lighter and more
flexible than the Alpine set up so permitting faster travel.
Photo by Tim Stott. (B) A Nordic ski is longer and nar-
rower than an Alpine ski. It is designed to move faster and

heel throughout the turn (Fig. 11.3C). Hence,
telemark skiing is known as “free-heel” skiing in
North America.

11.1.4 Ski Mountaineering

Ski mountaineering is a skiing discipline that
involves climbing mountains either on skis
(skins which grip the snow are fixed to the base
of the ski for uphill travel) or carrying them
(Fig. 11.4G), depending on the steepness of the
ascent, and then descending on skis. There are
two major categories of equipment used, free-
heel telemark skis and skis based on Alpine skis
(Figs. 11.4A, B), where the heel is free for
ascent but is fixed during descent. The discipline

has more directional stability (but is more difficult to
turn). Photo by Tim Stott. (C) Nordic skiing at the Plateau
D’Alsace, Chamrousse, France. The technique in this
photograph is called “skating” which allows the skiers to
go uphill. At other times the skiers follow pre-cut parallel
tracks, cut by a special machine. Photo by Tim Stott

may be practised recreationally or as a competi-
tive sport.

Competitive ski mountaineering is typically a
timed racing event that follows an established
trail through challenging winter alpine terrain
while passing through a series of checkpoints.
Racers climb and descend under their own power
using backcountry skiing equipment and tech-
niques. More generally, ski mountaineering is an
activity that variously combines ski touring, tele-
mark, backcountry skiing, and mountaineering.

11.1.5 Snowboarding

Snowboarding is a recreational activity and
Olympic and Paralympic sport that involves
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Fig. 11.3 (A) Telemark boot and binding. The boot is
made from plastic but a rubber section above the toe
makes it flexible. The boot is only fixed to the binding at
the toe. There is a cable around the heel. In the event of a

descending a snow-covered slope while standing
on a snowboard attached to a rider’s feet
(Fig. 11.5A, B).

The development of snowboarding was
inspired by skateboarding, sledding, surfing, and
skiing. It was developed in the USA in the 1960s,
became a Winter Olympic Sport at Nagano in
1998, and was first featured in the Winter
Paralympics at Sochi in 2014. Its popularity (as
measured by equipment sales) in the USA peaked
in 2007 and has been in a decline since.
Snowboarding styles now include jibbing, freerid-
ing, freestyle, Alpine snowboarding (Fig. 11.5B),
slopestyle, big air; half-pipe; boardercross, and
snowboard racing (Fig. 11.5C).

11.1.6 Snowshoeing

A snowshoe is footwear for walking over snow.
Snowshoes work by distributing the weight of

fall, the boot and metal part of the binding and cable come
away from the ski. Photo by Tim Stott. (B) A telemark ski
is shaped like an Alpine ski. Photo by Tim Stott. (C)
Telemark ski technique. Photo by Tim Stott

the person over a larger area so that the person’s
foot does not sink completely into the snow, a
quality called “flotation.” Snowshoeing is a form
of hiking. The origin and age of snowshoes is not
precisely known, although historians believe
they were invented from 4000 to 6000 years ago,
probably starting in Central Asia. Two groups of
snowshoe pioneers diverged early on, setting pat-
terns that can still be seen today. One group
abandoned the snowshoe as it migrated north to
what is now Scandinavia, eventually turning the
design into the forerunners of the Nordic ski. The
other went northeast, eventually crossing the
Bering Strait into North America. In 2016, Italian
scientists reported “the oldest snowshoe in the
world” discovered in the Dolomites and dated to
between 3800 and 3700 BC. As snowshoes
resemble a tennis racquet, the French use the
term is raquette de neige.

Traditional snowshoes have a hardwood frame
with rawhide lacings. Most modern snowshoes
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Fig. 11.4 (A) Ski mountaineering boot and binding. These
bindings are fixed at the toe with two pins so the boot articu-
lates. The heel can be free (for uphill travel) with three risers
(for increasingly steep slopes) and are then clipped down for
the ski descent. Photo by Tim Stott. (B) Ski mountaineering
boots, bindings, and skis are lighter than Alpine equivalents.
The skis are usually wider and longer to support the skier in
soft snow “off-piste.” Photo by Tim Stott. (C) A ski moun-
taineering party in northern Norway skinning uphill. Photo
by Tim Stott. (D) Ski mountaineers make zigzag tracks up

steep slopes. Photo by Tim Stott. (E) Ski mountaineering ski
technique for the descent is basically the same as for Alpine
skiing, though the snow conditions can be variable. Photo by
Tim Stott. (F) Ski mountaineering descent in Kvaloya, near
Tromso, Norway. Photo by Tim Stott. (G) Ski mountaineers
sometimes have to walk in carrying their skis (on approach
to the Komna plateau, Slovenia). Photo by Tim Stott. (H)
Ski mountaineers reaching a summit in Norway. Sometimes
they take off their skis and replace them with crampons and
an ice axe for the final part of the ascent. Photo by Tim Stott
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Fig. 11.5 (A) Snowboarders use soft boots which they strap into bindings. Photo by Tim Stott. (B) Snowboarding on
a piste. Photo by Tim Stott. (C) Snowboarders in a play park. Photo by Tim Stott
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Fig. 11.6 Modern snowshoes made from plastic have
bindings, heel lift, and small spikes on the underside for
grip on hard snow. Photo by Tim Stott

are made of materials such as lightweight metal,
plastic, and synthetic fabric (Fig. 11.6). In addi-
tion to distributing the weight, snowshoes are
generally raised at the toe for manoeuvrability.
They must not accumulate snow, hence the lat-
ticework, and require bindings to attach them to
the feet.

In the past, snowshoes were essential tools for
fur traders, trappers, and anyone whose life or
living depended on the ability to get around in
areas of deep and frequent snowfall, and they
remain necessary equipment for forest rangers
and others who must be able to get around areas
inaccessible to motorised vehicles when the snow
is deep. However, snowshoes are mainly used
today for recreation, primarily by hikers and run-
ners who like to continue their hobby in winter-
time. Snowshoeing is easy to learn and in
appropriate conditions is a relatively safe and
inexpensive recreational activity.

* Cross-country: the sport encompasses a variety
of formats for cross-country skiing races over
courses of varying lengths. Such races occur
over homologated, groomed courses designed
to support classic (in-track) and freestyle
events, where the skiers may employ skate ski-
ing. It also encompasses cross-country ski mar-
athon events, sanctioned by the Worldloppet
Ski Federation, and cross-country ski orien-
teering events, sanctioned by the International
Orienteering Federation, and biathlon, a com-
bination of cross-country and shooting.

o Ski jumping: contested at the Olympics, the
FIS Ski Jumping World Cup, the summer FIS
Grand Prix Ski Jumping, and the FIS Ski-
Flying World Championships.

* Nordic combined: contested at the Olympics
and at the FIS Nordic Combined World Cup, it
is a combination of cross-country skiing and
ski jumping.

e Alpine skiing disciplines include combined,
downhill, slalom, giant slalom, super-G, and
para-alpine. There are also combined events
that include two events, one run of each event
like one run of super-G and one run of slalom
skiing, called a super combined.

e Speed skiing dates from 1898 with official
records being set as of 1932 with an 89-mile-
per-hour (143 km/h) run by Leo Gasperi. It
became an FIS sport in the 1960s and a
demonstration Olympic sport at the 1992
Winter Olympics in Albertville.

e Freestyle skiing: includes mogul skiing, aeri-
als, ski cross, half-pipe, and slopestyle.

e Snowboard competition includes slopestyle,
cross, half-pipe, alpine, parallel slalom, and
parallel giant slalom.

e Other competition includes grass skiing and
telemark.

e Skiboarding: consists of a combination of ski-
ing and snowboarding. It uses ski boots with a
snowboard.

11.2 Snow Sport Competition

The following disciplines are sanctioned by the
FIS. Many have their own world cups and are in
the Winter Olympic Games.

11.3 Participation Numbers

In the USA, during the 2016 calendar year, a total
of 24,134 online interviews were carried out with
a nationwide sample of individuals and house-
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holds from the US Online Panel of over one
million people operated by Synovate/IPSOS
(Outdoor Foundation 2017). A total of 11,453
individual and 12,681 household surveys were
completed. The total panel is maintained to be
representative of the US population for people
ages six and older. Over sampling of ethnic
groups took place to boost response from typi-
cally under responding groups. The 2016 partici-
pation survey sample size of 24,134 completed
interviews provides a high degree of statistical
accuracy.

