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Abstract: The landscape pattern in the high-mountains is significantly more com-
plex than in the lowlands. Theories, models and methods which are usually applied
in landscape studies (such as the geo-complex model and the patch-corridor-matrix
model) are inadequate or insufficient in regard to high-mountains. The altitude is
the main factor determining the multi-dimensionality of the high-mountain land-
scape, which affects climate, geomorphic processes and vegetation structure. Diffi-
culties and opportunities in the application of particular landscape-ecological
concepts in the high-mountains are assessed in this paper. Particular attention is
given to three spatial orders in the high-mountain landscape: vertical zonality,
catenal order and belt order (related to geology), as well as landscape boundaries
(ecotones) and landscape dynamics. In order to evade the impact of glaciation the
aforementioned issues were studied in the non-glaciated mountain ranges in Eu-
rope. These are selected ranges in the Carpathians and the Eastern Alps, the moun-
tains of the Balkan Peninsula, Pyrenees, the mountains of Great Britain and Variscan
massifs in Poland, Czech Republic, Germany and France.
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Introduction

The landscape, understood as a material object, encompassing a part of environ-
mental space, is characterised by a high level of complexity. In the mountains this
complexity is definitively of a greater scale than in the lowlands and uplands, re-
sulting from the differentiation of geology and significant differences in altitude



and relative height. In the majority of mountain ranges, including European moun-
tains of the Alpine system, as well as the Variscian and Caledonian massifs, a large
number of lithological and tectonic units can be found, such as thrusts, nappes,
folds and horsts. The type of rocks and their mutual position determine numerous
features of the natural environment, i.e. rock resistance, type and course of
geomorphic processes, relief, water circulation, soil and vegetation.

The altitude provokes changes in many climate features i.e. solar energy supply,
air temperature, precipitation amount and type. Differentiation of climate features
in vertical profile results in a variability of geomorphic processes, soil cover and
vegetation pattern. Some of these features are changing gradually, others –
abruptly. The abrupt changes contribute to the occurrence of vertical zonality, one
of the distinctive characteristics of the mountains. Other features differentiating
the landscape in the mountains, other than these in the lowlands are the tectonic
and volcanic activity and, foremost, glaciation. In order to simplify the problem, is-
sues discussed in this paper were narrowed to the non-glaciated high-mountain
ranges in Europe.

The high-mountains in this paper are defined according to Troll (1972). These
are the mountains reaching such altitude which enables the occurrence of land-
forms, land use, soil processes and the characteristics of landscape which in the
Alps, the classic region for mountain geography, is considered to be the high-al-
pine. However, the high-mountain landscape is described as the highest belt in the
mountain systems, characterised by specific features.

The commonly accepted criteria differentiating the high-mountains from the
mid-mountains is the presence of three boundaries (Troll 1973a): the timberline,
the lower limit of solifluction processes and the Pleistocene snow line, which is
considered to be the limit of the high-mountain landform complex. In the typical
high-mountains there can be distinguished three geo-ecological belts (vertical
zones) (Troll 1972). These are forest, periglacial (crionival) and glacial (nival)
belts, in some ranges also a steppe belt exists. However, in many European moun-
tain ranges, fulfilling the criteria mentioned above, thus being high-mountains,
the contemporary glaciation is of a minor scale (e.g. in the Pyrenees and numerous
ranges in the Eastern Alps) or does not occur at all. The latter case are the highest
ranges in the Western Carpathians (Tatra Mts. and the western part of the Low
Tatra Mts.), a few ranges in the South-Eastern Carpathians (Czernohora Mts.,
Rodnei Mts., Fagaras Mts., Retezat Mts., Bucegi Mts., Paring Mts.) and mountains
of Balkan Peninsula (the Mt. Olimp massif, Rila Mts., Pirin Mts., Prokletje Mts.)

