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Abstract

Snow cover is an important climatic characteristic as well as a significant recreational attraction of Estonian winter
landscapes. In Estonia, over the last decade, the intensity of various forms of winter recreation has significantly increased.
However, due to climate change the variability of snow cover is increasing year by year. Variations in snow cover are
more significant in lowland areas while uplands retain more stable conditions. In order to identify suitable areas for
developing cross-country ski-tracks likely to retain stable snow cover in what are also psychologically restorative natural
environments, an integrated approach for landscape assessment has been developed. Micro- and meso-scale (1:10 000)
studies of snow cover and climate in a highly diverse landscape were combined with an evaluation of the restorativeness
of natural environments. Integrating snow cover investigations with questionnaire-based restorativeness analysis showed
that forest edges have a higher value for both restorativeness and favourable snow conditions. Edge zones of forests
provide inward and outward views, which were often considered more restorative by respondents. Thus, the routing of
ski tracks towards the forest edge zone would tend to increase the restorativeness as well as giving a longer period of
optimal skiing performance. Taking the micro-climatic conditions into account when planning the layout of cross-country
ski-routes is likely to ensure the most efficient use of natural snow cover and higher quality ski tracks with lower
maintenance costs. This also provides more opportunities for small-scale and family-run tourism enterprises, thus indirectly
supporting the management of cultural landscapes for sustainable development.

Key words: GIS-based modelling, landscape assessment, forest landscape management, SRRS, psychological
restoration, snow cover, winter recreation, cross-country skiing

cover from year to year has been increasing, with some
years having much higher than average and other years
lower than average snowfall (Tooming and Kadaja

Introduction

The last decade has witnessed tourism and rec-

reation, including winter recreation and ski-tourism,
becoming one of the fastest growing industries world-
wide (Report... 2001). Likewise, the economic and so-
cial transitions with sustained economic growth have
favoured the emergence of various forms of winter rec-
reation in Estonia (Statistics Estonia 2004, 2007) of
which cross country skiing is the major form. Snow
cover is an important climatic characteristic as well as
one of the significant recreational attractions of Esto-
nian winter landscapes. For example, the Estonian Ski
Association has been organising the FIS World Cup
series in cross-country skiing at Otepdd since 2001.
However, due to climate change the variability of snow

2006). Therefore, the extensive use of artificial snow
has been needed to guarantee the quality of ski tracks
during years of lower snow cover. According to Lat-
ernser and Schneebeli (2003) the mean snow depth, the
duration of continuous snow cover and the number
of snowfall days all showed a statistically significant
decrease from the early 1980s towards the end of the
20" century throughout the temperate and sub-polar
Northern Hemisphere. In Estonia the changes are more
significant in lowland areas while the uplands have
tended to retain more stable snow cover (Jaagus 1997).

There are several regions in Estonia, such as
Otepdd, Aegviidu, Alutaguse and Haanja, where ski-
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centres have traditionally been located. Cross-coun-
try ski tracks in these centres were originally laid out
without extensive knowledge of or the need for max-
imising snow conditions. Neither has knowledge about
recreational or tourist skiers’ preferences for particu-
lar landscape elements as a recreational setting been
fully considered in planning. Opportunistic planning
of ski-centres based solely on land ownership and top-
ographical features may not yield the highest effec-
tiveness for the physical and psychological enjoyment
of skiing as a recreational activity (Geneletti 2008). For
managers it is an important goal to maximize benefits
from the scarce available resources, ensuring durable
ski tracks with low maintenance costs and high restor-
ative qualities for the wider general public (Yu et al.
2009, Pouta et al. 2009). By meeting those goals it
would be possible to attract even more people to use
outdoor settings to relieve the stress of daily life.

This context sets new and particular challenges
of landscape assessment for recreation. So far, little
extensive research on this subject has been conduct-
ed. Kliskey (2000) has demonstrated an approach
where needs for a specific type of recreation, includ-
ing landscape aspects, have been combined to pro-
duce a suitability map for snowmobiling in the North
Columbia Mountains of British Columbia. In his study,
however, Kliskey was not able fully to take into ac-
count the aspects that determine the snow cover, us-
ing surrogate variables of exposure and elevation in-
stead of a true snow cover model. Additionally, user
preferences for visual aspects were based solely on
the variable of openness. Nevertheless, a similar ap-
proach could be used to determine possible areas for
cross-country skiing.

A number of studies have demonstrated possibil-
ities to incorporate microclimatic conditions caused by
land cover into recreation planning in situations of
warm climates (e.g. Schiller and Karschon 1974, Schiller
2001). It can be inferred that the influence of land
cover on microclimatic conditions and landscape per-
ception should also be considered in landscape assess-
ment for winter recreation (Mansfeld et al. 2007).

Much research has explored the use of scenic
beauty estimation as a contributor to land use deci-
sion making (Daniel 2001, Silvennoinen et al. 2001,
Franco et al. 2003, Arriaza et al. 2004). It can be hy-
pothesized that different vegetation types or groups
of visually similar vegetation types have an influence
on landscape character and thus on the preferences
of people for recreational environments (Cheng et al.
2005, Giil et al. 2006), potentially becoming an impor-
tant factor for designing the routes for cross-country
ski-tracks. Although visual preference plays an impor-
tant part in the formation of landscape perception (i.e.

restorative experience) (Parsons and Daniel 2002), it
is not necessarily the only factor in such experience
(Tahvanainen et al. 2001). Therefore study methods
should use a more comprehensive model specifically
designed to measure restorative effects rather than
using a simplistic rating of views based on visual pref-
erence when trying to determine factors that influence
outdoor recreation.

The concept of “restoration” and “restorative
environments” has received a lot of attention in the
literature (Han 2003, Hartig 1997, Ulrich 1983, Kaplan
1989 etc) and can be linked to the traditional benefits
of recreation in natural areas such as “getting away
from it all”. Numerous studies have focused on the ef-
fects of environment (i.e. natural settings) on restora-
tive experience by measuring reaction to views of dif-
ferent settings (Bjerke et al. 2006, Hartig and Staats
2006, Herzog, Maguire and Nebel 2003, Chang et al.
2008). The degree to which restoration is achieved
through both carrying out a physical activity (which
itself may in part provide an antidote to stress) and
doing so in a natural environment has been explored
to lesser extent. Nevertheless, Korpela et al. (2008)
discuss that physical activity could be a possible de-
terminant of restorative experiences. Some studies have
been able to isolate the benefits of exercise in natural
surroundings as opposed to indoor locations and
shown higher restorative quality of natural environ-
ments (Hug et al. 2009).