As can be seen in Table 11.1, The Outdoor
Foundation (2017) survey data for the USA show
that, of the six snow sports disciplines measured
in the survey:

e Alpine/downhill skiing had the greatest num-
ber of participants in 2016 (9,267,000) and a
12.4% increase over the previous three years
(2014-2016),

e Snowboarding had the second greatest num-
ber of participants in 2016 (7,602,000), show-
ing a 3.4% increase over the previous three
years.

e Cross-country skiing had 4,640,000 partici-
pants but the greatest three-year increase of
40.3%.

e Freestyle skiing with 4,640,000 participants in
2016 had the same number participating as
cross-country skiing but with only a 2.7%
three-year increase.

e Telemark (downhill) skiing has the smallest
participation numbers in the six disciplines
surveyed (2,848,000) and a 3.0% three-year
increase.

e Snowshoeing had 3,533,000 participants but
showed a —12.3% decrease in participation in
the 2014-2016 period.

Cordell’s (2012) survey showed snowboard-
ing (Table 11.2) as having 12,200,000 partici-
pants in the 2005-2009 period with a 33.7%
increase between the 1999-2001 and 2005-2009
periods. Comparing that with the Outdoor
Foundation’s (2017) data, it appears that snow-
boarding had declined after it peaked in 2010 at
8,196,000.

Table 11.2 also shows that both cross-country
skiing and snowshoeing showed declines of
—21.7% and —9.4%, respectively, in the numbers
participating between the 1999-2001 and 2005-
2009 periods

Cordell (2012) stated that ‘“across the
demography of Americans generally, just over
11% participated in some form of snow skiing
or boarding in 2005-2009. Participation rates
are high relative to the general population for
males, non-Hispanic Whites, people ages 16-34
(especially those under age 25), people with
college to postgraduate education, people earn-
ing more than $75,000 annually, and urban resi-
dents (Table 11.3). Less likely than the
population to participate in snow skiing or
boarding activities are females, Blacks, Native
Americans, people over 55 years of age, those
lacking college degrees, people with low
incomes, and rural residents” (Cordell 2012,
p. 65).

Bowker et al. (2012) projected changes in
total outdoor recreation participants between
2008 and 2060 (Table 11.4). There was an
estimated 24 million participants in 2008 tak-
ing part in developed skiing (downhill skiing
and snowboarding), and this was predicted to
become 21-23 million by 2060. For undevel-
oped skiing (cross-country skiing and show-
shoeing), there was an estimated eight million
participants in 2008 taking part), and this was
predicted to decline to one to four million by
2060.

Table 11.5 shows the changes over the same
period for the total number of outdoor recre-
ation days. There was an estimated 178 million
days in 2008 where people took part in devel-
oped skiing (downhill skiing and snowboard-
ing), and this was predicted to become 165-179
million days by 2060. For undeveloped skiing
(cross-country skiing and showshoeing), there
was an estimated 52 million days in 2008 where
people took part, and this was predicted to
decline to 5-29 million days by 2060 (Bowker
et al. 2012).

In England, data are available from the Sport
England Active People Survey (APS). For this
survey Sport England defined snow sport to
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Table 11.2 Trends in number of people of ages 16 and older participating in recreation activities in the USA, 1999—
2001 and 2005-2009 for activities with fewer than 15 million participants from 2005 through 2009 (Source: Cordell

2012, p.40)
Percent Percent
Total participants (millions) participating change
1999-2001 to
1994-1995 1999-2001 2005-2009 2005-2009 2005-2009

Kayaking 34 7.0 14.2 6.0 103.8
Mountain climbing 9.0 13.2 124 53 -5.9
Snowboarding 6.1 9.1 12.2 5.2 33.7
Ice skating outdoors 14.2 13.6 12.0 5.1 -11.5
Snowmobiling 9.6 11.3 10.7 4.5 -5.5
Anadromous fishing 11.0 8.6 10.7 4.5 24.1
Sailing 12.1 104 10.4 44 -0.4
Caving 9.5 8.8 10.4 4.4 18.4
Rock climbing 7.5 9.0 9.8 4.2 9.5
Rowing 10.7 8.6 9.4 4.0 8.9
Orienteering 4.8 3.7 6.2 2.6 -21.7
Cross-country skiing 8.8 7.8 6.1 2.6 -21.7
Migratory bird hunting 5.7 4.9 4.9 2.1 -1.1
Ice fishing 4.8 5.7 4.8 2.1 —-15.5
Surfing 29 32 4.7 2.0 46.3
Snowshoeing - 4.5 4.1 1.7 -94
Scuba diving - 3.8 3.6 1.5 -5.6
Windsurfing 2.8 1.5 1.4 0.6 —-10.1

@

Missing data are denoted wit

and indicate that participation data for that activity were not collected during that
time period. Percent change was calculated before rounding

Source: USDA Forest Service (1995) (n = 17,217), USDA Forest Service (2001) (n = 52,607), and USDA Forest

Service (2009) (n = 30,398)

Note: The numbers in this table are annual participant estimates on data collected during the three time periods
1994-1995 participants based on 201.3 million people of ages 16+ (Woods & Poole Economics, Inc. 2007)
1999-2001 participants based on 214.0 million people of ages 16+ (U.S. Department of Commerce 2000)
2005-2009 participants based on 235.3 million people of ages 16+ (U.S. Department of Commerce 2008)

include Alpine skiing, freestyle skiing, Nordic
skiing, and snowboarding. Table 11.6 shows that
there were an estimated 127,400 participants
(0.31% of the population of England) in the
October 2005—-October 2006 survey period. This
had declined to 99,800 (0.23% of the population)
by the October 2016—October 2066 survey
period.

Figure 11.7 displays the number of people
who ski per country in Europe as of 2016. In
2016, there were approximately 1.1 million peo-
ple in the Ukraine who skied. Germany had the
highest number of ski participants with a total of
approximately 14.6 million, followed by France
with 8.6 million and the UK with 6.3 million.

This estimate is clearly significantly higher than
the Sport England APS (Table 11.6). When con-
sidering the total population, the share of people
who ski in European countries was the highest
in Switzerland with 37% and in Austria with
36%.

Clearly there are some discrepancies in the var-
ious estimates for snow sport, but from Table 11.1
(The Outdoor Foundation 2017) we can see that in
the US snow sport activities fall behind running/
jogging (47,384,000), hiking (42,128,000), road
cycling (38,365,000), fishing (38,121,000), camp-
ing (26,467,000), hunting/canoeing/kayaking (all
around the 10 million mark), then follows Alpine
skiing (9,267,000).
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Table 11.3 Percentage of participants and population, rations of percentages, and statistical test results for the activity

group snow skiing or boarding

Percent of Percent of | Ratio (1)/| Percent
Demographic Stratum participants nation (2) participating
All groups All people age 16 and older | 100.0 100.0 1.00 11.2
Gender* Male* 63.0 48.2 1.31 14.5
Female* 37.0 51.8 0.71 8.1
Race/ethnicity* White, non-Hispanic* 75.9 67.3 1.13 12.7
Black, non-Hispanic* 55 13.9 0.40 4.2
American Indian, 0.4 0.8 0.50 6.5
non-Hispanic
Asian or Pacific Islander, 3.6 3.6 1.00 11.3
non-Hispanic
Hispanic 14.6 144 1.01 11.5
Age* 16-24* 38.8 15.8 2.46 27.6
25-34%* 18.6 16.2 1.15 13.0
35-44 17.7 16.9 1.05 12.1
45-54* 16.5 17.6 0.94 10.4
55-64* 5.7 13.6 0.42 4.6
65+ 2.7 20.0 0.14 1.5
Education* Less than high school** 21.3 24.0 0.89 9.9
High school graduate* 19.4 26.9 0.72 8.1
Some college™*** 24.6 26.8 0.92 10.3
College degree* 21.5 14.4 1.49 16.7
Postgraduate degree* 13.2 7.9 1.67 18.7
Annual family <$15,000% 9.3 16.5 0.56 6.6
income*®
$15,000-$24,999* 5.7 11.4 0.50 5.8
$25,000-$49,999* 18.7 274 0.68 7.9
$50,000-$74,999 19.0 18.3 1.04 12.5
$75,000-$99,999* 14.5 11.1 1.31 14.5
$100,000-$149,999* 18.0 9.4 1.91 21.5
$150,000+* 14.8 6.0 2.47 27.6
Place of residence* | Nonmetro resident* 13.0 17.5 0.74 8.4
Metro area resident®* 87.0 82.5 1.05 11.8
Residence status Native born or US citizen 96.3 96.7 1.00 11.2
Foreign born 3.7 33 1.12 11.7

Source: Cordell (2012, p. 69); USDA Forest Service (2009), Versions 1-4 (N = 14,070). Interview dates: 1/05 to 4/09
Note: Test statistic in the “Demographic” column is chi-square goodness of fit which tests independent of the observed
proportions in the categories of each demographic group. Test statistic in the “Stratum” column are binomial tests of
significance between the stratum participation rate (‘“Percent participating”) and the participation rate for all people age
16 and older shown in line 1. Significance levels indicated by: *p < 0.01, ** p < 0.05, *** p < 0.10

Percentages sum down to 100 within each demographic group in the first two columns—may not sum to 100% exactly
due to rounding. In fourth column, compare stratum percent to the percent participating for all respondents in line 1.
Sample sizes may vary by activity because not all activities were asked in every NSRE version

11.4 Environmental Impact

As in previous chapters, it is reasonable to
examine the impacts of snow sport on the envi-
ronment in three categories: impacts on soils
and vegetation, impacts on wildlife, impacts on
water resources.