Some of the mountain ranges have a transitional character, between high-
mountain and mid-mountain (Kotarba & Migoń 2010), where the timberline and
traces of Pleistocene glaciation can be found, however they lack the formation of
typical postglacial relief. Typical examples are the Giant Mts., the Cairngorms. and
the Grampians., as well there should be included the Babia Góra massif in the
flysch Western Carpathians, ranges in the Central Western Carpathians (Mala
Fatra, Velka Fatra) and in the Eastern Carpathians (Gorgany Mts., Swidowiec mas-
sif, Czywczyn Mts.), a few Variscian massifs in Central Europe and many ranges in
the Balcan Peninsula (such as the Rodopy Mts.). Although the most elevated parts
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of these mountains have the characteristics of the high-mountain landscape, they
are usually described as mid-mountains.

The aim of this study is to present the peculiarity of the organisation of the
high-mountain landscape from the geo-ecological point of view, particularly the
landscape pattern and function. Furthermore, difficulties and opportunities in the
application of particular landscape-ecological concepts in the high-mountains are
assessed in this paper. Special attention is given to three spatial orders in the
high-mountain landscape: vertical zonality, catenal order and belt order (related to
geology).

Methodological issues in high-mountain research

As mentioned above, the complexity of mountain landscape (defined as a material
object, occupying a part of environmental space according to Richling & Solon
2011) is higher than in the lowlands and uplands, causing serious methodological
problems in the application of concepts which are used to characterise the land-
scape. Some need to be modified, some are even impossible to apply.

Research on the landscape structure is usually based on distinguishing the nat-
ural units, known as geo-complexes. There following differences are distinguished
between mountains and lowlands in relation to the geo-complexes of lower rank:
1. In the mountains geo-complexes are of a smaller area – a result of the differen-

tiation of particular landscape features, being the criteria for delineating natural
units.

2. In the mountains the network of landscape boundaries is significantly more
dense (directly corresponding to the previous point).

3. In graphic presentations (on maps) the natural units in the mountains are even
smaller than in reality, also the real length of their borders is greater. This issue
was broadly described in the work of Balon (2012).

4. Higher level of landscape complexity in the mountains, resulting from vertical
zonality, leads to distinguishing a higher number of typological units, when
compared to the lowlands.
Hence, the study of the landscape structure in the mountains using the model

of geo-complexes is a particularly difficult and complex procedure, requiring a sig-
nificant amount of money and resources. This difference is best presented by the
methodology of physico-geographical mapping, used both in the mountains and in
the lowlands. In the latter this procedure (Richling 1982) involves surveying previ-
ously defined typological units, made possible because the number of such units is
relatively small. In the former (Czeppe & German 1978) individual geo-complexes
are firstly surveyed in the field and then, basing on their features, are grouped into
typological units.

The application of the matrix-patch-corridor model, popular in the lowlands
(Forman & Godron 1986) is also limited as far as mountains are concerned. The
main issue is to correctly define the matrix (Balon 2004b). The high complexity of
the mountain landscape makes it practically impossible to distinguish a complex
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matrix that constitutes a background for all types of patches and corridors. Addi-
tionally, the corridors in the mountains rarely connect these patches. It seems that
this concept is more adequate for studying the landscape function than its struc-
ture. The studies on the function of avalanche and debris flow paths (Ersch-
bammer 1989, Patten, Knight 1995 & Butler 2001), as corridors dissecting the ma-
trix are a good example.

Other methodological challenges could be found while describing the third di-
mension of landscape that is its vertical structure, defined by Przewoźniak (1987)
as a landscape structure described by the set of features (geology, relief, climate,
waters, soils, vegetation, wildlife) and its co-occurrence. Vertical structure is stud-
ied in a given point, along the vertical line (thus the name), perpendicular to the
ground (Perelman 1971).

In the mountains the vertical line is no longer perpendicular to the ground; it
might be even closer to parallel. Thus, the question appears whether the vertical
structure should correspond with the vertical line or the line perpendicular to the
ground? The analysis of particular environmental features leads to the conclusion
that some (relief, soil, usually geology and waters) correspond to the line perpen-
dicular to the ground, whereas others (climate and vegetation) correspond to the
vertical line. The features located underground correspond more with the perpen-
dicular line and those located over the ground – to the vertical line (Balon 2012).
This sheds new light on the Pietrzak (2008) concept of landscape unit described as
a solid (Fig. 3). It would appear that in the mountains the solid’s ceiling will not be
parallel to its bottom, thus the solid will not be regular.

