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Abstract

Natural landscape aesthetic is the natural resource that is essential for maintaining mental and
physical health of humans. Therefore, a natural landscape is the source of human life. The aim of this
study was to assess the natural landscape aesthetic of Uvs province, Mongolia, using a combination of
the spatial multi-criteria decision-making method (MCDM) and the analytic hierarchy process (AHP)
based on Boolean and fuzzy logic. Ten different criteria were used for the analysis. We developed
the aesthetic landscape assessment tier for Uvs province to evaluate each natural beauty indicator in
five stages. The result shows that 13.2% of the area of Uvs province was highly suitable, 39.4% was
suitable, and 46.7% was unsuitable for recreational purposes. The landscape aesthetic potential of Uvs
province was mapped. The landscape aesthetic assessment for recreational purposes is possible using
GIS and remote sensing technology based on a combination of the multi-criteria decision output and
the proposed matrix. Future work should focus on other regions of Mongolia. The developed method of

landscape aesthetic evaluation for recreational purposes can be used in land management.
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Introduction

Landscape study is very significant for examining
the relationship between nature and humans. The
landscape is a complex of terrestrial water and the
land surface formed by various origins, with features
of ecosystems. The landscape contains many variable
meanings that have not yet been agreed upon [1, 2].
There are various definitions of landscape [3-5]. Taken
together, these definitions are that landscapes are a
complex combination of all geofactors in a particular
space or area in a part of the world [6]. A natural
landscape is the combination of genetic parts of the same
topography of a given area, such as rocks, topography,
climate, groundwater and surface water, soil, plant,
and animal species [7-10]. In order to solve the socio-
economic problems of the territory and the country, it is
important to correctly identify them in terms of the type
of landscape, features, and use as a resource for tourism
and recreation [11]. At present, the relationship between
nature and society is marked by the strengthening
development of the tourism industry. This tendency is
observed in many countries, and nowadays, tourism
brings many trillions of dollars in revenue globally
[12, 13]. New lands and territories are being allocated
for recreational activities, and many people are being
involved in recreational use of nature. The natural object
most commonly used for recreational purposes is the
geographical landscape [14]. The landscape has many
properties that are directly reflected in the recreational
environs, and one of them is aesthetic attractiveness
[15]. Geographic research in landscape aesthetics
seeks to solve the issues of selecting sites that are most
suitable for recreational facilities [16]. In this respect,
territory planning should be based on the evaluation
that takes into account all aspects of landscape quality.
Mongolia’s landscape is characterized by a relatively
highland area dominated by arid steppes and deserts,
with very little continental rainfall. Mongolia is located
in the middle zone of the gradual transition from the
dry steppes of Central Asia to the Great Siberian Forest
and Taiga. Mongolian territory is the northern cold
humid climate to the southern very dry climate [17, 18].
It coexists with the Siberian landscape and the Central
Asian desert landscape [17]. This situation is a great
test for depression. Following the high mountains, the
Siberian landscape pushes forward, while the steppes
follow the lowlands, and the Central Asian desert
landscape extends to the north, reaching the slopes,
peaks, and balconies [19].

Lee-Hsueh [20] states that ‘scenic aesthetic is
the outcome of interactions between humans and
landscapes’. People tend to appreciate and enjoy scenic
views and good environment that arouse positive
emotions. Landscape aesthetic and ecological quality
can overlap in some aspects. For instance, the visual
variety of the landscape can be generated by natural
design and correlated to the incidence of biological
productive effects. Thus, the aesthetic experience, lived

in positive emotions, meet the advantages of ecological
experience [21].

In this paper, we focus on the assessment of
natural landscape aesthetics. The aim of this study
was to evaluate the natural landscape aesthetics of Uvs
province, Mongolia, using a combination of the spatial
multi-criteria decision making-method (MCDM) and
the analytic hierarchy process (AHP) based on Boolean
and fuzzy logic.

Material and Methods
Study Area

Uvs province is located in the northwestern part of
Mongolia, sharing a 575 km border with the Republic
of Tuva (Russian Federation) in the north, a 200 km
border with Bayan-Ulgii province, a 152 km border
with Khovd province in the south, and a 340 km border
with Zavkhan province in the east (Fig. 1).