11.4.1 Impacts of Snow Sport on Soil
and Vegetation

The rising popularity of Alpine skiing and snow-
boarding has raised concerns of potential envi-
ronmental impacts. A considerable amount of
research has been carried out to assess the impact
of the development of a relatively small (by world
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Table 11.4 Changes in total outdoor recreation participants between 2008 and 2060 across all activities and scenarios

(Source: Bowker et al. 2012, p. 28)

2060 2060 2060 2060
Participant | Average Participant | Average
2008 range* participant | range? participant
Participants® | (millions/ change® (millions/ change!

Activity* (millions) [percent]) (millions) [percent]) (millions)

Visiting developed sites

Developed site use—family gatherings, 194 273-346 116 271-339 112

picnicking, developed camping [42-77] [40-75]

Visiting interpretive sites—nature centres, | 158 231-294 106 231-289 104

700s, historic sites, prehistoric sites [48-84] [46-83]

Viewing and photographic nature

Birding—viewing/photographing birds 82 118-149 53 115-144 47
[42-76] [40-76]

Nature viewing—viewing, photography, 190 267-338 114 268-333 112

study, or nature gathering related to [42-76] [41-75]

fauna, flora, or natural settings

Backcountry activities

Challenge activities—caving, mountain 25 38-48 19 37-48 18

biking, mountain climbing, rock climbing [50-86] [47-90]

Equestrian 17 24-31 11 25-35 13
[44-87] [50-110]

Hiking—day hiking 79 117-150 55 114-143 50
[50-88] [45-82]

Visiting primitive areas—backpacking, 91 120-152 47 119-145 42

primitive camping, wilderness [34-65] [31-60]

Motorised activities

Motorised off-road use 48 62-75 21 62-76 21
[29-56] [28-58]

Motorised snow use (snowmobiles) 10 10-13 3 4-10 (2.5)°
[10-37] [(56)-6]

Motorised water use 62 87-112 40 84-111 35
[41-81] [35-78]

Consumptive

Hunting—all types of legal hunting 28 30-34 5 29-34 4
[8-23] [5-21]

Fishing—anadromous, cold-water, 73 92-115 33 89-115 30

saltwater, warm water [28-56] [22-58]

Non-motorised winter activities

Downbhill skiing, snowboarding 24 38-54 23 36-54 21
[58-127] [50-126]

Undeveloped skiing—cross-country, 8 10-13 4 5-10 1)

snow-shoeing [32-67] [(42)-28]

Non-motorised water

Swimming, snorkelling, surfing, diving 144 210-268 99 212-266 99
[47-85] [47-85]

Floating—canoeing, kayaking, rafting 40 52-65 20 47-62 13
[30-62] [18-56]

Source: National Survey of Recreation and the Environment (NSRE) 2005-09, Versions 1 to 4 (January 2005 to April
2009). n = 24,073 (USDA Forest Service 2009)
*Activities are individual or activity composites derived from the NSRE. Participants are determined by the product of
the average weighted frequency of participation by activity for NSRE data from 2005 to 2009 and the adult (>16) popu-
lation in the USA during 2008 (235.4 million)
"Because of small population and income differences, initial values for 2008 differ across PRA scenarios, thus an aver-

age is used for a starting value

‘Participant range across Resources Planning Act (RPA) scenarios A1B, A2, and B2, without climate considerations
dParticipant range across RPA scenarios A1B, A2, and B2, each with three selected climate futures

*Parentheses denote negative number
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Table 11.5 Changes in total outdoor recreation days between 2008 and 2060 across all activities and scenarios

(Source: Bowker et al. 2012, p. 29)

2060
2060 Average | 2060 2060
2008 Days range© days Days range! Average days
Days® (millions/ change® | (millions/ change!

Activity* (millions) | [percent]) (millions) | [percent]) (millions)

Visiting developed sites

Developed site use—family gatherings, 2246 3121-3949 1294 3055-3796 1185

picnicking, developed camping [40-74] [36-69]

Visiting interpretive sites—nature centres, 1249 1899-2417 952 1935-2435 988

700s, historic sites, prehistoric sites [53-91] [55-95]

Viewing and photographic nature

Birding—viewing/photographing birds 8255 11,680-14,322 4859 10,050-13,313 3764
[40-74] [36-69]

Nature viewing—viewing, photography, 32,461 41,805-52,835 14,635 41,550-51,288 | 13,597

study, or nature gathering related to [31-61] [28-58]

fauna, flora, or natural settings

Backcountry activities

Challenge activities—caving, mountain 121 178-219 4859 179-232 89

biking, mountain climbing, rock climbing [49-83] [48-92]

Equestrian 263 388-503 196 369482 166
[49-92] [40-83]

Hiking—day hiking 1835 2901-3682 1470 2825-3541 1366
[59-98] [54-93]

Visiting primitive areas—backpacking, 1239 2046 622 1562-1946 519

primitive camping, wilderness [26-57]

Motorised activities

Motorised off-road use 1053 1264-1532 357 1274-1611 385
[21-46] [21-53]

Motorised snow use (snowmobiles) 69 74-91 16 23-65 (27)°
[8-33] [(6)—(67)]

Motorised water use 958 1304-1806 596 1245-1763 495
[37-90] [30-84]

Consumptive

Hunting—all types of legal hunting 538 506-576 14 494-575 (8)
[(5)-8] [(8)-7]

Fishing—anadromous, cold-water, 1369 1665-2020 514 1602-1958 397

saltwater, warm water [23-46] [17-41]

Non-motorised winter activities

Downhill skiing, snowboarding 178 274-437 179 258-422 165
[61-150] [50-146]

Undeveloped skiing—cross-country, 52 69-87 29 28-64 5)

snow-shoeing [35-70] [(45)-25)

Non-motorised water

Swimming, snorkelling, surfing, diving 3476 5037-6429 2446 4396-6257 2298
[46-83] [42-80]

Floating—canoeing, kayaking, rafting 262 338-422 128 309-409 83
[30-62] [18-56]

Source: National Survey of Recreation and the Environment (NSRE) 2005-2009, Versions 1 to 4 (January 2005 to April
2009). n = 24,073 (USDA Forest Service 2009)
*Activities are individual or activity composites derived from the NSRE. Participants are determined by the product of
the average weighted frequency of participation by activity for NSRE data from 2005 to 2009 and the adult (>16) popu-
lation in the USA during 2008 (235.4 million)
"Because of small population and income differences, initial values for 2008 differ across PRA scenarios, thus an aver-

age is used for a starting value

‘Participant range across Resources Planning Act (RPA) scenarios A1B, A2, and B2, without climate considerations
dParticipant range across RPA scenarios A1B, A2, and B2, each with three selected climate futures

*Parentheses denote negative number
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Table 11.6 Once a week participation in funded sports (16 years and over)—Sport England: Active People Survey 10
(October 2015-September 2016) (Source: https://www.sportengland.org/media/11746/1x30_sport_16plus-factsheet_

aps10.pdf)

Sport England NGB 13-17

Active People Survey 10 (October 2015—September 2016)

Funded sports % n

Swimming 5.67 2,516,700
Athletics 5.01 2,217,800
Cycling 4.40 1,950,300
Football 4.21 1,844,900
Golf 1.64 729,300
Exercise, movement, & dance 0.98 437,200
Badminton 0.97 425,800
Tennis 0.90 398,100
Equestrian 0.64 282,400
Bowls 1.33 211,900
Squash & racquetball 0.45 199,500
Rugby union 0.46 199,000
Netball 0.42 180,200
Boxing 0.36 159,000
Cricket 0.36 158,500
Basketball 0.35 150,800
Mountaineering 0.25 110,200
Table tennis 0.24 107,100
Angling 0.24 106,200
Snowsport 0.23 99,800
Hockey 0.22 92,700
Weightlifting 0.20 88,100
Rowing 0.19 83,400
Gymnastics 0.15 65,100
Shooting 0.13 56,600
Sailing 0.10 45,600
Rugby league 0.10 44,900
Canoeing 0.09 41,900
Volleyball 0.08 33,800
Archery 0.07 32,400
Taekwondo 0.06 23,900
Judo 0.04 18,900
Rounders 0.03 12,800