Another methodological problem, which exists in the mountains with a high
enough altitude, is the vertical zonality of landscape. This is a landscape character-
istic different from the vertical structure, however in some sense included in the
vertical dimension of landscape and therefore requiring a separate methodological
approach.

Finally, the issue of shadowiness, practically absent in the lowlands, needs to be
discussed in mountain studies. In the lowland, the amount of solar energy sup-
plied to the landscape unit depends on longitude, slope aspect and land use. In the
mountains there are other factors, such as altitude (the absorption of radiation by
the atmosphere is lower at a higher altitude), slope inclination (affecting the angle
at which sunbeams reach the ground). Basing on slope aspect and inclination, it is
possible to calculate a potential amount of total solar radiation (Hess & Olecki
1984). However, these calculations do not include hillshade. A close presence of
high peaks results in a significantly lower supply of solar energy, not only in the
valley bottom but also at lower parts of slopes that have a seemingly warm aspect
(Balon 2012). This is an important issue because varying amounts of solar energy
to the landscape, significantly affect its dynamics and functioning.

The key-factor determining the landscape function, which has to be considered
in the analysis, is the potential energy of relief. In the mountains this is signifi-
cantly higher, which results from large differences in altitude (relative height) and,
indirectly, slope inclination. Energy therefore directly affects the type and intensity
of geomorphic processes. The crucial processes in the high-mountains are the
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mass movements, downward water erosion prevails over bank erosion, however,
the deposition of material is of minor importance (Klimaszewski 1978). The es-
sential regularity in the mountains is the presence of two morphological systems –
the slope and channel systems. As Kotarba et al. (1987) have mentioned, these sys-
tems are rather separate with very limited linkage.

Also the man-landscape relations seem to be more complex in the mountains.
Classifications of cultural and natural landscape are a good example. Generally, the
high-mountain landscape is considered to be highly natural (Kele & Marriot 1988).
However, man usually alters these landscapes, using them for various purposes
(settlement, mining, grazing and agriculture, transportation, tourism, sport, scien-
tific research), thus introducing cultural landscapes (Balon 2006). Additionally,
some alterations are rather seasonal, such as camping bases in the high-moun-
tains, thus significantly altering the landscape in the summer season and almost
disappearing when winter comes.

The above involves also a wide landscape perception and determination of the
level of attractiveness. Nowadays, high-mountain landscapes are considered to be
highly attractive, however they change their level of attractiveness throughout the
year (Balon 2010a). Ski resorts are significantly more attractive in the winter sea-
son but lose their value when melting snow uncovers damaged vegetation on the
ski-pistes.

Spatial orders

One of the possible manners of the synthetic view onto landscape organization is
to distinguish spatial orders. They might be defined as basic regularities of spatial
arrangement of landscape, thus its spatial differentiation, considered holistically.
The spatial orders might be considered both with respect to the entire landscape,
as well as to its elements and features. The basis for distinguishing particular spa-
tial orders are determined key-features, affecting a significant number of other fea-
tures. It has to be mentioned that the number of landscape features is changeable
in more than one spatial order. Five spatial orders might be distinguished in a
global frame. These are zonality (related to latitude), belt order (related to geology),
humiditive order (related to oceanality and continentality), vertical zonality (related
to altitude) and catenal order (related to relative height) (Balon 2005, 2009). The
basic characteristics of particular spatial orders are presented in Table 1.

Landscape zonality might be defined as a regular differentiation of landscape
related to the changes of latitude, which results in the occurrence of parallel zones
with regular configuration, symmetrical to the equator with some local modifica-
tions. Wide transitional zones (ecotones) are typical for this order. Generally,
seven zones are distinguished; six occurr “in pairs” on both sides of the equator.
These are equatorial, subequatorial, tropical, subtropical, warm moderate, cold
moderate and polar zones.