The province has the high mountains of Khan
Khooloi and Togtokiin Shil, the Khan Khukhii
mountain range, the Kharkhiraa, Turgen and Tagna
mountain ranges stretching from the Mongolian
Altai mountainous region, alpine tundra, forest taiga,
mountain steppe, a part of the Gobi desert, steppes, and
desert elevation. Uvs Lake depression is represented s
the northernmost part of the Gobi desert. The conditions
of this Gobi desert made the region unique in terms of
landscape [22].

The territory of Uvs province is rather varied
since it is located at the intersection of three major
geographical regions that are quite distinct from each
other. The western part of the province is covered by
the Kharkhiraa-Turgen Mountains that belong to the
Great Altai mountainous region; its eastern part is
covered by the Khan-Khokhii Mountains that belong to
the Khangai region; and its southern and northern parts
are occupied by the hollows of Uvs and Khyargas lakes
of the depression of the Great Lakes depression [23].
Due to these specific features, the landscape division is
governed by the system of mountains and depressions
with high, medium-high, and low mountains and
intermountain depressions.

Methodology

This study applies a combination of Boolean and
fuzzy logic, the spatial multi-criteria decision-making
method (MCDM), and the analytical hierarchical
process (AHP) (Fig. 2). The general procedure for
landscape aesthetic assessment had several stages:

1. define the objective,

2. select the criteria, for which there are two kinds of
factors and constraints,

standardize the criteria,

assess the ranking and the weight of the criteria,

5. superpose the map layers.

hal
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Fig. 1. Location of Uvs province.

Constraint Map Creation

The constraint map was generated using Boolean
logic. Constraints can be expressed in the form of a
Boolean (logical). Boolean logic can have only two
outcomes, true (1) or false (0). A constraint factor is
a discrete metric that can represent a true or false
condition. Zero values are prohibited conditions, and
1 values are permitted conditions. Constraints in this
particular study often included legal restrictions. These
were current land-use policy restrictions. Condition
assessments and prohibitions can be factors as well [24].

Factor Map Creation

A factor is a criterion that can determine the
suitability of specific outcomes for activities under
consideration [25]. The spatial MCDM method was
used in the creation of factor maps. Suitability levels
for each of the factors were defined; these levels were
used as a base to generate the factor maps one for each
factor [26]. Evaluating natural landscapes scenically
and aesthetically was expressed by qualitative and
quantitative parameters.

Criteria Standardization

All criteria used in the analysis were measured with
different measurement values. Different criteria values

needed to be transformed into common values [27]. In
this study, a simple linear scaling equation based on the
fuzzy set method was used:

Xi - Xmin
Xmax _Xmin (1)

i

..where E, the value of is standardized in pixels i, X
is the minimum value, and X is the maximum value.

Assessing Criteria Ranking and Weights

In the last two decades, three methods have been
widely used to define multi-criteria evaluation: Analytic
Hierarchy Process (AHP), the Ideal Vector Approach,
and Fuzzy AHP. In this study, the AHP approach
was used to find a weighted value of criteria. AHP
is one of the most commonly applied approaches in
decision-making [28] because it is useful for multiple
parameters ranked according to experts’ preferences
[24, 29, 30]. Tomas Saaty developed it in 1977. AHP is
focused on the principles of decomposition, comparative
judgment, and synthesis of priorities [31]. AHP
considers the context of spatial planning decisions, and
identifies and arranges criteria into different groups
[32]. AHP was calculated by weighted values of the
criteria, and it can be expressed with the following
equation:



4500

Erdenejargal N., et al.