The assessment of restoration potential method-
ology is reasonably well-developed. Different scales
have been developed to rate landscapes (from photo-
graphs) in terms of their perceived restorativeness
(Hartig et al. 1997, Han 2003) which provide possibil-
ities to make sophisticated assessment of a landscape
for recreation potential. One of the more recent ap-
proaches is to use a so-called “self reported restora-
tion scale” (or SRRS) which has a broad perspective
integrating both the Kaplan (1989) and Ulrich (1983)
theories of restorative environments. While similar to
Hartig’s revised perceived restorativeness scale RPRS
(Hartig et al. 1997), it also measures the restoration
potential of a given environment but focuses on re-
covery from stress from a broader perspective: not only
on the recovery from mental fatigue (Han 2003). It has
a small number of items (two questions per each of
the dimensions of restoration — emotional, physiolog-
ical, cognitive and behavioural reactions) which makes
its utilisation attractive from the practical point of view.

The preference for different landscape types has
been studied by Ulrich (1986) and Parsons and Daniel
(2002) who show that park-like or savannah-like struc-
tures produce the highest preference scores. Another
notion of Ulrich (1986) is that people tend to prefer
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land cover types with a smooth surface, which favours
movement across them. This would also suggest that
bushes and scrub would be viewed unfavourably as
it hinders walking or skiing through it. The presence
of water features directly or indirectly has also tradi-
tionally resulted in high preferences (Ulrich 1986, Par-
sons and Daniel 2002), although in winter frozen snow-
covered lakes are not necessarily readily identifiable
as water.

When planning new ski tracks it should also be
considered that the location of the person within a
particular landscape influences the character of the
view. Fry and Sarlov-Herlin (1997) suggest designing
paths near the edge of woodland areas which, besides
having many ecological values, also contribute to
aesthetically pleasing qualities and increase the rec-
reation potential of woodlands. It may be hypothesized
that in comparison to a homogeneous view within a
forest, those stands can be more inviting when viewed
inwards from visually open landscapes or produce
attractive views when looking outwards from such
stand-types into the visually open landscape. Addi-
tionally the prospect—refuge theory of Appleton (1975)
suggests that views out to an open landscape from
within vegetation where the viewer can feel hidden
while being able to view surroundings, appear to pro-
duce a positive response. Thus ski tracks which pass
through zones of denser vegetation while offering
views towards open areas may suggest even greater
attractiveness and offer additional physical comfort
through sheltering against wind.

Recommendations on the design of recreational
areas and routes suggest that variety in the experience
is desirable (Kaplan et al. 1998, Bell 2008). Since ski-
ers proceed at some speed through the landscape the
rate of change of the scene — passing from within a
forest stand into an open area, having views out fol-
lowed by views back into the forest — is important.
Studies of how moving views are experienced, suggest
that a viewing duration of 3-5 seconds is needed for
a person to take in a view before the scene changes
again (Bell 2008). This means that the ski route should
also be located to experience different vegetation types
over time, passing through open areas with views of
sufficient scale to enable the view to be enjoyed. This
hypothesis is capable of being tested using the meth-
ods proposed here.

This study aims to provide an integrated approach
for winter landscape assessment by combining micro-
and meso-scale snow cover studies of hilly forest land-
scape with evaluation of its restorative quality in the
context of cross-country skiing in Estonia. The re-
search questions are linked: is it possible to construct
a model for assessing and predicting likely snow con-

ditions in order to optimise ski route layout? and is it
possible to combine snow predictability with forest-
ed skiing landscapes which also provide the most
psychological restoration potential? The study takes
each of these aspects in turn and then combines them.

Material and methods

Study area

Trends of long-term snow cover time series and
regional climate change scenarios show a significant
decrease in snow cover duration (Jaagus 1997, Toom-
ing and Kadaja 2006). There are four main regions in
Estonia where, due to meso-climatic conditions, snow
cover is more stable than elsewhere: Haanja, Alutaguse,
Otepdd and Aegviidu. In this study our investigations
focus on the Haanja Upland which has the country’s
deepest and most long-lasting snow cover. The region
extends to 816 km? in area (Arold 2005) and is the high-
est region in Estonia (the highest point, Suur Munamaé-
gi, at 317.6m above sea level, is also the highest point
in the Baltic countries). The Haanja Upland is located
in the south-east corner of the country (Figure 1).

The Haanja Upland region is a hilly/hummocky
landscape with a variety of different sized moraine hills,
glacio-lacustrine and glacio-fluvial kames, eskers and
sandy plains (around the fringes of the upland). The
upland area is intersected with deep (up to 200 m)
primeval or sub-glacial valleys, mostly filled with gla-
cio-fluvial gravels and sands. This geological struc-
ture makes the topography extremely complex: relative
heights achieve 50—60 m difference and steepness of
slopes can be 30-35°.

Climatically, the Haanja Upland produces an oro-
graphic effect on precipitation (up to 800 mm per year),
which is about 10-20% higher than at the surround-
ing plains, deeper and longer snow cover (up to 4
weeks longer than on the plains) and significant mi-
croclimatic differences between the summits and
slopes of hills and valleys/depressions.

This very diverse relief also determines the high
degree of patchiness of soil distribution and vegeta-
tion cover. The vegetation cover of the present-day
patchy cultural landscape consists of an intricate
mosaic of forests, fields and settlement whose distri-
bution reflects that of the dominant colluvial podzol-
ic and pseudo-podzolic soils. Forests cover 62 % of
the total area (Arold 2005). Since the study area is
located at the southern limit of the boreo-nemoral for-
est zone, two deciduous tree genera (4/nus spp. and
Betula spp.) and two coniferous species (Picea abies
and Pinus sylvestris) are the major constituents in
these woodlands. Arable fields cover 7% and grass-
lands 29% of the area. In the valleys and depressions
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there are over 1000 small peatlands (various mire, fen,
transition bog and raised bog site types) and 170 small
lakes, covering about 1% of the area. Only 1% of the
entire Haanja Upland area can be classified as settle-
ment (Arold 2005). However, typically for Estonian rural
settlements, the farmsteads (about 500) are dispersed
on the area. As a result, a highly natural appearance,
landscape diversity and local cultural heritage make
the Haanja region equally attractive for tourism in
summer and winter.

Construction of the snow prediction model

Orography and land use data

Estonian Basic Map data at a scale of 1:20 000 was
used to derive a digital elevation model, to calculate
slopes and slope aspects and to identify snow accu-
mulation areas in micro-scale depressions. The main
height contours are defined at Sm intervals, supple-
mentary contours being at 2.5 m intervals. In addition,
the local maximum and minimum heights of landforms
are provided as spot heights. Land use, especially the
location of settlement, arable land, grasslands and
abandoned lands were derived from CORINE land cov-
er (1995) which was updated using the Estonian Ba-
sic Map. The composition of the forested areas was
obtained from forest management maps (1:10 000 scale,
updated in 2000) which divide the forest into stands
with distinct age classes, species composition and
growth conditions.

Snow cover and meteorological data

The aim of the snow cover analysis was to study
the spatial and temporal meso- and microclimatic var-

iability of snow depth and duration in the study area.
Snow depth is highly variable within the boundary of
the study area. This variability is caused by the up-
land itself: the shape, the height of the land above sea-
level, its relative height from the foot of the hills, the
degree of variability of relief and land cover. The fol-
lowing parameters: slope aspect and gradient, steep-
ness, surface type and forest density result in differ-
ent distribution of climatic characteristics e.g. wind
exposure, solar radiation and air humidity which have
an effect at the surface (Palo 2004, Tooming and Ka-
daja 2006). This is the main reason behind the high
microclimatic variability of snow cover across the
uplands.