Source: Sport England’s Active People Survey

standards) ski resort in the northern Cairngorm
mountains in Eastern Scotland. Since 1960, the
construction of chairlifts, ski tows, and buildings
on Cairngorm has resulted in the exposure of
arcas of mineral soil. Watson et al. (1970)
reported that the building of new roads and ski
lifts, and a consequent increase of human traffic
in summer and winter, had damaged vegetation
and soils on mountain tundra in Scotland. This
made an eyesore in a tourist area of high environ-
mental quality and led to erosion which is a seri-

ous potential threat to the roads and ski lifts
themselves. Watson et al. (1970) carried out field
surveys and experimental studies of erosion,
compaction, vegetation damage, and the use of
paths, as well as assessments of the success of
various methods of rehabilitation on different
kinds of substrate. In places accelerated erosion
(since 1964) had occurred and surface material
had been deposited in fans downslope, often onto
otherwise undamaged vegetation. Later, Bayfield
(1974) found that the extent of accelerated ero-
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Fig. 11.7 Number of people who ski in Europe as of 2016, by country (in 1000). Source: https://www.statista.com/
statistics/660546/europe-number-of-people-skiing-by-country/, accessed 20 March 2018
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sion from ground damaged near ski lifts reached
a peak in about 1969, with a marked decline since
then. This decline was attributable to reseeding of
damaged ground, provision of drains, and grad-
ing of dirt roads. Burial experiments showed that
where erosion debris had covered vegetation,
recovery at best took several years and with
depths above about 7 cm, was almost negligible.

Bayfield (1980) reported that areas of dis-
turbed ground up to 1100 m in altitude, used for
skiing in the Cairngorm Mountains, Scotland,
and the verges of a new road to the ski area, had
been seeded by the chairlift operators and the
roads authorities, between 1966 and 1968. The
establishment of the seed mixtures, and the sub-
sequent invasion by self-sown species, was fol-
lowed from 1969 to 1976. On the lower ground
(up to 850 m) invasion by heather (Calluna vul-
garis) was very successful, but on higher ground
colonisation by indigenous species was poor.
Bryophytes, however, were successful at all alti-
tudes, producing about 20% cover after one year
and 50% or more after eight years. Most colonis-
ing vascular plants were also present in the sur-
rounding undisturbed vegetation, but there were
also a number of opportunist species. These sur-
vived better than the local species in places such
as road margins, where disturbance continued.
Lowland (60-210 m) turves transplanted satis-
factorily to altitudes up to 1200 m but did not
increase much in size except at the lowest sites
(650-690 m).

Watson (1985) conducted a survey at
Cairngorm during 1981 which showed severe
damage extending on to the adjacent plateau well
inside the Cairngorms National Nature Reserve.
It was distinguished from natural damage by
diagnostic features associated with human foot-
prints. Areas visited by many people showed
more plant damage and soil erosion than areas
seldom visited. Disturbed land covered 403 ha,
17% of it in the Reserve. Disturbed land had a
higher proportion of grit lying on vegetation than
undisturbed land, a lower proportion of ground
covered by vegetation, a higher proportion of
damaged vegetation, and a higher frequency of
plant burial, rill erosion, and dislodged stones
and soil. Disturbed land had less bilberry, least

willow, ground lichens and mosses, and other
species besides grasses, sedges, and rushes. On
slopes of 15-29°, foot-slipping increased with
slope gradient on disturbed but not undisturbed
land. Disturbed soil had less water, fine particles,
and organic matter.

Bayfield (1996) examined the long-term
effects of grass seeding at the Cairngorm ski area
on the colonisation of bulldozed ground by native
species. He monitored the colonisation of three
bulldozed pistes (ski runs) on Cairngorm over
25 years. Two pistes were seeded and fertilised at
the time of construction and the third was left
unsown. By the end of the study, the seeded
ground blended well with the surrounding ground,
but the unsown piste remained visually conspicu-
ous because of the high proportion of bare ground
(>60%). Cover on seeded ground was mainly
sown grasses and mosses for the first nine years,
but after that the cover of sown grasses declined
whereas moss cover peaked after 18 years. Cover
of local vascular plant species gradually increased,
and after 25 years it exceeded that of the sown
grasses. Vascular species made up 21% of the
total at 1180 m and 32% at 1000 m. On unseeded
ground, vegetation cover was much lower than on
seeded ground on every occasion. Mosses,
grasses, and forbs tended to be more prevalent at
seeded sites than on intact ground. Some charac-
teristic species of intact ground, such as Empetrum
nigrum and Carex bigelowii, were uncommon on
seeded ground. Most local vascular species were
more effective colonists of seeded than of
untreated ground. An exception was Juncus trifi-
dus, which was more successful on unsown
ground. Some sown species had persisted for
25 years and might take another 10-15 years or
longer to disappear. It seems likely that the vege-
tation of disturbed ground will remain botanically
distinct from that of the surroundings because of
ineffective colonisation by certain key species
and because of the influence of late snowlie.
Bayfield concluded that grass seeding substan-
tially enhanced colonisation by native species.

Snow grooming is the process of manipulating
snow for recreational uses with a tractor, snow-
mobile, piste caterpillar, truck, or snowcat towing
specialised equipment. The process is used to
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maintain ski hills, cross-country ski trails, and
snowmobile trails by grooming (moving, flatten-
ing, or compacting) the snow on them. A snow
groomer is usually employed to pack snow and
improve skiing and snowboarding and snowmo-
bile trail conditions. The resulting pattern on the
snow is known as corduroy and is widely regarded
as a good surface on which to ski or ride. Snow
groomers can also move accumulated snow made
by snow machines as part of a process, called
“snow farming.” Skiing at the end of season
(Fig. 11.8A) or on thin snow cover (Fig. 11.8B)
can result in damage to soil and vegetation from
the passing of the sharp edges of skis.

Fahey et al. (1999) investigated the effect of
snow grooming on snow properties at Treble
Cone Ski Field north of Queenstown in South
Island, New Zealand. Snow depth, density, equiv-
alent water content, and hardness were monitored
in the NZ winter along transects at five non-
groomed and four groomed slopes in late July,
late August, and late September 1997. Average
densities measured for transects on groomed
slopes were 36% higher than those on non-
groomed slopes. There was 45% more water
available on average from the snowpack on
groomed slopes than on non-groomed slopes.
Snow hardness was 400% higher across groomed
transects in late July but only 40% higher in late
September. Increases in snow density and hard-
ness attributed to snow grooming are similar to
those observed overseas but lie at the low end of

the range. They are probably sufficient to inhibit
or delay soil bacterial activity and subsequent lit-
ter decomposition.

The production of artificial snow and the use
of snow additives in ski resorts have increased
considerably during the last two to three decades.
The impact on the environment provokes con-
cern. Rixen et al. (2003) compiled a review of
studies about the ecological implications of pre-
paring and grooming ski-pistes in general and of
artificial snow production in particular. In com-
mon with Fahey et al. (1999), they found that the
main direct impacts of ski-piste preparation on
the vegetation were related to the compaction of
the snow cover, namely, the induction of soil
frost, the formation of ice layers, mechanical
damage, and a delay in plant development. The
vegetation reacts with changes in species compo-
sition and a decrease in biodiversity. Artificial
snowmaking modifies some of these impacts: the
soil frost is mitigated due to better insulation of
the snowpack, whereas the formation of ice lay-
ers is not considerably changed.

The mechanical impacts of snow-grooming
vehicles are reduced after artificial snowmaking
due to the deeper snow cover. The delay of the
vegetation development is enhanced by a consid-
erably postponed snowmelt. Furthermore, artifi-
cial snowmaking induces new impacts to the
alpine environment which include the input of
water and ions to ski-pistes, which can have a fer-
tilising effect and hence change the plant species

Fig. 11.8 (A) End-of-season skiing at Val Thorens,
France, shows some damage to the soil and vegetation on
runs and how artificial snowmaking can be used to extend
the ski season at lower altitudes. Photo by Tim Stott. (B)

Skiing on thin snow cover at Lecht Ski Resort in Scotland
can result in damage to soil and vegetation around the
edges of runs. Photo by Tim Stott
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composition. Increasingly, snow additives, made
of  potentially  phytopathogenic  bacteria
(Lagriffoul et al. 2010), are used for snow pro-
duction. They enhance ice crystal formation due
to their ice nucleation activity. Although steril-
ised, additives are reported to have affected the
growth of some alpine plant species in laboratory
experiments. Salts are applied not only but pref-
erably on snowed pistes to improve the snow
quality for ski races. The environmental impacts
of most salts have not yet been investigated, but a
commonly used nitrate salt has intense fertilising
properties. Although snowmaking reduces some
of the negative impacts of ski-piste preparation in
general, new impacts induced by snowmaking
might be non-beneficial to the vegetation.