Mountain ranges might be located entirely in one landscape zone (Carpathians,
Baetic Mts., Apennines and Pindos) or in a few zones (Ural Mts., Scandinavian
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Mts., Alps, Pyrenees). If the course of a mountain range is nearly perpendicular to
the zones’ boundaries (longitudinal), their particular parts are located in different
zones, e.g. the northern part of the Scandinavian Mts. is located in the polar zone,
the middle – in the cold moderate zone, and the southern part – in the warm mod-
erate zone. Although, if the course of mountains is nearly latitudinal, they might
constitute a climatic barrier, e.g. the southern slope of the Alps (as well as the Pyre-
nees and the Stara Planina Mts.) is located in the sub-tropical zone, and the north-
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Table 1. Spatial orders in the landscape

SPATIAL
ORDER Cause Key-factor Direction

(vector) Effects Structure type

ZONALITY astronomical
factors, varying
supply of solar
energy to the
geosystem

climate
variability in
different
latitudes

horizontal,
north-south,
local
modifications

occurrence of
parallel zones
with wide,
transitional
boundaries

regular,
symmetric to the
equator

BELT ORDER co-influence of
endogenic
(processes
raising the
earth’s surface)
and egzogenic
factor (lowering
and degradation
of the Earth’s
surface)

presence of
tectonic and
morpholoigcal
units –
mountains,
uplands,
lowlands

horizontal,
different
directions

occurrence of
parallel belts (in
some places also
irregular
patches) with
sharp boundaries

irregular,
alternate belts
with low and
high elevations

HUMIDITIVE
ORDER
(oceanity/con-
tinentality)

presence of
oceans and land
masses

range and
strength of
climatic
influence of
oceans and sees

horizontal,
seashore-inter
ior

presence of areas
with continental,
oceanic and
transitional
characteristics,
usually with
wide, blurred
boundaries

regular,
concentric within
the interior

VERTICAL
ZONALITY

presence of
mountains,
resulting in
climate
variability related
to the altitude

altitude vertical, in
relation to
sea level

presence of
vertical belts
with narrow but
transitional
boundaries

regular,
dependent on
the mountain’s
altitude and
location of its
base

CATENAL
ORDER

presence of local
variability of
altitude,
resulting in
differences
within energetic
potentials, thus
within
geomorphic
processes

relative height vertical, in
relation to
slope base

presence of slope
catena
(ridge-slope-valle
y bottom),
boundaries, both
sharp and
blurred,
depending on
type and
intensity of
processes

regular,
internally
differentiated



ern slope – in the warm moderate zone. Both slopes are significantly different in re-
lation to climatic, especially thermal, conditions.

Oceanality (in other words – the “humiditive order”) is defined as a regular
differentiation of landscape related to the influence of oceans and seas on terres-
trial geo-systems. Its opposite, continentality, is considered in a climatic context
only (Martyn 1985). However, this differentiation not only affects climate, but also
other non-climatic landscape features. This order manifests itself in the occurrence
of areas with oceanic, continental and transitional landscape features. Generally,
oceanic environments are characterised, in relation to continental ones, by a higher
level of humidity, a relatively greater amount of precipitation, lower annual tem-
perature amplitude, longer vegetation period, less distinctive variability of seasons
and the occurrence of “lush” vegetation. Whereas continental environments are
characterised by a lower humidity, a relatively smaller amount of precipitation,
higher annual temperature amplitude, shorter vegetation period, more distinctive
variability of seasons and the occurrence of sparse vegetation.

A special role is played by mountain barriers located laterally to the seashore,
which determine abrupt transitions between oceanic and continental environ-
ments that lack transitional zones. Usually this means oceanic areas are of a small
size, which affects continental areas that are then significantly closer to the sea-
shores (Balon 2004a). The slopes on the oceanic side are characterised by oceanic
features, whereas the slopes on the continental side have strongly continental
characteristics, nevertheless they are located close to the water reservoirs. In Eu-
rope, the examples of such mountain barriers are the Scandinavian Mts. the
Cantabrian Mts., the Dynaric Mts. and other mountain ranges.

“Humiditive order” also affects the course of the boundaries of the geo-ecologi-
cal belts (vertical zone) and the vegetation of individual belts. The longer the dis-
tance from the ocean, the lower the occurrence of broadleaf species near the tim-
berline. In the Western Alps and the Pyrenees, the timberline is formed by beech
(Fagus sp.) and spruce (Picea sp.). Above the timberline there occur thickets of
Alnus viridis and Rhododendron sp. as well as Pinus pumilio, a geographical varia-
tion of the mountain pine Pinus Mugo. In the Eastern Alps, the Giant Mts., West-
ern Carpathians, Southern Carpathians and the mountains of the Balkan Penin-
sula, the timberline is formed by coniferous species: spruce, larch and Swiss pine
(Jodłowski 2007).