Snow depth measurements were carried out along
10 transects and at 74 points in 15 sample plots dur-
ing the winters of 2001/2002 and 2002/2003 (for loca-
tion of transects see Figure 1). The sampling scheme
was developed specifically to study micro scale spa-
tial variability of snow cover at the Haanja Upland. All
sampling points and transects were created bearing in
mind the aim to cover a wide variety of landscape types
(both homogeneous and heterogeneous), transitional
vegetation types (edge effect), slope angles and as-
pect (orientation). To assess edge effect on snow most
of transects were long enough to extend at least to
two vegetation types (e.g. grassland/forest; grassland/
shrub/forest). Within the forest and dense shrub the
number of sampling points was lower as these types
are physically unsuitable for cross-country skiing and
additional data from forest observation post of EMHI
were extracted (Tooming and Kadaja 2006). More sam-

Figure 1. Location of the study area. The detailed study
area covers orographically varied terrain in the central part
of the Haanja Upland. The main snow cover measurement
plots and transects are marked with dots
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pling points in the forest were located along the nat-
ural forest paths (2-4 m wide) where skiing is possi-
ble. All the main vegetation classes at Haanja Upland
were covered. The snow sampling procedure followed
the regulations of the WMO (World Meteorological
Organisation) applied at meteorological posts.

In addition to snow measurements a topographic
and vegetation survey was also carried out at the
measurement sites. The actual meteorological param-
eters in the central part of the Haanja Upland were
measured using one specially installed automatic
weather station in the central part of the Haanja Up-
land (at Haanja village). The following meteorological
parameters have been recorded since 2000: minimum,
maximum and average air temperature (°C); soil tem-
perature (°C at 10 cm depth); intensity of solar radia-
tion (W/m?); solar energy (Ly); air pressure (mb); wind
speed (m/s); maximum wind speed (m/s); wind direc-
tion (°); wind chill (°C); precipitation (mm); precipita-
tion intensity (cm/hour); relative humidity (%) and dew
point (°C).

Long term climatic and snow cover data were pro-
vided by the Estonian Meteorological and Hydrolog-
ical Institute (EMHI). For the meso-scale analysis data
from 13 EMHI measurement sites (Haanja, Mauri, Ru-
usmée, Plaani, Konnuvere, Varstu, Rouge, Vana-Kasar-
itsa, Krabi, Misso, Vastseliina, Meremie and Otsa) at
the Haanja Upland and around it were used. The time
series began in 1968.

Development of the model

Based on statistical (regression analysis) and geo-
statistical analysis of snow cover data and topograph-
ic information, empirical equations (Eq. 1 and 2) were
worked out to develop a simple empirical GIS model.
This GIS model was used to estimate snow cover depth
and continual snow cover duration in the central part
of the Haanja Upland. Snow cover depth was modelled
as the product of the meso-scale and micro-scale fac-
tors that affect climatic conditions in the upland re-
gion (Equation 1).

SC, = (SC

local

catona 170m + E¥ €) ¥ f(LC) * £(SG) * £(SA)(1)
where

SC,.,, = Snow cover depth at local level, 1010 m
resolution (in centimetres);

regional 170m — Snow cover depth at regional lev-

el reduced to level of 170 m above sea level (a.s.l.) (in
centimetres);

E = Relative elevation from foothill (170 m a.s.1.)
In metres;

c, = coefficient, snow cover depth increment per
increase of absolute elevation (0.08 cm/m);

f(LC) = function of land cover, f(LC) = 1 for culti-
vated grassland;

f(SG) = function of slope gradient and snow sink,
f(SG) =1 for slope gradient 0°;

f(SA) = function of slope aspect for small local
depressions, f(SA)= 1 (except local depressions).

On the meso-scale approach the general pattern
of snow cover was modelled across the entire Haanja
Upland area as affected by the shape of the hills, the
absolute height and consequent average temperature
gradient in winter. Based on long-term snow cover
observations at EMHI measurement sites the mean an-
nual regional (meso-scale) snow cover depth and du-
ration were calculated and reduced to a unilevel sur-
face of 170 m above sea level (the base of the upland).
Micro-scale variation of spatial distribution of snow
cover was modelled as the effect of the relative height
of the landforms, slope gradient, slope aspect and land
cover type. Coefficients used in model were based on
geostatistical analysis of measured snow cover data
and topographic information from the Haanja Upland
and derived from the literature (Arp and Oja 1997, Palo
2004, Tooming and Kadaja 2006). All the GIS calcula-
tions were performed at a spatial resolution 10*10
metres. Local snow depth is partly dependent on snow
drift but in the calculations it was assumed that snow
drift has a random character both within the season
and in year-to-year comparisons (Kull 1996, Oja and
Kull 2000). Therefore, wind distribution and slope
aspect were discarded in the snow depth calculations
except for small local depressions which are always
filled by snow if snow drift occurs, regardless of wind
direction. However, slope aspect and gradient were
considered when snow cover duration was calculated
as this is strongly dependent on insolation, which in
turn is affected by these variables (Equation 2).

SD__ = (SD

local

egiona 170 = E¥ €)) * f(LC) * f(SG, SA, LF)(2)
where

SD, ., = Snow cover duration at local level, 10*10
m resolution (in days);

regional 170m Snow cover duration at regional

level, reduced to level of 170 m a.s.l. and correspond-
ing to open cultivated grassland (in centimetres);

E = Relative elevation from foothill (170 m a.s.1.)
in metres;

¢, = coefficient, snow cover duration increment
per increase of absolute elevation (0.23 day/m);

f(LC) = function of land cover, f(LC) = 1 for culti-
vated grassland;

f(SG, SA, LF) = function of slope gradient SG,
slope aspect SA and landform LF (depressions, hill-
tops, convex slopes etc.).

I 2010, Vol. 16, No. 2 (31) I (SSN 1392-1355 [

284



BALTIC FORESTRY

I FOREST LANDSCAPE ASSESSMENT FOR CROSS COUNTRY SKING /.../ I P /A SSIUEV ET AL N

The spatial distribution of the modelled snow
parameters was validated using high resolution snow
data from the winters of 2001-2003. To ensure an in-
dependent data set for validation the snow cover sam-
pling data from 2001-2003 were randomly divided into
2 parts — one to create empirical formulas for the
model, another set to validate model results. Long term
corrections of snow depth and duration were carried
out based on the time series from the EMHI meteoro-
logical posts (Mauri, Rouge, Misso, and Haanja) lo-
cated in the central part of the Haanja Upland. To
assess model quality we correlated the measured in-
dependent random data set (with known coordinates,
i.e. location) with modelled values at the same loca-
tion (average of 10*10 square as the modelling scale).
Better accordance was found for open areas (arable
land, grasslands) where R?=0.78 while in forest R*=0.62
occurred due to high natural variability (stand densi-
ty, patchiness, mixed age and species composition).
Weaker correlation between modelled and measured
data was characteristic of younger stands and old
(patchier) woodland types.