Object and subject
selection

Previous research || Model identification Field study and ,
statistics data i Relief |
+ ’
- f | —
[ Natural landscape H Compile GIS H Anthropogenic ] ' Components |
, .
| Vepetation | °
0 3
Criteria for assessing the suitabiity |¢| koo { o 3 P
of nature tourism and ion sites cotena L i g
l i ‘"}& """"" ] ! Permanent snowand ice | E
tural | L ] o
Asgzess the factors of _ﬂ' res?mrc&s !r—b f 3 :F.:.'
landscape aesthetic —» | i 1 Waterfall | | |e =
recreation | | @ Cee—————e- - f 1 E Ccmpaﬁbﬂ.lty
! Lake ! c| ratio <0.1
f 1 3
| Protected area i =
. J L
T
( Tandseape N -
| e & [ Yes ] [ No ]
s aesthetic [ ¢ -
i n | H Design center |
e o '
¥ ¥ f - -
P Y e y i Design axis |
{ Recreational | | Landscape | 1 i
i factors | ! i f
i Cm | | type | ; Design space | i
{ assessment map J (S - @ i AHP (steprise
value indicators A
D S analysis
| Socio- | { o | method)
1 o i H tivity
o | i uman actvity |
| conditions | = =
¥ | | i vl . .
F N 4 {Historical and culturalmonuments | I—‘ N
Raster image ! i ! Integrated landscape !
: : 4 Map algebra | | aesthetic tour-recreation i
i Population | tool ! capacity assessment 1
| Infrastructure | \ P
Ways to protect the aesthetic -] l

—

resources of the landscape J

Fig. 2. Research methodical scheme.

XX(@)
Wi ] e
n 2
~.where X, is the normalized value of a pairwise
comparison matrix, n is the order of the matrix, and
w, is the weight of the criteria. The consistency ratio
indicates the probability, and that the matrix ratings
were randomly generated [24]. The consistency of
the pairwise comparison matrix is expressed by the
consistency index. When the consistency ratio exceeds
0.1, the weighted value is disagreeable, and when the
index value is estimated below 0.1, the weighted value
is agreeable:

Cl

R=—
CR =71

©)

..where CI is the consistency index, R/ is the random
index, and CR is the consistency ratio. The consistency
index was calculated using the following equation:

cl = Amax -n

n—1 “)
..where Cl is the consistency index, 4 is the maximum
eigenvalue, and 7 is the order of the matrix.

Superposing Map Layers

After describing the values of the weighted criteria
concerning their importance for landscape analysis, all
criteria maps were overlaid using the suitability index.
The formula used for calculating the suitability index of
each layer was as follows:

Si = ZXi * Wi (5)
..where Xi stands for the values of each criterion, Wi

stands for the weighted values of each criterion, and Si
is the suitability index.

Criteria Selection

Several authors have evaluated landscape aesthetic
and natural beauty of mountainous areas. Dirin [33]
has developed a methodology for assessing landscape
aesthetic and scenic beauty for the Ust-Koksinsk
region of the Altai Republic, Russia, and has used the
following ten criteria:

1. Density of boundaries between visually identifiable
natural features (m/km?). A combination of natural
terrain features or scenes that are visually attractive
and distinguishable in the landscape typology, makes
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the area more scenic and picturesque. The level or
the range of aesthetic appeal can be evaluated by
the combination of the elements that create these
natural features or scenes, the coverage area of this
combination, and its frequencies.

2. Diversity of the constituent elements. The
geographical landscape consists of a variety of
elements. They can be classified into four groups:
geology-geomorphologic, hydrological, glacial, and
biological. The geology-geomorphological group
includes rocks, stones, exposures of bedrocks,
moraines, talus cones, rock debris, and pebbles. The
hydrological group includes water objects that spread
over the definite area (lakes and pools), and flowing
watercourses (rivers, brooks, springs, and wells). The
glacial group includes glaciers, perpetual snow, and
fluvio-glacial plains. The biological group includes
needle-leaved (or soft-wood) and deciduous forest,
shrubs, half-shrubs, herbaceous plants, and lichens.

3. Color palette. An important and measurable criterion
of landscape aesthetic is the color palette that the
vegetation cover gives to the landscape. Humans
sense and perceive vigilantly not only shapes but
also colors. Natural scenes benefit from colorful
speckles and sequences.

4. Composition nodes. General value and harmony
determine the composition of natural beauty on
the perceptible level. A criterion for landscape
aesthetics is the availability of composition nodes
in the grandeur of nature. It may seem good to have
as many composition nodes of natural beauty as
possible, but the reasonable number is four to five.
They create a memorable aesthetic effect.