The belt order is defined as a regular differentiation of landscape related to the
geology (variation of tectonic and morphological units), which results in parallel
belts (physico-geographical or landscape) with relatively distinctive boundaries.
The belt order is also characterised by the alternate composition of belts with high
and low elevation. However, it does not always lead to the belt structure of land-
scape, in some places a mosaic structure occurs. Nevertheless, the belt structure of
landscape would be always noticeable for an observer that is moving, due to the
mega- and macro-relief changes in all directions.

The basic set of features changing in the belt order encompasses tectonics, li-
thology, stratigraphy, rock resistance, level of complexity of geology, altitude, rela-
tive height, type of relief, type and intensity of geomorphic processes, features of
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climate related to macro-morphology, type and affluence of groundwater, type and
density of surface waters, lithological variability of soils and vegetation, and the
form of vegetation.

According to the scale of the study and the study areas, landscape belts with
various levels of generality might be enumerated. In a global scale that would be
the mountains, the uplands and the lowlands, in a regional scale usually their
smaller parts are distinguished, e.g. in the lowlands commonly identified are belts
formed during the last and previous glaciations.

The landscape belts in the mountains are generally narrower than in the low-
lands (Balon 2000), resulting from the geological history of orogenes, particularly
those with a fold structure. The landscape belts refer to the main tectonic units
(crystallinic cores, nappes built of various sedimentary rocks, non-folded sedimen-
tary rocks, young volcanic rocks). The Alps, for example, are characterised by a tri-
partite structure, their axial part is built of crystallinic rocks surrounded on both
sides by sedimentary rocks. The structure of the Carpathians and the Pyrenees is
similar, the belt order occurs also in the Apennines and Dynaric Mts., however it is
of a slightly different type. Furthermore, within the tectonic unit encompassing
similar rock types (e.g. flysch) there might be distinguished separate landscape
belts, resulting from various forms of rock resistance, neo-tectonics and the pro-
cesses of denudation.

The vertical zonality is defined as a regular differentiation of landscape related
to the altitude (Balon 1991). It ought to be mentioned that this is a unique struc-
ture for mountain areas. The basic set of features changing in the vertical zone en-
compasses the length and intensity of insolation, air temperature (magnitude, am-
plitudes), air humidity, type and amount of precipitation, length of vegetation
period, variability and number of seasons, type and intensity of rock weathering,
type and intensity of geomorphic processes, soil types, pace of soil creation pro-
cess, plant and animal species, type of vegetation communities.

The vertical zones or belts (physico-geographical and geo-ecological belts) are
separated by distinctive but usually non-linear boundaries, creating narrow transi-
tional zones – that shall be discussed more thoroughly further in this paper. The
vertical belt structure is regular, that is the same belts do not repeat in different al-
titudes on the vertical profile. This depends on the mountain elevation and the lo-
cation of the mountain base and importantly, the lowest vertical belt corresponds
to the landscape belt (or zone) in which the mountains are located. According to
tradition, in Troll (1972) four vertical belts are distinguished in the mountains all
over the world. These are steppe, forest, periglacial (crionival) and glacial (nival)
separated by three crucial boundaries: upper limit of aridity, timberline and actual
snow line. In particular, mountain ranges divide the main belts into sub-belts; e.g.
in the European mountains of the moderate zone two or three forest belts are dis-
tinguished, and the separate shrub (krummholz) belt with thickets of mountain
pine, juniper (Juniperus sp.), birch (Betula sp.), alder (Alnus sp.) and rhododendrons
occuring (Jodłowski 2007, 2010).