Restorative potential of the land cover

Methodology used

The self-rating method developed by Han (2003)
— the “short-version revised restoration scale” (SRRS)
was used as a basis for evaluating the restorativeness
of natural environments in terms of the different veg-
etation types found in the study area. The test sub-
jects were shown winter landscape photographs and
asked to rate specific aspects of their reaction towards
those images using a number of differently worded
questions on a nine-point Likert scale.

The polling of subjects and statistical analysis of
data in the study were conducted as described in the
methodology of SRRS. The selection of visual stimuli
for use in the test was based on the principles de-
scribed by Han (2003) but followed additional guide-
lines specific to the aims of the study (see below).

Selection of vegetation classes and their visual
representations

The photographs used for the restorativeness test
were chosen according to a simplified selection of
vegetation classes characteristic of the Haanja Upland
(pine forests, spruce forests, deciduous forests;
younger spruce plantations; bushes; open arable land;
wetlands). It has been noted (Palmer and Hoffman 2001)
that using only one photograph as the representation
of a particular situation may compromise representa-
tional validity. Accordingly, for each vegetation class,
a selection of different photographs of similar vege-
tation site types was chosen. Vegetation site types

were first selected following the national habitat clas-
sification system (Paal 1997); the selection was later
clarified through on-site observations in the conditions
of snow cover and finally consolidated into 16 distinct
groups of visually similar vegetation types. Man made
types — fields and grasslands — were also included in
the selection as these determine the visually open
scenes and are usually perceived as natural in char-
acter (Ulrich 1986).

It was assumed that existence of the edge of the
vegetation type within the view would influence the
restorativeness of that vegetation type, especially
when visually enclosing vegetation (i.e. various for-
est stand types) is situated next to visually open veg-
etation such as grassland or arable fields. In addition
to the uniform view within the vegetation type (Fig-
ure 2A), two more views were taken when possible —
the view from the visually open landscape towards the
vegetation (Figure 2B) and the view from within the
vegetation type outwards to the visually open area
(Figure 2C). It was impossible to obtain all three view-
types with each vegetation type because: 1) some
visually enclosed types were seldom located next to
a visually open landscape, 2) some types, composed
of dense vegetation at eye level were visually imper-
vious. The above-mentioned views were grouped into
the following classes: views towards the vegetation,
views within and views outwards from the vegetation.
A total of 34 slides were used in the study (see fig-
ures 2A to 2F for samples).

In order to determine the relationship between the
restorativeness and the vegetation types it was neces-
sary to eliminate any bias caused by varying photo-
graphic quality and other factors that may influence the
landscape content. All pictures were taken at eye level
in the same weather conditions (sparse cloud cover,
sunshine producing shadows, no precipitation, weak
wind) with the same camera lens setting and orienta-
tion towards the horizon. Flat topography in the scene
was preferred because an undulating sightline may in-
crease the degree of aesthetic preference by convey-
ing a sense of mystery (Kaplan 1982, Ulrich 1986).
However, in the case of some scenes it was impossible
to eliminate topographic variations completely due to
the particular topography of the test area.

The presence of obvious man-made structures in
the photos was avoided as the presence of these in
otherwise natural-appearing scenes is known from
other studies to reduce the attractiveness of a scene,
often dramatically (Ulrich 1986), leading people to rate
the signs of human influence in the landscape rather
than the vegetation itself. In terms of the composition,
the views were chosen where there were uniform de-
pictions of the vegetation type without dominant ob-
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Figure 2. Sample of photos used in restorativeness test including an example of different view types of the
same vegetation type. A — view within alder bushes; B — view towards alder bushes; C — view outwards from

alder bushes; D — view within younger thinned deciduous forest; E — view within spruce forest without under-
storey; F — view within pure pine forest
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jects or prominent groups of objects created by Ge-
stalt principles (Bell 1999, 2004). Objects occurring in
groups tend to be seen as single landscape elements
and this helps interpretation of the view and is one
of the key factors determining the preference of views
(Kaplan 1982, Bell 2004). Thus, making “dull and uni-
form” pictures enabled the measurement of reactions
towards a vegetation type rather than the overall com-
position of the scene.

Questionnaire and statistical analysis

The SRRS questionnaire used for each slide (Ta-
ble 1) consists of eight questions, two for each dimen-
sion of restoration (emotional, physiological, cogni-
tive and behavioural reaction). The questions are de-
vised so as to be bipolar, enabling the use of a Likert
scale from 1 (strong disagreement or negative re-
sponse) to 9 (high agreement or positive response) to
record the response. The resulting two numerical val-
ues are averaged across each dimension and combined
to produce composite scores of all four dimensions.
The questions on physiological response in the SRRS
are set up to measure physiological arousal, the op-
posite of restoration, so resulting value scores must
be reversed before further calculations are carried out
(see Han 2003 for details). The resulting four composite
scores are averaged to form the index score of restor-
ativeness of the landscape scene.

Table 1. An overview of the SRRS — Short Revised Resto-
ration Scale (Han 2003) with Likert scale from 1 to 9

Imagine you were in the projected scene. How would you describe your
emotional response?

Grouchy (very much) = 1; Good natured (very much)=9
Anxious (very much) = 1; Relaxed (very much) =9
Imagine you were in the projected scene. How would you describe your
physiological response?
My breathing is becoming faster not atall = 1; very much so =9
My hands are sweating not atall = 1; verymuch so =9
Imagine you were in the projected scene. How would you describe your cognitive
response?
| am interested in the presented scene not atall = 1; verymuchso =9
| feel attentive to the presented scene not atall = 1; verymuchso =9
Imagine you were in the projected scene. How would you describe your
behavioural response?
I would like to visit here more often
| would like to stay here longer

not atall = 1; verymuchso =9
not atall = 1; verymuchso =9

Our study used 86 respondents (25 male, 61 fe-
male; the balance was coincidence within a group of
volunteers) to assess the restorativeness of vegeta-
tion types and particular view-types within the vege-
tation. The average age of respondents was 21.4 years.
The test was conducted in April 2005. Respondents
were undergraduates of landscape architecture and
environmental protection from the Estonian Universi-
ty of Life Sciences, and geography students of the
University of Tartu. Considering the high popularity
of cross-country skiing in Estonia and the fact that

skiing has been a compulsory part of physical exer-
cise education from primary school age, all the re-
spondents can generally be regarded to have suffi-
cient skiing experience comparable to recreational-ski-
ers. Thus there was little chance that the respondents
would not be able to place themselves in a situation
where they were skiing, invalidating the results. Stu-
dents were also familiar with the general landscape
character of the Haanja upland. The sample size was
sufficient to achieve statistical significance in the re-
sulting analysis as it was larger than minimum required
by power analysis for one-way repeated measures
ANOVA.