Following their review, Rixen et al. (2004)
measured snow depth and density from groomed
ski-pistes with compacted snow and their effects
on ground temperatures and timing of snowmelt.
They analysed groomed pistes with and without
artificial snow (ten each) as well as adjacent ung-
roomed off-piste control plots beside the piste.
On pistes with natural snow, the thin and com-
pacted snow cover led to severe and long-lasting
seasonal soil frost. On pistes with artificial snow,
soil frost occurred less frequently because of
increased insulation due to the greater snow
depth. However, due to the greater snow mass,
the beginning of the snow-free season was
delayed by more than two weeks. Average winter
ground temperatures under a continuous Snow
cover were decreased by approximately 1 °C on
both piste types compared with off-piste control
plots. The results suggest that the heat balance of
alpine soils is changed by both piste types, either
by an extensive heat loss on pistes with natural
snow or by prolonged snow cover on pistes with
artificial snow.

Wipf et al. (2005) investigated the effects of
ski-piste management on vegetation structure
and composition in 12 Swiss alpine ski resorts
using a pairwise design of 38 plots on ski-pistes
and 38 adjacent plots off-piste. Plots on ski-pistes
had lower species richness and productivity, and
lower abundance and cover of woody plants and
early flowering species, than reference plots.
Plots on machine-graded pistes had higher indi-

cator values for nutrients and light and lower veg-
etation cover, productivity, species diversity, and
abundance of early flowering and woody plants.
Time since machine-grading did not reduce the
impacts of machine-grading, even for those plots
where revegetation had been attempted by sow-
ing. The longer artificial snow had been used on
ski-pistes (2—15 years), the higher the moisture
and nutrient indicator values. Longer use also
affected species composition by increasing the
abundance of woody plants, snowbed species,
and late-flowering species and decreasing wind-
edge species. Wipf et al. (2005) concluded that
all types of ski-piste management cause devia-
tions from the natural structure and composition
of alpine vegetation and lead to lower plant spe-
cies diversity. Machine-grading causes particu-
larly severe and lasting impacts on alpine
vegetation, which do not improve with time or by
revegetation measures. The impacts of artificial
snow increase with the period of time since it was
first applied to ski-piste vegetation. Extensive
machine-grading and snow production should be
avoided, especially in areas where nutrient and
water input are a concern. They recommended
that ski-pistes should not be established in areas
where the alpine vegetation has a high conserva-
tion value.

Rolando et al. (2007) stated that treeless
mountainous areas at high altitudes have
increased in value as wildlife habitat but have
been increasingly threatened by ski-resort devel-
opments, in particular by the construction and
enlargement of ski-pistes. They compared bird
diversity and community composition in circular
plots centred on (1) ski runs of recent construc-
tion, (2) grassland habitats adjacent to ski runs,
and (3) natural grassland habitats far from the ski
runs. Not surprisingly, plots located in natural
grasslands supported the greatest bird species
richness and diversity and the greatest grassland
species density, whereas those set in ski-pistes
presented the lowest values. Plots located beside
ski runs did not support smaller numbers of bird
species and diversity than plots of natural areas,
but they supported a significantly lower bird den-
sity. This suggests that ski-pistes, besides exert-
ing a negative direct effect on the structure of
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local bird communities, may also exert an indi-
rect, detrimental effect on bird density in nearby
patches. Generalised linear models showed that
species richness and diversity, and abundance of
grassland species were best modelled by combi-
nations of factors, including habitat type (the
three categories defined above) and altitude. The
category ski run, in particular, was negatively
correlated with species richness, diversity, and
abundance, and altitude was negatively associ-
ated with richness and diversity. Richness and
abundance of arthropods were significantly lower
in ski-pistes than in the other plot types. Given
that many invertebrates were preyed upon by
birds, low food availability on ski runs may be
one of the factors reducing the attractiveness of
these patches to birds. Retaining the avifauna
around ski resorts is likely to involve developing
new, environmentally friendly ways of construct-
ing pistes, such as only removing rocks and/or
levelling the roughest ground surfaces, to pre-
serve as much soil and natural vegetation as pos-
sible. They recommended that restoration of
ski-pistes should promote the recovery and main-
tenance of local vegetation to enhance inverte-
brate and bird assemblages. However, in order to
not compromise the safety of the ski runs, they
conceded that it may be necessary to control
encroaching shrubs through pruning and/or cattle
grazing.

Barni et al. (2007) conducted their study at the
Monterosa Ski Resort (Val d’Ayas, Aosta, Italy)
and aimed to evaluate (1) how disturbance related
to ski-run construction at high altitude (2200-
2600 m a.s.l.) had affected vegetation and soil
properties compared to undisturbed sites and (2)
how vegetation and soil properties changed in
machine-graded ski runs with increasing time
after hydroseeding (a planting process that uses a
slurry of seed and mulch). Herbaceous cover and
specific composition, root density, physico-
chemical soil properties, and aggregate stability
were evaluated to determine the vegetation and
soil dynamics of four runs constructed above tim-
berline and hydroseeded 4, 6, 10, and 12 years
ago, respectively, and of the adjacent undisturbed
alpine pasture as control. The seeded species had

quickly formed a cover that was still high even
after ten years. However, cover values were
always extremely low for wild species, and this
could be related to their strategies and to altered
soil properties (higher pH, organic matter impov-
erishment, and loss of both fine particles and
aggregates). The study indicated that more has to
be done to conserve or restore physico-chemical
soil properties as a decisive factor in establishing
a self-sustaining native plant community.

Burt and Rice (2009) pointed out that ski-run
creation always results in some level of distur-
bance, but disturbance intensity varies greatly
with the construction method. Ski runs may be
established either by clearing (cutting and remov-
ing tall vegetation) or by clearing and then
machine-grading (levelling the soil surface with
heavy equipment). In order to quantify how these
different intensities of initial disturbance affected
ecosystem properties, they extensively surveyed
vegetation, soils, and environmental characteris-
tics on cleared ski runs, graded ski runs, and adja-
cent reference forests across seven large downhill
ski resorts in the northern Sierra Nevada,
USA. They found that the greater disturbance
intensity associated with grading resulted in
greater impacts on all ecosystem properties
considered, including plant community composi-
tion and diversity, soil characteristics relating to
processes of nutrient cycling and retention, and
measures of erosion potential. They also found
that cleared ski runs retained many ecological
similarities to reference forests and may even
offer some added benefits by possessing greater
plant species and functional diversity than either
forests or graded runs. Because grading is more
damaging to multiple indicators of ecosystem
function, they recommended that clearing rather
than grading should be used to create ski slopes
wherever practical.

Using the latest survey technology, Fidelus-
Orzechowska et al. (2018) examined the impact
of new ski developments in Poland. The purpose
of their study was to quantify ongoing change
patterns via: (1) a determination of spatial and
quantitative changes in catchment covered by
new ski runs, (2) a determination of the effect of
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new ski runs on the rejuvenation of relief in val-
leys adjacent to ski runs, and (3) an identification
of changes in the surface runoff pattern before
and after the construction of ski runs. The
research was carried out on two ski runs in the
Remiaszéw  catchment (southern  Poland).
Airborne Laser Scanning (ALS) data from 2013
and 2016 were used in the study along with
Terrestrial Laser Scanning (TLS) data from 2015.
LiDAR (Light Detection and Ranging) point
clouds were interpolated to create multi-temporal
digital elevation models (DEMs), and then by
subtraction, these DEMs were used to identify
erosion and accumulation zones. The largest
changes in relief were observed in areas with ski
runs, with one ski run lowering an average of
0.07 m (+0.03 m) and the other an average of
0.12 m (+0.03 m). By comparison the entire area
lowered about 0.02 m. The construction of new
ski runs therefore resulted in a rejuvenation of
denudation valleys located in the vicinity of
existing ski runs. Valley incisions reaching 1.5 m
(2£0.15 m) were observed. Both the convergence
and divergence zones for surface runoff were
identified, which made it possible to show
changes in the geometry of flow direction. The
identification of these sites may help forecast
erosion and deposition zones.

de Jong et al. (2014) investigated the soil
properties, compaction, and infiltration charac-
teristics on ski slopes and compared to natural
sites for three different ski resorts (Les Menuires,
La Rosiere, and Foppolo) in the French and
Italian Alps. The results showed that soil proper-
ties differed substantially, with lower nitrogen
and carbon content and higher pH on ski runs.
Soil compaction was up to three times higher,
and infiltration took up to four times longer on
ski slopes compared to natural sites. Some new
ski slopes were even 100% impermeable. This
explains why ski slopes are more prone to land-
slides and sheet, rill, and gully erosion and have a
distinct vegetation cover.