In the mountains, which constitute a barrier between climate zones or conti-
nental and oceanic areas, the asymmetry of vertical zonality commonly occurs. Dif-
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ferent belts can be found on both slopes of the mountains, and boundaries
between them are located on different heights. In the mountains located perpen-
dicularly to prevailing wind directions a disproportion in the amount of precipita-
tion occurs, resulting from the rain shadow on the leeward side of the mountains.
This phenomenon is particularly distinctive in the Pyrenees and the Western Alps.
In the Carpathian and Giant Mts. the difference in vertical belts structure on both
sides of the mountains is of minor importance. However, the influence of moun-
tain massiveness and the level of isolation is significant to the course of the bound-
aries and range of vertical belts. In the Brocken massif, in the isolated Harz Mts.,
which is exposed to the western wind, the mean elevation of the timberline is 150
meters lower than in the compact Giant Mts., located only two degrees of latitude
to the south. Similarly, in the isolated Babia Góra massif, the mean elevation of the
timberline is approximately 200 meters lower than in the Tatra Mts., located less
than half a degree of latitude to the south (Jodłowski 2007).

The morphological or catenal order is defined as a regular differentiation of
landscape related to the relative height. This is characterised, similarly to the verti-
cal zonality, by the vertical variability, however it is not related to the altitude above
sea level but the elevation above the slope base (denudational base). It results in
landscape variability along the catenal profile, the most classic system is slope base
– slope – ridge (ridge flattening). The width of boundaries between parts of this or-
der depends on the type and intensity of geomorphic processes. Slopes shaped
mostly by slow denudational processes (downfall creep) have more blurred bound-
aries, whereas active slopes, shaped by
falls, landslides and flows are charac-
terised by narrow boundaries. The
catenal order is regular but internally
differentiated (various sequences of
slope parts). This phenomenon occurs
in the lowlands, the uplands and in the
mountains, however in the latter it is
fully developed, with the longest and
most variable catenas.

The basic set of features related to
the catenal order encompasses stratig-
raphy, tectonics, rock resistance, type
of relief, slope inclination and aspect,
geomorphic processes, meso-climate,
micro-climate, water retention, surface
and ground water flows, surface wa-
ters, soil type, thickness of soil cover,
plant species and vegetation communi-
ties, as well as wildlife.

In some areas the internal differen-
tiation of catenal order is affected by
human impact, which alters the land-
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ids in flat (A*) vs. mountainous areas
(B). (Balon 2012)
Explanations: 1 – top base, 2 – land surface, 3
– bottom base, 4 – side



scape within particular parts of the order. It might be also fragmented further as a
result of land use change.

The above mentioned spatial orders commonly occur within the terrestrial
geo-systems on earth, only the vertical zonality is limited to the mountains. They
might be delimited in a global or continental scale, and also in a more detailed anal-
ysis (within particular regions). Generally, the landscape of a particular terrain
is always a result of interaction (overlapping) of the spatial orders.

The above has practical consequences. The spatial orders might be considered
as landscape coordinates. It means that every terrestrial area could be described by
five parameters: zonality, belt order, humiditive order, vertical zonality and catenal
order, which gives not only synthetic but also complete information on the land-
scape of a particular area. From this point of view the Tatra Mts. were studied by
Balon (2010b). They are located entirely within the warm moderate zone, and
within a transitional landscape. The other three orders are differentiated within
this mountain range as show shown in Figure 2. The overlapping of the belt order,
vertical zonality and catenal order has allowed the creation of a synthetic picture of
the Tatra Mts. by distinguishing the types of landscape.

Landscape boundaries

The most characteristic landscape boundaries in the high-mountains are those
separating geo-ecological belts (vertical zones) – the boundary between forest and
alpine vertical zone (timberline), as well as the boundary between alpine and nival
vertical zone (actual snow line). The first in particular, was the subject of numer-
ous studies in geo-ecology, botany and forest science. The issues of its origin,
shape, dynamics and stability in a different spatial and time scale have been dis-
cussed.

In some mountain ranges the timberline is very distinct with almost linear
characteristics. In others, tree species near the timberline gradually decrease in
height, the forest becomes less and less close and creats a transitional zone that
measures from a few dozens to a few hundreds of meters as a forest-alpine tundra
eco-tone (Troll 1973b, Armand 1992, Holtmeier 2004). However, this zone is al-
most always narrower than similar boundaries in the lowlands (forest-arctic tun-
dra eco-tone, forest steppe). Thus, in geo-botanic studies, the boundaries of vege-
tation belts in the mountains are defined as the eco-cline; narrow transitional
zones, related to an abrupt change in habitat conditions and vegetation patterns.
(Kornaś & Medwecka-Kornaś 2002).