The respondents were asked to imagine that they
were in the depicted environment and to answer eight
questions associated with each slide. They were giv-
en an overview of the questionnaire prior to the test
itself. The slides were projected on a large wall screen
while the subjects were filling out the SRRS question-
naire. The duration of each slide shown was determined
by the test subjects who would give note to the op-
erator that they had filled out the sheet and were ready
for the next slide. Respondents viewed slides in groups
of 7 to 20 people, in two distinctive arrangements of
slides (A and B, respectively). In total, 48 persons
viewed the slides in order A and 38 in order B. The
sequence of slides was obtained using a random se-
quence generator and followed two rules — not more
than two similar vegetation types should be next to
each other in the sequence and not more than two
similar view-types should be next to each other in the
sequence (Herzog et al. 1997).

Two different reliability tests were carried out on
the data to verify the reliability of the SRRS scale being
used and the reliability of the responses given by the
subjects. Firstly, Cronbach’s alpha test was carried
out. This calculates the lower bound for the true reli-
ability of the survey (a function of the number of test
items and the average inter-correlation among the
items, SPSS Inc. 2004). It was used to examine the
relationship of the score of each of the eight ques-
tions to the overall restorativeness score and then the
scores of each of the two questions per dimension to
the score for the dimension as a whole. The second
test examined the intra-class correlation (calculated
from specific mean square components of an analysis
of variance of the data, SPSS Inc. 2004), among re-
spondents’ personal restorativeness scores to deter-
mine whether the rating pattern of the respondents was
consistent (Palmer and Hoffman 2001, SPSS Inc. 2004).
It was used to calculate the reliability of the whole
group and the individual reliability.

In order to test whether vegetation classes actu-
ally do elicit different levels of restorativeness a Mann
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Whitney U test (a non-parametric analogue to ANO-
VA) was carried out. Personal restorativeness scores
given to the internal views within the individual veg-
etation types were pooled to the appropriate seven
vegetation classes’ data, then a pairwise test of all
possible combinations between seven vegetation
classes was performed. The Mann Whitney U test
assumes that the variable’s distribution is similar in
both groups, so the two-sample Kolmogorov-Smirnov
test was used prior to validate the assumption of sim-
ilar distributions.

Similarly, the Mann Whitney U test and accom-
panying two-sample Kolmogorov-Smirnov test was
used to make pairwise comparisons to determine
whether the hypothesised difference between view
types existed. These comparisons were done on two
levels — within sixteen individual vegetation types and
within pooled data of seven vegetation classes.

Coupling of snow cover with restorativeness of
land cover

In order to identify the combination of areas with
a long duration and sufficient depth of snow cover as
well as a high restorativeness value, we used GIS
analysis based on map algebra. All parameters (snow
cover duration and depth, landscape restorativeness)
were divided into three categories based on Natural
Breaks classification method.

As the first step, the analysis of the GIS layers
of snow cover depth and snow cover duration were
combined using a multiplicative scale. Three classes
of snow cover were then determined based on suita-
bility for cross-country skiing: unfavourable, moder-
ate and favourable. Favourable areas were those where
snow cover duration was longest (>134 days) and snow
cover deepest (>45 cm), unfavourable areas were those
with snow cover shorter than 97 days or having snow
cover depth less than 34 cm. All other areas were con-
sidered as having moderately favourable snow condi-
tions. Limits of favourability/unsuitability of snow
depth or duration were based on empirical knowledge
of local cross-country ski track managers and do co-
incide with snow quality assessment data from other
ski resorts (Elsasser and Biirki 2002, Scott et al. 2003).
The primary criterion for favourability of snow condi-
tions was based on minimal snow depth (<34 cm) which
determines the possibility of creating a ski-track across
managed grassland, while favourable snow depth class
(> 45 cm) is in most cases sufficient for creation of
easily manageable ski tracks even in case of roughest
surface covered by natural grassland with bushes or
in forest areas. The secondary parameter was snow
cover duration which was divided into three periods
(less than 97 days, 98-134 days, over 134 days).

In the second step of GIS analysis the snow cov-
er suitability map was overlaid with the map of land-
scape restorativeness where all vegetation types were
divided into three groups: unfavourable (<5), moder-
ate (5-5.9) and favourable (>5.9). This produced a
combined map with 9 possible dimensions of suitabil-
ity and restorativeness.

Results

Snow cover

The model of snow cover depth (Figure 3A) and
duration (Figure 3B) showed that snow cover in the
Haanja Uplands normally starts forming around the
beginning of November, and a permanent snow cover
is established on average some 15 days earlier than
on the surrounding lower plains. Snow melt usually
starts in late March to early April, this melting being
less intensive and lasting about 20 days longer in the
central part of the upland than elsewhere. The distri-
bution of snow cover and the extent of variability
depend upon weather patterns. The snow period can
be divided into three different periods: the accumula-
tion period following the first snow falls, when the
snow builds up in depth and becomes permanent, the
period of continual snow cover, and the snow melt
period when the snow gradually thaws and disappears.
Snow cover is deepest (45-52 cm) and most stable
(122-150 days) in the central area of the upland (Ta-
ble 2) and along the main crest of the area which runs
in a north—south direction (see Figure 3A and 3B).
Temporal—spatial variability of snow depth is higher
on exposed areas than in sheltered areas (like forests),
which create a more stable environment for snow ac-
cumulation because they are more sheltered and also
produce shade which reduces the rate of snowmelt.

Table 2. Snow cover characteristics in the Haanja Upland

Class Snow depth Snow duration
cm ha days ha
1 <25 209 <72 210
2 25-33 1540 72-96 422
3 34-42 4465 97121 3211
4 43-52 2774 122-148 4938
5 >52 863 > 148 1070

The spatial pattern of snow depth across the land-
scape was found to be strongly influenced by the relief
parameters of slope orientation (aspect), slope gradi-
ent and shape of the slope, as well as the presence of
depressions, hill-tops, gullies and slope roughness.
Their effect on snow cover is mainly expressed in terms
of the redistribution of snow and subjected to fairly
significant year—to—year variation rather than being
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characteristic of the site (except hilltops and small local
depressions). Snow drift was found to be most pro-
nounced on hilltops and the higher parts of windward
slopes (i.e. slopes with a south to west aspect). The
most windswept slopes tend to be convex to windward
(associated with slope crests and shoulders, where
airflows converge and enhance the potential snow
erosion) or gently undulating. The main accumulation
sites are topographically sheltered locations and lee-
ward slopes. The degree of accumulation on leeward
slopes was found to depend greatly on the shape and
gradient of windward slopes.