There is less research into the environmental
impacts of “off-piste” skiing which includes
cross-country (or Nordic) skiing, ski mountain-
eering, and snowshoeing. Torn et al. (2009)

examined the impacts of hiking, cross-country
skiing, and horse riding on trail characteristics
and vegetation in Northern Finland. Widths and
depths of existing trails and vegetation on trails
and in the neighbouring forests were monitored
in two research sites during 2001 and 2002. Trail
characteristics and vegetation were clearly
related to the recreational activity, research site,
and forest type. Horse trails were as deep as hik-
ing trails, even though the annual number of
users was 150-fold higher on the hiking trails.
Simultaneously, cross-country skiing had the
least effect on trails due to the protective snow
cover during winter.

Steinbauer et al. (2017) proposed that space
requirements by winter sports and accelerating
global warming are usually perceived as stressors
for mountain meadow plant communities. Cross-
country ski track preparation (i.e. grooming),
however, might retard the effects of climate
change and, being limited in space requirements,
might increase abiotic heterogeneity. The effect of
cross-country ski tracks on meadow vegetation
was quantified along a representative ski track
that had been operated for 30 years in the
Fichtelgebirge, a low mountain range in central
Europe. Paired sampling was implemented to
assess the effect of skiing operations on snow and
soil properties, plant phenology, biomass produc-
tion, and species composition. Additionally,
boosted regression tree analyses were used to
quantify the relative importance of the cross-
country ski track compared to other environmen-
tal conditions. In common with the aforementioned
research on snow grooming on pistes, they found
that the cross-country ski track strongly increased
snow density, enhanced soil frost, and retarded
snowmelt, thereby delaying flower phenology (by
2.1 days) and the early development stages of
plant species on the track. However, biomass, spe-
cies richness, and species composition were unaf-
fected by skiing operations except for one species
(Leontodon autumnalis) which showed exclusive
occurrence on the track, while four others showed
reduced relative occurrence on the track.

While snow and soil properties were influ-
enced by cross-country ski track preparation,
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natural environmental variability was more influ-
ential for species composition and biomass pro-
duction than the ski track. They therefore
concluded that the ski track—without artificial
snow—did not negatively affect species compo-
sition. By delaying flower phenology, the effects
of the ski track even counteracted global warm-
ing to some degree. Due to their small spatial
extent in the landscape, these ski tracks may add
to environmental heterogeneity and thus support
sustaining diverse species compositions during
environmental changes.

11.4.2 Impacts of Snow Sport
on Wildlife

Since 1960, the construction of chairlifts, ski
tows, and buildings on Cairngorm has resulted in
the exposure of areas of mineral soil. Watson
et al. (1970) noted that these developments posed
a threat to populations of animals, due to direct
disturbance or indirectly to habitat change. In
their 1970 paper, Watson et al. compared condi-
tions in the Scottish mountains and in arctic
North America and described a research pro-
gramme by a small team studying human impact
near the Scottish ski lifts. Research on animal
populations showed that there had been no effect
at that point on rock ptarmigan or red grouse
(willow ptarmigan) populations or on dotterel
and other species; however there had been less
daylight use of the developed areas by deer.

In further work, Watson (1979) made counts
of animals on Scottish skiing areas to find whether
human impact was affecting their numbers. More
people, dogs, crows, and snow buntings were
seen on these disturbed areas after than before the
ski developments. After the developments, how-
ever, more people and dogs were on disturbed
areas than on undisturbed areas visited by very
few people. He found that spring densities and
breeding success of the native ptarmigan and red
grouse did not differ between disturbed and
undisturbed areas, and likewise neither did spring
densities of meadow pipits and wheatears.
Although ski-lift wires killed some ptarmigan
and red grouse, this had no detectable influence

on their breeding populations. At Cairngorm,
more sheep, reindeer, and the native mountain
hares occurred on disturbed areas; they concen-
trated on small patches that had been treated with
grass seeds and fertiliser to reduce soil erosion.
More pied wagtails, crows, rooks, gulls, and
snow buntings, which fed frequently on waste
human food, were seen on disturbed than on
undisturbed areas, especially around car parks.
Watson concluded by saying that the influx and
increase of these scavenging bird species had
occurred on ground adjacent to two national
nature reserves on fairly natural, rare arctic-
alpine habitats.

Continuing these studies at the same ski area
in the Cairngorms, Watson and Moss (2004)
reported adverse impacts on numbers and breed-
ing success of ptarmigan (Lagopus mutus)
between 1967 and 1996, where ptarmigan nor-
mally shows ten-year population cycles. An
influx of carrion crows (Corvus corone), general-
ist predators, followed the ski area development.
On the most developed area near the main car
park, ptarmigan occurred at high density but then
lost nests to frequent crows, reared abnormally
few broods, died flying into ski-lift wires, and
declined until none bred for many summers. On a
nearby higher area with fewer wires, ptarmigan
lost nests to frequent crows and reared abnormally
few broods, but seldom died on wires. Adult
numbers declined and then became unusually
steady for over two decades, with no significant
cycle. On a third area further from the car park,
ptarmigan lost fewer nests to the less frequent
crows but bred more poorly than in the massif’s
centre and showed cycles of lower amplitude. On
a fourth area yet further away, with few or no
crows, ptarmigan bred as well as in the massif’s
centre and showed cycles of the same amplitude.

Negro et al. (2009) assessed the effect of for-
est clearing for winter sport activities on ground-
dwelling arthropods (viz. ground beetles and
spiders) and small mammals (shrews and voles)
at two ski resorts in north-western Italian Alps by
pitfall trapping. Measures of diversity (mean
abundance, species richness, and Shannon index)
of spiders and macropterous carabids increased
from forest interior to open habitats (i.e. ski-piste
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or pasture), whereas parameters of brachypterous
carabids significantly decreased from forest inte-
rior to open habitats. Diversity measures of mac-
ropterous ground beetles were higher on pastures
than on ski-pistes. Small mammals were virtually
absent from ski-pistes. Observed frequencies in
the three adjacent habitats were significantly dif-
ferent from expected ones for the bank vole
Myodes glareolus and the pygmy shrew Sorex
minutus. Generalised linear models showed that
abundance, species richness, and diversity of spi-
ders and macropterous carabids of ski-pistes
were best modelled by a combination of factors,
including grass cover and width of the ski-piste.
Indicator species analysis showed that species
that significantly preferred ski-pistes were less
than those preferring pastures, and species which
were exclusive of ski-pistes were very few. They
recommended that in order to retain the arthro-
pod ground-dwelling fauna of open habitats,
environmentally friendly ways of constructing
pistes should be developed. After tree clearing,
only the roughest ground surfaces should be lev-
elled, in order to preserve as much natural vege-
tation as possible. Where necessary, ski-pistes
should be restored through the recovery of local
vegetation. In a second study, Negro et al. (2010)
analysed the effect of ski-pistes on the abundance
and species richness of arthropods (viz. carabids,
spiders, opilionids, and grasshoppers) trapped in
grasslands adjacent to the ski run, on ski-pistes,
and at the edge between these two habitat types.
Their results showed that diversity of brachypter-
ous carabids, spiders, and grasshoppers decreased
significantly from natural grasslands to ski-pistes.
This was not true for the macropterous carabid
guild, which included species with contrasting
ecological requirements. Analysis of indicator
species showed that most of the species (some of
them restricted areas in the north-western Alps)
had clear preferences for natural grassland and
few taxa were limited to ski-pistes. Generalised
linear models suggested that the local extent of
grass and rock cover can significantly affect
assemblages: the low grass cover of ski-pistes, in
particular, was a serious hindrance to colonisa-
tion by spider, grasshopper, brachypterous, and
some macropterous carabid species. The results

obtained, support concerns over the possible dis-
ruption of local ecosystem functionality, and over
the conservation of arthropod species which are
endemic to restricted alpine areas. In order to
retain arthropod ground-dwelling fauna they sug-
gested that: (i) new, environmentally friendly
ways of constructing pistes should be developed
to preserve as much soil and grass cover as pos-
sible and (ii) existing ski-pistes should be restored
through management to promote the recovery of
local vegetation.