Traditional studies explaining the pattern of forest-alpine tundra eco-tone in
the European mountains are the works of Plesnik (1971) on the Tatra Mts. and
Friedel (1967) on the Alps. The complex analysis of controls on the timberline
contain the elaborations of Tranquillini (1979), Körner (1998) and Holtmeier
(2004). Key-factors determining the timberline course are those affecting plant
physiology: winter drought, carbon balance, air temperature and mechanical dam-
age by wind and snow cover. In the moderate climatic zone, the timberline corre-

74 Jarosław Balon, Miłosz Jodłowski



Landscape organization in the non-glaciated high-mountain ranges in Europe 75

Fig. 2. Model of layering of three spatial orders in the Tatra Mountains (Balon 2010b)



sponds with the +10°C isotherm of the warmest month (Körner 1998). In the geo-
graphical scale of great importance are the features of relief, meso-climate and the
occurrence of snow avalanches, debris flows and rock falls.

Three landscape boundaries are usually distinguished within the forest-alpine
tundra ecotone (Tranquillini 1979, Arno 1984, Fig. 3). These are the timberline
(the upper limit of close forest), the tree line (the upper limit of tree individuals)
and the krummholz line (krummholz limit, scrub line, the upper limit of sub-al-
pine thickets). In the mountains of Central Europe, the separate geo-ecological
belt (vertical zone) is distinguished; known as the krummholz or subalpine belt.

The krummholz line was rarely the subject of researchers’interest in
high-mountain geo-ecology. The controls on the course of the upper limit of
mountain-pine thickets in the Tatra Mts., Giant Mts, and Babia Góra massif were
explained by Jodłowski (2006a, 2007). The decomposition of close thickets into
separate patches is determined mainly by edaphic and morphological factors
(slope inclinations, landform types), whereas the geomorphic processes (snow
avalanches, debris flows) are the factors strongly lowering the course of the
krummholz line. The most elevated krummholz patches and individuals occur in
locations with the highest supply of solar energy. In the scale of particular moun-
tain ranges, the key-factor explaining differentiation in the course of the
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Fig. 3. Forest-alpine tundra ecotone in the Tatra Mts. (Jodłowski 2007)



krummholz line is the orography, determining meso-climatic conditions and local
wind directions.

As far as the factors controlling the decomposition of close mountain-pine
thickets into separate patches and the pattern of transitional zone between sub-al-
pine and alpine belts are concerned, five krummholz line types were distinguished.
These are orographic, edaphic, morphological, mechanically lowered and anthro-
pogenic boundaries (Balon 1995, Jodłowski 2006b, 2007, 2010, Fig. 4).

Landscape stability

One of the examples of detailed research on the high-mountain landscape was the
study conducted by Balon (2007) on the stability of the natural environment in the
areas located above the timberline in the Western Carpathians. The stability of en-
vironment was defined as the persistence level in unchanging environs and its abil-
ity for relaxation (return to a state similar to the previous after the impact of an ex-
ternal disturbance factor has been stopped). The study area encompassed all the
mountain ranges in the Western Carpathians which exceed the natural timberline.
These are the Tatra, Low Tatra, Beskid Żywiecki, Mala Fatra, Velka Fatra and Choc.
Research was conducted within 14 test sites (1–4 km2). The test sites encom-
passed upper parts of the slope catena, between the timberline and ridge. The
number of test sites corresponded to the size of the area above the timberline in
particular ranges. Particular test sites were characterised by various environmental
features and various levels of landscape alteration by human activity. The basic unit
of study measured 100×100 m. In total, 3357 squares were distinguished, and in
each the following analyses were conducted:
1. Gathering of information and compilation of database on selected environmen-

tal features (altitude, slope aspect and inclination), rock type, type of relief, cli-
matic vertical zone, surface waters, vegetation).