The most important forest stand characteristics
found to affect snow cover accumulation and varia-
bility were woodland type (conifer or broadleaved, tree
height, stand density, forest edge structure, orienta-
tion and distance). The greatest snow depth and long-
est duration of snow cover were observed in decidu-
ous forest stands (especially in shrubs and bushes)
due to heavier snow accumulation during snowfalls
(less canopy interception than in conifers), greater
snow accumulation by wind drift (less shelter than in
conifers) and much longer snow melting period due
to sheltered solar radiation. In the case of deciduous
trees water from melting snow or rain tends to flow
down the stem and be locally concentrated around the
base of the tree, while in coniferous trees (especially
spruce) melting snow and rain drips from the whole
canopy, which causes a diffused pattern of water fall-
ing from the canopy to the surface increasing the area
affected by water and thus the thawing of the snow-
pack. In addition there is usually a lot of debris on

the floor of coniferous stands which, combined with
snowmelt water, changes snowpack properties, mak-
ing the snow dirty and porous with patchy cover, re-
duces surface albedo and thus increases the energy
available for snowmelt, while an increase in snowpack
density and unfrozen water content leads to increased
thermal conductivity.

A deeper snow cover is characteristic of north and
north-east facing forest edges (Figure 3A). Greater
snow depth in these areas is not only caused by in-
creased accumulation by snow drift but also by a slow-
er rate of snow melt (Figure 3B) as forests provide
both shade and lower diurnal temperature variation.

Assessment of restorativeness of land cover

The restorativeness values for each vegetation
class and its component vegetation types with views
towards, outwards from and within them were obtained
from the questionnaire data (Table 3). The analysis of
the restorativeness data (see Tables 3 and 4) shows
that vegetation classes often do provide different
degrees of restorativeness in winter landscapes, as it
was hypothesized (see Figure 3C). However, it is not
always possible to demonstrate statistically significant
difference between restorativeness of some vegetation
classes with neighbouring restorativeness values. For
example, on the scale from 1 to 9 the restorativeness
of bushes showed the lowest restorativeness at 4.34
(Table 3) and the value was significantly different from
all other vegetation classes (Table 4). Similarly, the
restorativeness of pine forests (see Fig. 2F for a sam-
ple view) reached 6.47 for views within the stand and
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Restorativeness in different view (scale 1 to 9 provided with
standard error and N; * — data based on single sample) and
statistically significant view type difference (difference

Table 3. Restorative-
ness (scale 1 to 9) of

vegetation classes and

confirmed: + ; difference not confirmed: - )

their ~ subcomponent ) .
vegetation types in dif- Vegetation class and its component B 2 £y @ 5,
ferent view vegetation types o £ 2 2 § 2%
f=% Ag =3 8y Og®
Elc) < =y 5 é 2
'5 ° Z =
. 6.54 £0.125 6.47 +0.093 6.79%0.134
Pine forests (n=86)* (n=171) * (n=86)*
Pine forest on V\(et boggy S|t§s NA 6.69 +0.123 (86) NA
(Pinus sylvestris)
Pure pine forest 6.52 + 0.126 (86) 6.25+0.137 (85) + 6,76 +0,137 (86)
6.17 £0.139 6.33 £0.104
Wetlands (n=85)* (n=171) N.A.
Lake shores with reed-beds 6.17 + 0.139 (85) 6.37 £ 0.167 (86) N.A.
Raised bog with scattered ;S)mealsl NA. 6.30 + 0.123 (85) NA.
. 6.02 £0.090 5.69 £0.138
Young Spruce plantations (n=172) (n=86)* N.A.
Young spruce plantation 6.23 +0.122
(Picea abies) (86) N-A. N-A.
Spruce plantation thicket 5.79 + 0.131 (86) 5.68 + 0.138 (86) N.A.
5.47 £0.101
Open areas N.A. (n=172) N.A.
Open field W|_thout the dead grass NA. 5.90 + 0.144 (86) NA.
protruding through the snow
Open field with dead grass protruding
through the snow N.A. 5.03 £ 0.127 (86) N.A.
5.59 £ 0.085 5.37 £ 0.086 5.81£0.092
Sl e B (n=256) =257y * (n=172)
Spruce forest without understorey 6.29 + 0.136 (86) 596 +0.154 (85) - 5.97+0.119(86)
Spruce forest with understorey 5.57 £ 0.135 (85) 547 +0.130(86) - 5.65+0.140(86)
Pine forest with spruce understorey 4.89 + 0.128 (86) 4.64 £0.127 (86) N.A.
Deciduous forests 5.63 £0.087 527+0.090 5.60%0.149
(n=172) (n=172) (n=86)*
Deciduous forest 5.63 + 0.120 (86) 5.38+£0.127 (86) - 5.60+0.149 (86)
Younger thinned deciduous forest 5.61 + 0.129 (86) 5.15+0.128 (86) N.A.
Bushes 4.83 £ 0.092 434+0.087 4.90+0.087
(n=257) (n=258) (n=258)
Alder (Alnus incana) bushes 5.07 + 0.147 (86) 463+0.152(86) + 5.25+0.159 (86)
Birch (Betula pendula) bushes 5.16 + 0.158 (85) 452+0.129 (86) - 4.73+0.131(86)
Willow (Salix sp) bushes 4.27 + 0.155 (86) 3.88+0.156 (86) + 4.72+0.153 (86)
Table 4. Comparison of vegetation classes
based on restorativeness values of views with- ®
: 0
in those classes Vegetation classes compared g ) o
(restorativeness difference < § ) LE) " f%
confirmed: +; restorativeness 3 9 8 g5 g 8
difference not confirmed: - ) ﬁ 2 8 g e 8 § O
7] kS) 2 8 3g = Q
© [} C
2 8 &8 &5 388 2 ¢
Bushes X + + + + + +
Deciduous forests + X - + +
Spruce forests + - X - - + ot
Open areas + - - X - +  t
Young Spruce plantations + + - - X + o+
Wetlands + + + + + X -
+ o+ + o+ + - X

Pine forests
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this value was significantly different from all other
vegetation classes except for wetlands with the restor-
ativeness of 6.33 which also differed from all other
vegetation classes except for pine forests.

Young spruce plantations (5.69) were not distin-
guishable from more mature spruce forests (5.37) and
open areas (5.47), but differed from the rest of vege-
tation classes. On the other hand, restorativeness val-
ues given for deciduous forests (5.27; see Fig. 2D for
a sample view), spruce forests (5.37; see Fig. 2E for a
sample view) and open areas (5.47) were so closely
placed that it was not possible to determine a signif-
icant difference between data streams.

The hypothesis that views towards, outwards from
and within the same vegetation type can elicit differ-
ent degrees of restorativeness was partially supported
by the data. On the level of 16 individual vegetation
types it was possible to observe higher restorativeness
values for views towards and outwards from the vege-
tation than the views inside the vegetation type (with
just one exception of lake shores with reed), but the
differences were too subtle to be detected as signifi-
cant by Mann Whitney U test in several cases (see
Table 3 for specifics). Looking at the consolidated data
with 7 vegetation classes, however, Mann Whitney U
test showed statistically significant differences between
many cases. All views outwards from the visually en-
closing vegetation class had significantly higher restor-
ativeness than views inside those vegetation classes.
Additionally, views towards bushes and deciduous

7
i |
5

N

[/ /5%%%/4////’// A A

—— Low landscape restorativeness (< 5)
% Moderate landscape restorativeness (5-5.9)

H H High landscape restorativeness (> 5.9)
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- Unfavourable snow conditions

Moderate snow conditions

Favourable snow conditions

forests had significantly higher restorativeness than
views inside those vegetation classes.