Finally, Caprio et al. (2016) found that resto-
ration of grasslands on ski-pistes caused a recov-
ery in the bird community, but not to the extent
that it was equivalent to a natural Alpine grass-
land community. The bird communities in two
ski resorts in the Italian Maritime Alps were sur-
veyed using a standardised area count method in
three different plot types: non-restored ski-pistes
(newly constructed), restored ski-pistes, and con-
trol plots in grassland far from ski-pistes. In 49
independent plots, 32 species were recorded.
Species richness and abundance of birds were
significantly higher on restored than on non-
restored ski-pistes, independently of the species
group considered and the analyses carried out.
Bird community parameters of restored ski-pistes
were still lower than those of natural grassland,
as shown by results of typical grassland species.
Their results suggest that an apparently success-
ful restoration of ski-pistes may be not enough to
promote a complete recovery of bird communi-
ties. The complete recovery of local bird commu-
nities may be promoted only if an integral
recovery of the original vegetal communities is
achieved. They suggested that the best conserva-
tion option is to adopt techniques to maintain as
far as possible original grassland if construction
of new ski-pistes is unavoidable.

11.4.3 Impacts of Snow Sport
on Water Resources

Artificial snowmaking discussed earlier presents
challenges to the water resource requirements of
many ski resorts (de Jong and Barth 2007; de
Jong and Biedler 2012) because it usually draws
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water directly from local lakes which are also the
main water supply of the resort. The Alpine
Convention (2011), in its report “Water in the
alps; striking the balance” stated that:

.. water requirements for snowmaking can be
substantial at a local level, using a considerable
share of the annual water abstraction and can lead
to water conflicts especially in the winter season in
areas where snowmaking stations are connected to

the drinking supply network; this can cause tempo-
rary water shortages. (p. 92)

In an earlier report, the same organisation
(Alpine Convention 2011) criticises that: “The
EU Framework Directive does not include prob-
lems relating to artificial snow installations such
as the impact of chemical snow-making additives
on water quality or the tapping of water to create
artificial snow in times of water shortage.”
However, the 2010 report no longer addresses
this issue. Such shortcomings were mentioned by
de Jong (2014) proposing a new EU tourist direc-
tive, that is, to restrict increasing water use for
tourist resorts and carefully monitor environmen-
tal impacts from an interdisciplinary point of
view to avoid opposing the EU Water and EU
Soils directive.

Kangas et al. (2012) investigated the impact
of ski resorts on water quality of lakes near two
popular ski resorts in Finland. They examined
how water quality problems induced by ski
resorts relate to effects of agriculture and for-
estry on similar lake types. Human impact sig-
nificantly increased nutrient concentrations,
although the differences observed between
impact and control lakes were generally small.
Water quality of the ski resort lakes and lakes
polluted by agriculture and forestry appeared to
be quite similar, with the exception of a small,
humic ski-resort lake with extremely high nutri-
ent concentrations. Two ski-resort lakes and one
agricultural lake failed the total phosphorus cri-
teria set for reaching good ecological status.
Their results indicated that water protection
measures should be considered more carefully
in management of ski resorts.

Forrester and Stott (2016) investigated the
spatial distribution of stream water faecal coli-
form concentrations in specific winter recreation

areas in the northern Corries of the Cairngorm
Mountains, Scotland. A total of 207 water sam-
ples were collected from ten sites during two
winter seasons, 2007-2008 and 2008-2009, and
analysed for the presence of faecal coliforms,
specifically Escherichia coli (E.coli). E.coli was
not detected at the seven sites above 635 m, but
three sites below 635 m (the altitude of the ski
area buildings and car park) had positive detec-
tion rates for E.coli, these being 32%, 35%, and
31% respectively, suggesting that snow holing
was not associated with elevated faecal coliform
levels (their site 1 was right next to the popular
snow-holing sites in Ciste Mhearad) but that the
ski infrastructure was somehow contributing E.
coli to the streams running through it.

Apollo (2017) pointed out how millions of
mountaineers (which presumably includes ski
mountaineers) visiting high-mountain areas gen-
erate tonnes of faeces and cubic hectometres of
urine annually. The proper disposal of human
waste is important for the conservation and
appropriate management of high-mountain areas.
The management can address the issue in three
ways: the good (complete/non-invasive), the bad
(partial/superficial), and the ugly (invasive). With
use of those categories, 20 selected summits from
different parts of the world were evaluated, sepa-
rately in respect to faeces and urine. It was
expected that correct or incorrect disposal of
human waste would depend on the changing alti-
tude and/or development level. Disappointingly,
the correlation between selection criteria (better
or worse solution) and the increase of altitude
does not exist. Similarly, the increase of the
development level does not play a significant
role, especially when urine is taken under consid-
eration. The problem is more global than was
thought. The paper makes recommendations
which could lead to reduction of this problem.

In Chap. 5 we discussed how lead and hydro-
carbons from snowmobile exhaust were found in
the water at high levels during the week follow-
ing ice-out in a Maine pond (Adams 1975), and
that fingerling brook trout (Salvelinus fontinalis)
held in fish cages in the pond showed lead and
hydrocarbon uptake. Snowmobiles, and a range
of other snow-grooming machines, are used at
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most ski resorts and so it is quite possible that
hydrocarbons from both exhaust fumes and pet-
rol or oil spills or leakages can contaminate snow
which, when it melts, reaches soil water, ground-
water, and streams/lakes.

During a three-month monitoring campaign
by Kallenborn et al. (2011) in very high atmo-
spheric levels of benzene-toluene-xylene
(BTX)-related emissions were found during
daytime along the main snowmobile routes in
Longyearbyen, Svalbard, during the late winter
season (main tourist season) in 2007. Total
emissions of about 81 t/year were estimated for
2007 solely for snowmobile activities. Two-
stroke engine-driven vehicles were estimated to
contribute around 92% (74 t/a) of the hydrocar-
bon emissions. Such data are likely to apply to
snowmobiles used for transport (and sometimes
tourist tours) in ski resorts.

11.5 Management and Education

Future management of snow sport must surely
take account of the predicted future changes in
climate.

11.5.1 Effects of Climate Change
on Snow Sport

Changes in the spatial extent and duration of win-
ter snow cover, both in Scotland and in a wider
global context, have a number of socio-economic
and environmental implications. Evidence from
Scottish climatological presented by Harrison
et al. (2001) stations appeared to suggest that the
most marked decrease in the number of days with
snow lying has occurred since the late 1970s.
Information on the effects of these changes was
gathered using a questionnaire which was sent to
key stakeholders. Responses suggest deleterious
effects on winter recreation and sports, upland
habitats, and flood regimes in Scottish rivers. An
extended snow-free season has affected access to,
and management of, Scottish land.

Moen and Fredman (2007) reported that
annual snow cover extent in the northern hemi-

sphere had decreased by about 10% since 1966,
and in Sweden, the last decade was wetter and
warmer than the preceding 30-year period. These
changes will affect many aspects of utilisation
patterns that are dependent on the physical envi-
ronment, such as alpine winter tourism. In their
paper they discuss the future development of the
downhill skiing industry in Sweden, (1) review-
ing trends in alpine winter tourism in relation to
climate change, (2) examining trends in climate
parameters relevant to alpine winter tourism in
Sweden during the last 30 years, and (3) using
these parameters, together with regional projec-
tions of climate change, predicting the effects on
the number of skiing days in order to estimate the
monetary loss for the skiing industry in Sweden.
Their analyses showed predicted losses that were
larger than current ski-ticket sales. Adaptation
strategies such as the development of year-round
tourist activities that should be developed as soon
as possible were recommended.

While the ski industry has become one of the
main economic activities for many mountain
regions worldwide, Gilaberte-Birdalo et al.
(2014) examined the economic viability of this
activity and stated how it is highly dependent of
the interannual variability of the snow and cli-
matic conditions and that it is jeopardised by
climate warming. In their study, they reviewed
the main scientific literature on the relationship
between climate change and the ski feasibility
under different climate change scenarios. In spite
of the different methodologies and climate
change scenarios used in the reviewed studies,
their findings generally point to a significant
impact of climate change on the ski industry
caused by a reduction in the natural availability
of snow as well as a contraction in the duration of
seasonal conditions suitable for skiing. It empha-
sises that the problem was real and should not be
ignored in the study and management of tourism
in mountain regions. However, there were signifi-
cant differences in the impacts between different
areas. These differences were mainly associated
with the elevation of the ski resorts, their infra-
structures for snowmaking, and the various cli-
mate models, emission scenarios, time horizons,
and scales of analysis used. Their review high-
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lighted the necessity for scientists to harmonise
indicators and methodologies to allow a better
comparison of the results from different studies
and to increase the clarity of the conclusions
transmitted to land managers and policy makers.
Moreover, a better integration of the uncertainty
in the model’s outputs, as well as the treatment
applied to the snowpack in ski slopes is necessary
to provide more accurate indications on how this
sector will respond to climate change.