2. Determining 20 measures of environmental vulnerability and computing vul-
nerability indices.

3. Surveying landscape boundaries as a basis for their typology; determining clas-
ses of stability and then the co-efficient of boundary instability.
The analysis of the above mentioned indices and co-efficient of boundary insta-

bility in all basic units allows to determine relations between the stability and the
selected environmental features, and thus the environmental stability model. The
general regularities on environmental stability above timberline were also deter-
mined.

It was stated that:
1. Environmental stability above the timberline in the Western Carpathians is

strongly diversified internally and depends on several factors, foremost altitu-
de, climatic belt, slope inclination, land use and vegetation, surface waters and
slope aspect are of minor importance.

2. Environmental stability in natural (or close to natural) landscape is relatively
high and inversely proportional to the level of landscape mosaic. Stability de-

Landscape organization in the non-glaciated high-mountain ranges in Europe 77



78 Jarosław Balon, Miłosz Jodłowski

Fig. 4. Krummholz line types: A – orographic (valley bottom sub-type), B – edaphic
(sub-type B), C – morphological (sub-type A), D – lowered by avalanches, 1 – krumm-
holz thickets, 2 – krummholz individuals, 3 – krummholz line reaches, 4 – forest, 5 –
contours, 6 – streams and lakes, 7 – rocky slopes and rock faces, 8 – debris slopes



creases with the increase of altitude, slope inclination, density of slope parti-
tion and level of vegetation mosaic. Lower stability is related to the occurrence
of less resistant rocks and selected landforms: talus slopes and rocky slopes; hi-
gher stability corresponds with the occurrence of more resistant rocks, broad
ridge flattenings and valley bottoms.

3. Environmental stability in human-altered landscape is relatively low and inver-
sely proportional to the intensity of human impact. However, the influence of
individual environmental features on the stability is more complex, there is no
direct relation between the level of stability and altitude, rock type and land-
form. Lower stability corresponds with moderate slope inclination (25–45°),
the occurrence of scree slopes, higher density of slope partition and the occur-
rence of streams and secondary grasslands. Higher stability relates to krum-
mholz vegetation, lower density of slope partition, lower slope inclination and a
lack of surface waters.

4. The most stable areas above the timberline in the Western Carpathians are tho-
se built of resistant rocks, located in a valley bottom or on a ridge flattening, as
well as areas with lower density of slope partition, slightly inclined slopes, in a
very cool climatic belt, near the natural timberline, covered with mountain-pine
thickets or ones with relatively small human impact.

5. The least stable areas are slopes with high density of partition, inclination be-
tween 25–45° and western and northern aspect, situated between 1200–1400 m
a.s.l. and between 1600–1800 a.s.l., covered with secondary grasslands, with
relatively strong human impact.
The regularities in relationship between environmental stability and selected

environmental features (Balon 2007) presented above are valid for other European
high-mountains, with the exception of contemporarily glaciated areas.

Conclusion

Only selected issues concerning landscape organisation were presented in this pa-
per. However, it has been shown that there is a strong need for a different approach
towards research in the high-mountain areas as opposed to other landscapes. Chal-
lenges concern high-mountain geography itself (difficult research conditions, lim-
ited access to some areas, risk assessment) – but these are mainly methodological
problems. The use of experience and application of scientific knowledge about
other areas is not a simple matter. A mechanical transformation of methods used
in the mid-mountain would seems to be inappropriate.

In the opinion of these authors, a closer integration of researchers dealing with
the issue of high-mountains is a crucial challenge. An exchange of experience
among not only geo-ecologists but also geo-morphologists, botanists, glaciologists
and climatologists could be very useful in solving theoretical and practical prob-
lems in high-mountain research. Furthermore, organizing symposia and work-
shops with a possibility of discussion on these issues in various geographical re-
gions (mountains of North America, Middle Asia, Africa) would be a profitable
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opportunity – such meetings are popular among researchers dealing with polar en-
vironments.

One of the possibilities for the reintegration of high-mountain research might
be the establishment of a High-Mountain Commission under the auspices of the
International Geographical Union. Such a commission on high-mountain geo-eco-
logy was founded in 1968 and led by Carl Troll (Jodłowski 2009).
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