The statistical analysis supported the reliability
of the data. The reliability measure (Cronbach’s alpha)
across all eight variables (two questions per factor)
was 0.945; the reliability across four factors of emo-
tion, physiology, cognition and behaviour were 0.965;
0.946; 0.991 and 0.997 respectively. This permitted the
conclusion that the variation of the data originated
from the individuality of respondents and the nature
of the slides shown rather than any lack of clarity in
the wording of the questionnaire (SPSS Inc. 2004). The
intra-class correlation coefficient was 0.239 for single
measures and 0.919 for average measures which
showed that despite their individuality the group of
respondents was generally rating according to a sim-
ilar pattern (SPSS Inc. 2004, Palmer and Hoffman 2001).

Snow cover and restorative quality of biotopes

Combining snow data with the restorativeness of
land cover allows us to establish the best potential
locations for winter recreation areas (Figure 4). While
the snow cover is deepest and longest in duration in
alder and birch scrub and deciduous forest, the restor-
ativeness of such vegetation types is less favourable.
At the opposite extreme, young spruce plantation (but
also its mature successor spruce forest) has relative-
ly high restorativeness, but the thick canopy prevent-
ing snow from reaching the ground renders it an un-
favourable location for ski-track planning. Pine forest

Figure 4. Snow cov-
er quality (indicated
with different col-
ours) and restora-
tiveness of vegeta-
tion classes (indicat-
ed with different
hatching) in the
Haanja Upland
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is the best suitable vegetation class for obtaining both
high restorativeness and good snow conditions.
Forest edge zones have high value both as per-
forming higher restorative potential and as having fa-
vourable snow conditions on eastern, north-eastern,
northern, north-western and western facing margins.

Discussion and conclusions

The snow model showed that certain areas are
more likely to receive and retain snow than others. The
deciduous stands and location along shady north and
east facing edges were most likely to retain snow due
to combination of factors such as lack of canopy in-
terception, accumulation of drifting snow and shad-
ing effects. This knowledge provides valuable guid-
ance to anyone wishing to lay out snow tracks where
the skiing season will last the longest. Since the snow
persistence is different for different stand types it
could be expected that as a forest develops — for ex-
ample a deciduous birch or alder stand may succeed
to spruce — the snow pattern over time may change
and the track designed for the best snow may need to
be rerouted.

Analysis of the results of the restorativeness test
showed that vegetation classes in winter landscapes,
despite appearing bare and lifeless compared with
summer ones often do create meaningful differences
in restorativeness; however it was not always possi-
ble to demonstrate statistically significant differenc-
es between restorativeness of some vegetation class-
es with neighbouring restorativeness values. Restor-
ativeness values given for deciduous forests, spruce
forests and open areas were so closely placed that it
was not possible to determine significant difference
between data streams. Obviously forests and open
areas are very different in essence and physical effect
(e.g. wind shelter), but from the restorativeness point
of view they seem to form a uniform average group.

The high score of restorativeness given to pine
forests is congruent with Ulrich (1986) and Parsons
and Daniel (2002) where visually open structures with
smooth ground surface tend to produce the highest
preference scores. Whether the perceived ability to ski
across or through vegetation can besides aesthetic
preference be directly associated with restorativeness
is another matter. However, this fits with the highest
scores of pine forest vegetation class and its compo-
nent vegetation types - scattered pine forest on wet
boggy sites (6.69), pure pine forest (6.25; Figure 2F).
The same holds true for the lowest restorativeness of
bushes vegetation class and its component vegetation
types - alder (4.63; Figure 2A), birch (4.52) and willow
(3.88) bushes (Table 3). The high scores of young

spruce plantations’ vegetation class (6.23 towards and
5.69 within the class) contradict the idea that perceived
ease to walk across or through the vegetation influ-
ences its preference, but may be explained as a result
of semiotic association where young spruces resem-
ble Christmas trees and scenes from winter postcards.

In the case of this study the score of wetlands’
vegetation class (6.33) and its component vegetation
types — frozen lakeshore with reed-bed (6.37) and
raised bog with scattered small pines (6.30) was con-
sistent with the observation of water being a positively
attractive feature, although whether the respondents
were able to recognize the snow-covered surface as
being a part of a wetland cannot be ascertained.

A distinct pattern could be noted that views out-
ward from generally produced higher restorativeness
than views within the vegetation class itself, which may
correspond to Appleton’s prospect —refuge theory
(1975). Additionally, views towards bushes and decid-
uous forests had significantly higher restorativeness
than views inside those vegetation classes. This re-
sult may seem to be in stark contrast to prospect-ref-
uge theory. It may be that the lack of foliage in decid-
uous vegetation classes in winter increases visual per-
meability thus giving observer a better overview of the
environment and effectively cancelling the frightening
uncertainty and substituting it with higher visual var-
iation and mystery. The scope of this study allowed
us to focus only on the existence of the edge within
the view, but not the metrics of the edges. Further
studies should address this issue concentrating on
viewer’s distance and orientation in relation to the edge
of vegetation in different seasons.

A possible concern detected in this study that
justifies some caution regarding the SRRS question-
naire is the extremely high reliability (Cronbach’s al-
pha over 0.9) which may suggest redundancy in the
restorativeness scale. However, it was not in the scope
of this study to alter the original SRRS scale. In his
paper, Han (2003) demonstrated similar levels of alpha
being over or close to 0.9. As SRRS is a multifactor
model, Han (2003) specifically points out the need to
use two questions per dimension of restorativeness
(a prerequisite that might be causing the redundan-
cy) to make the model function properly.

Combining the analysis of snow distribution and
the restorativeness of different land cover enabled the
best potential locations for winter ski routes in the
Haanja study area to be determined. The best suita-
ble vegetation class for providing a combination of
high restorativeness and good snow conditions in the
study area was pine forest, while snow conditions and
restorativeness of other vegetation classes showed
some disparity. The forest edges, which allow both
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inward and outward views, possessed a higher restor-
ativeness and had more favourable snow conditions.
Thus, ski tracks located at or within the north- and
east-facing edge zones would give a longer period of
performance through the winter as well as increased
restoration. The most favoured forest landscapes such
as pine stands are not, however the best for snow
potential, so that there is clearly no simple positive
association between the best places to find snow and
the most restorative landscapes.

From the ecological point of view, when planning
the management of woodland edges it is important to
consider the fact that south- and west-facing edges
usually develop higher structural diversity than north-
and east-facing edges (Fry and Sarlév-Herlin 1997).
This difference in suitability of forest edges for win-
ter recreation and ecological conservation could pro-
vide planners with an application enabling them to min-
imise conflicts between those two interest groups. In
the Haanja conditions, however, this relationship is not
unambiguous, due to the high degree of patchiness
of landscape.