Figure 11.9 shows the decrease in the number
of ski days and the percentage of ski resorts

Temperature increase (°C)

within a particular region that should be closed as
a function of various scenarios of climate warm-
ing. The studies from which Fig. 11.9 was
derived, and the other studies reviewed by
Gilaberte-Burdalo et al. (2014), highlight how
sensitive the ski industry is to increasing temper-
ature but also the large variability in skiability in
response to similar warming rates. For example,
changes in the number of ski days in response to
climate warming at two resorts located in Andorra
differed markedly (Pons-Pons et al. 2012). These
differences can be largely explained by the aver-
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age altitude of the resorts, or the latitude of the
mountain regions involved. Thus, colder areas
(because of high altitude or latitudinal location)
are less affected by climate change or may even
benefit through spillover from lower-altitude
resorts that are more vulnerable to the effects of
climate change.

Wobus et al. (2017) used a physically based
water and energy balance model to simulate nat-
ural snow accumulation at 247 winter recreation
locations across the continental USA. They com-
bined this model with projections of snowmak-
ing conditions to determine downhill skiing,
cross-country skiing, and snowmobiling season
lengths under baseline and future climates, using
data from five climate models and two emissions
scenarios. Projected season lengths were com-
bined with baseline estimates of winter recre-
ation activity, entrance fee information, and
potential changes in population to estimate the
financial cost of impacts to the selected winter
recreation activity categories for the years 2050
and 2090. Their results identified changes in win-
ter recreation season lengths across the USA that
vary by location, recreational activity type, and
climate scenario. However, virtually all locations
were projected to see reductions in winter recre-
ation season lengths, exceeding 50% by 2050
and 80% in 2090 for some downhill skiing loca-
tions. They estimated that these season length
changes could result in millions to tens of mil-
lions of foregone recreational visits annually by
2050, with an annual financial cost of hundreds
of millions of dollars. Comparing results from
the alternative emission scenarios shows that
limiting global greenhouse gas emissions could
both delay and substantially reduce adverse
impacts to the winter recreation industry.

11.5.2 Do Ski Resorts Need
to Become “Greener”
for Tourism to Become
Sustainable?

For a growing number of skiers, the sport repre-
sents one of the great dilemmas and conflicts
between recreational enjoyment of the countryside
and the conservation of the fragile Alpine and

mountain areas where skiing inevitably takes
place. Hudson (1996) pointed out how the situa-
tion was particularly acute in the European Alps
where, in the 1990s, the issue had been given a
high profile by many concerned environmentalists.
Hudson’s paper looks at the impact of skiing on the
environment both in North America and in Europe
and at the emerging concept of sustainability. The
author looks at the marketing opportunities for
destinations seeking to green their operations and
uses Verbier in Switzerland as a case study.

The development of tourism in mountain areas
can have profound influences on both the local
economy and physical environment. Holden
(1999) claimed that as the concept of sustainabil-
ity became more important in policy making and
that the future of downhill skiing in mountain
areas would become more uncertain. However,
the extent to which policy might shift from an
anthropocentric bias towards a more eco-centric
approach is uncertain. One mountainous area that
has recently developed a sustainable manage-
ment strategy is the Cairngorms area of the
Scottish Highlands. The development of down-
hill skiing in this area is highly contentious owing
to the uniqueness of the physical environment.
Using the case study and different perspectives
on sustainability, Holden evaluated the role of
downhill skiing as part of a sustainable policy for
mountain areas.

One could argue that in terms of agricultural
production, the high altitude mountain areas used
for skiing are not taking up land which much eco-
nomic value in terms of agriculture production.
Instead, they are turning this marginal (almost
waste?) land into a valuable economic resource.
The actual area of the world’s mountains that is
taken up by ski infrastructure is tiny in compari-
son to the total. So, there are still plenty of moun-
tains left for others to enjoy.

The United Nations (UN) claimed that
“whenever a person engages in sport there is an
impact on the environment” (UN 2010). Spector
et al. (2012) examined the safeguarding of the
natural environment, or environmental sustain-
ability (ES), in sport by studying the level of
environmentally responsible actions for ski
resorts in the USA. They focused specifically on
the USA ski industry and examined Ski Resort’s
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Environmental Communications (SRECs) stated
on each of 82 resort websites. The methods
included rating these communications for their
prominence, breadth, and depth based on the
environmental categories in the US Sustainable
Slopes Program (SSP) Charter. Based on both
these SREC ratings and the grades assigned to
each resort by the Ski Area Citizens Coalition
(SACCQC), the resorts were classified as inactive,
exploitive, reactive, or proactive using an adap-
tion of Hudson and Miller’s (2005) model. The
results provided an assessment of the level of
environmentally responsible actions taken by
the ski resorts. Future research still needs to
examine the motivations behind ski resort publi-
cations on environmental communications and
the likelihood of skiers selecting resorts based
on the environmental communications posted on
websites.

11.5.3 Concluding Comments

Clearly there are a number examples of research
which indicate that the development of ski
resorts, in particular bulldozing the ground to
make it suitable for ski-pistes, results in soil ero-
sion; modification of the natural landscape shape,
gullies, and fans; removal of vegetation; and
changes in species composition years after the
runs were constructed. Reseeding experiments
have had some degree of success but still do not
return the flora back to its natural state. There are
reported changes in soil structure, compaction,
and the addition of chemicals resulting from arti-
ficial snowmaking. The research also showed
reductions in bird species like ptarmigan and
increases in crows. All these studies demonstrate
some impact, but how to mitigate this is more dif-
ficult. It is likely that with the future climate sce-
narios (or warming) that ski resorts are likely to
become even more dependent on artificial snow-
making, bringing greater pressures on the water
resources of ski resorts and surrounding moun-
tain communities.

Off-piste skiing (ski mountaineering, cross-
country/Nordic, and showshoeing) is not associ-
ated with these same issues. The main concerns
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with these pursuits are those discussed in Chap. 8
about waste disposal in wilderness environments
in winter.

Conclusions

1. Skiing can be a means of transport, a
recreational activity, or a competitive
winter sport in which skis are used to
glide on snow. Many types of com-
petitive skiing events are recognised
by the IOC and the FIS. The term
snow sport encompasses alpine, free-
style, snowboard, and Nordic skiing.

2. Off-piste snow sport includes ski
mountaineering, cross-country, and
snowshoeing.

3. The Outdoor Foundation (2017) sur-
vey data for the USA show that, of the
six snow sports disciplines measured
in the survey:

e Alpine/downhill skiing had the
greatest number of participants in
2016 (9,267,000) and a 12.4%
increase over the previous three
years (2014-2016).

* Snowboarding had the second great-
est number of participants in 2016
(7,602,000), showing a 3.4% increase
over the previous three years.

e Cross-country skiing had 4,640,000
participants but the greatest three-
year increase of 40.3%.

e Freestyle skiing with 4,640,000
participants in 2016 had the same
number participating as cross-coun-
try skiing but with only a 2.7%
three-year increase.

e Telemark (downhill) skiing has the
smallest participation numbers in the
six disciplines surveyed (2,848,000)
and a 3.0% three-year increase.

e Snowshoeing had 3,533,000 partici-
pants but showed a —12.3% decrease
in participation in the 2014-2016
period.
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4. Some of the first research into the

impacts of ski resort development on
soils and vegetation from the
Cairngorms, Scotland, began in the
late 1960s and involved field surveys
and experimental studies of erosion,
compaction, vegetation damage, and
the use of paths, as well as assessments
of the success of various methods of
rehabilitation on different kinds of
substrate. The construction of chair-
lifts, ski tows, and buildings on
Cairngorm has resulted in the exposure
of areas of mineral soil followed by
erosion.

. Plant species diversity was changed
following ski-run construction and
bird species and arthropod populations
declined.

. Snow grooming (moving, flattening, or
compacting the snow) increases snow
density and hardness which in turn
inhibits or delays soil bacterial activity
and subsequent litter decomposition.

. Artificial snowmaking induces new
impacts to the alpine environment
which include the input of water and
ions to ski-pistes, which can have a
fertilising effect and hence change the
plant species composition.

. While snow and soil properties were
influenced by cross-country ski track
preparation, natural environmental
variability was more influential for
species composition and biomass pro-
duction than the ski track. The cross-
country ski track—without artificial
snow—did not negatively affect spe-
cies composition. By delaying flower
phenology, the effects of the ski track
even counteracted global warming to
some degree.

. Water consumption for snowmaking can
be substantial at a local level, using a
considerable share of the annual water
abstraction and can lead to water con-
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flicts especially in the winter season in
areas where snowmaking stations are
connected to the drinking supply net-
work, which can cause temporary water
shortages.

10. Several studies have examined the
effect that future predictions for cli-
mate change will have on the winter
tourism industry. The relationship
between temperature increase and the
percent of resorts predicted to close is
generally linear with between 50% and
90% of ski resorts closing with a tem-
perature increase of 4 °C, but the rela-
tionship varies from region to region.
High altitude resorts would be least
affected.
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