A considerable proportion of the study area (see
extensive areas of low restorativeness Figure 3C) is
occupied by abandoned fields which have started to
grow into birch and alder scrub. As the restorative
potential of such vegetation types now and later on
in the course of ecological succession is lower, this
poses a challenge for landscape maintenance and land-
scape design.

It remains an open question as to how much of
the cross-country skiing experience is undertaken with
psychological restoration in mind. An aspect out of
the scope of this study is that some skiers may want
to obtain physical exercise, develop fitness and expe-
rience speed. However, one of the main motivations
for taking part in outdoor recreation in natural land-
scapes is to relieve stress, to “recharge the batteries”
and to be close to nature (Bell 2008). The population
of recreational skiers is not homogeneous. The study
subjects were all young adults, largely female and had
an interest in the landscape and nature. They were
able to distinguish between vegetation types because
they have been educated to be able to do so. This may
have biased the results compared with a more demo-
graphically representative sample. The results are
therefore not definitive. It would be valuable to carry
out further exploration of the preferences and percep-
tions of different user-groups such as sportsmen,
children and older skiers, and other user needs such
as solitude or physical challenge.

The study did not attempt to evaluate the experi-
ence of moving through a landscape, which is the
essence of cross-country skiing. Thus the static pho-

tographs do not replicate the sense of moving through
a landscape and experiencing a different sequence of
landscape types providing diversity of landscape at
a higher level of spatial scale than the individual bi-
otopes used here. With the advent of technology such
as the “virtual landscape theatre” this is theoretically
possible, under controlled conditions. More research
in this area may yield different results.

Conclusions

In declining snow conditions it is very important
to consider micro-climatic conditions of the landscape
when planning cross-country ski-routes. This ensures
the most efficient use of natural snow cover and higher-
quality ski tracks with lower maintenance cost. Well-
planned ski routes without significant input of artifi-
cial snow allow the development of winter recreation
in economically marginal least-favoured areas, thus
supporting the management of cultural landscapes for
sustainable development. By ensuring that the tracks
are also laid out where the people who use them will
obtain the highest psychological benefit also main-
tains their functionality.

This study has shown that it is possible success-
fully to combine a predictive, GIS-based snow model
with a preliminary attempt at measuring restorative
potential of forest landscape using photographs and
that there is some degree of commonality in the plac-
es most likely to see snow persisting and which are
likely to be most attractive to skiers but that there are
also places most popular for restoration yet not ideal
for snow. However, with the two sets of findings the
designer and manager of a ski centre should be able
to find the best of both worlds.
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OIEHKA INPUT'OAHOCTH JIECHBIX JJAHAITA®TOB JJISA KATAHUSA HA JIBI/KAX
B YCJOBHAX HEYCTOMYHUBOI'O CHEXHOI'O IOKPOBA: IPUMEP
XOJIMUCTOI'O PAMOHA XAAHS B OCTOHUU

II. Bacuaswes, T. Ilano, A. Kymib, M. KioasBuk, C. baaa, A. Kyaas u FO. Manaep

Pestome

CHeXHBII TOKPOB SIBJISETCS BKHBIM [T0KA3aTeNIeM COCTOSIHHS KJIMMaTa U 3HAYUTEIbHBIM ()aKTOPOM IIPUBIIEKATEINEHOCTH
3UMHUX JaHAmAagToB DcToHNU. PasHooOpa3ue 3MMHNX BHIOB CIIOPTA M PEKpeaIni 3a IMOCIISIHIO0 IeKaay Bo3pocio. B cBs3n
C U3MCHCHUSIMH KJIMMATa, yBEJIMYMIACh TAKKE N3MEHYMBOCTH CHEXKHOTO MOKPOBA. DTH M3MEHEHHS 0ojiee 3HAYUTENIBHBI Ha
paBHUHAX, B XOJIMHCTBIX paiiOHaX CUTyalus ocraeTcsi Oosiee cTabuiabHOM. [l BEIOOpa MECT JIBDKHBIX TPAacc, KOTOphIe Obl
YYHUTBHIBAJIU pa3iuyHble (aKTOPHI KaK, C OJHOW CTOPOHBI, YyCTOHYNBOCTh CHEKHOTO IOKPOBA, M, C APYrOi CTOPOHHI,
NPUBJIEKAaTEIFHOCTh MPUPOAHBIX JaHAMAPTOB, OBUIN pa3paboTaHbl KOMIUIEKCHBIE METOJbI OLEHKH COCTOSHUS 3UMHHX
gasauiadToB. Jist 3TOro MOAXO/bI K OLICHKE COCTOSHMUS CHEXXHOTO MOKPOBa M KIMMATa JUIs TEPPUTOPHIA Ha MUKPO - U ME30
ypoBHe (1:10 000) ObITH COBMEMICHHI C OLEHKAMH BOCCTAHOBHMOCTHU IpupogHoi cpensl (cM. Xan 2003). [Ipumenenue
OIMCAHHOTO KOMIUIEKCHOTO MOAXOAa OLIEHKH COCTOSHHUS 3MMHHX JIaHIUAa(dTOB BBIABUIO BaXKHYIO POJIb OKPAWH JICCOB, TIE
CYLIECTBYIOT OJIATONIPUSTHBIC YCIOBHS VISl COXPAHEHHS U BOCCTAHOBIICHHS CHE)XXHOTO MOKpoBa. ONpoc MoNb30BaTeNeH Takke
MOATBEPUI BBHICOKYIO NMPHUBIIEKATEIBHOCTh JaHHOTO THIA JaHgmadra. TakuMm oOpa3oM, INIaHHPOBAaHUE JBDKHBIX TPac B
MECTHOCTAX, KOTOPOEe NPHHUMAET BO BHUMAaHHE MHKPOKINMATHYECKHE YCIOBHS, MO3BOJSAET 3PEKTHBHO HCIONB30BaTh
HPHUPOJHBIIl CHEXKHBIIT HOKPOB, YBEIMYHBAS MPOAODKUTEIBHOCTD MCTIOIB30BaHMS JIBDKHBIX TPAC NPH YMEHBIICHHUH 3aTpaT Ha
UX HOJICP)KKY U BOCCTAHOBJICHHE. DTO 0COOCHHO BaKHO I MAJIbIX TYPHCTUUECKHX IPEANPHATHH, a TaKXkKe B J1OITOCPOYHOIT
HEPCIEKTUBE - IJIsI OPraHU3aI[MU AKOIOTHYECKH YCTOHYMBOrO YIPaBIeHHs KyIbTYPHBIMHU JaHAIIa(TaMH.

KonaroueBnlie ciioBa: MonemupoBanne ['MIC, onenka mangmadra, yrnpaBierne gecHsM JanamagpTom, MOIIP (metox
OILIEHKH BOCCTaHOBHMOCTH MpHPoHOI cpensl XaHa 2003), mcuxojornyeckas BOCCTAHOBUMOCTD MPHUPOAHOTO JaHImadTa,
CHEXXHBIH MOKPOB, 3UMHSS peKpealysi, KaTaHUue Ha JbDKax
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