5. Composition axes. In natural aesthetic, the
significance of the main contour of the scene is
very high. Linear objects that permeate through the
natural landscape form the axes of the composition.
The axes and the nodes of the composition attract an
observers’ attention.

6. Availability of scene sides. The enigmatic beauty
of nature is explored within the framework of the
objects as human-made green infrastructure and
plants, or the types of relief as mountains, steppes,
basins, and non-regional valleys. When enigmatic
beauty circumscribes the grandeur of nature from
both sides, the attractiveness of landscape is created.
The scene side highlight the grandeur of nature.

7. Depth and diversity of visual perspective. In many
aspects, the attractiveness of a landscape depends
on the depth of open vista from a specific point of
observation or, in other words, the broadness of the
space that is being looked at. The perspective can
be close, intermediate and remote, and when all the
three types exist in the scenery from the same point
of observation, the beauty of the landscape is the
most apparent.

8. Forest coverage (forest’s role in scenic beauty). Many
researchers have emphasized that forest coverage
of the landscape plays an important aesthetic role.

When people think of travelling through a beautiful

landscape, they mostly imagine a forest as healthy

and pleasant scenery. Therefore, the forest factors
must be a criterion of in the natural aesthetic

assessment methodology [34].

9. Symbolic natural objects. The presence of
extraordinary, rare natural and socio-cultural
objects is very significant for the attractiveness
of a landscape. Researchers name such objects as
“symbolic” because they make the grandeur of
nature more specific and distinctive.

10. Anthropogenic transformation of the landscape.
The most important factor that influences the
attractiveness of landscape aesthetic is the level
of changes that were caused by human activities.
Human acts in natural environs are captured in the
visage of nature.

Every landscape has its own aesthetic and natural
beauty, and the above-mentioned criteria such as
landscape diversity, color palette, composition, symbolic
objects, anthropogenic transformation and others,
increase the landscape attractiveness. In other words, it
considerably depends upon the types of reliefs, which
is the main factor that constitutes landscapes, and Uvs
province with the combined territory of mountains and
hollows has relatively good landscape attractiveness
[35].

Landscape diversity is influenced by many factors
such as nature-climatic zone, distance from seas
and oceans, elevation zoning, location of mountains
and mountain ranges, adjacent exposure, steepness,
sculptural reliefs and intensity of modern physical and
geographic processes [36, 37]. Landscape color accord
most increases the beauty of nature, and it is understood
as an agglomeration of various types of landscape in
a relatively small area. Landscape distinctiveness or
singularity influences humans favorably depending
on the presence of aboriginal and rare species areal,
and confinements from the neighboring area. Owing
to the abundance of natural, historic, and cultural
symbolic objects in the landscape, the aesthetic value
of the landscape ascends, and here, natural objects
include waterfalls, lakes, karst caves, tunnels, and other
geomorphologic forms.

Using the above-mentioned criteria for assessing
landscape aesthetic and scenery, we attempted to assess
landscape types of the Uvs province of Mongolia. To do
that, we enriched the point scales for criteria developed
by Dirin with the methodology processed by other
researchers [33]. The principle of this methodology
is to assess every criterion of landscape aesthetics
and scenery by three-score scale (1-3 score) and their
integrated assessment is divided into 3 classes (Tables
1-2).

Data Analysis

The territory of Uvs province is rather varied,
since it is located at the intersection of three major
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Table 1. Criteria for landscape aesthetic assessment.

10-100; 100-500; >500

Criteria Acronym Numeric meaning of criteria Score
0 0
0.1-1.5 1
Density of boundaries between 1.6-3.0 2
visually identifiable natural features Cl 3.14.0 3
(m/km?) 41-55 2
5.6-7.0 1
>7 0
1-2 elements 1
3—4, dominantly 1-2 2
Diversity of the constituent elements C2 5-7, dominantly 3—4 3
>7, dominantly 3-4 2
>7 alone 1
Black, charcoal grey 0
Color palette C3 Almond, brown !
Dark blue, green 2
Yellow-red, white, pink, light blue 3
None 0
1 1
2 2
Composition nodes C4 3 3
4 2
5 1
>5 0
No axis 0
Composition axes C5 One axis 1
Several axes 2
None 0
Availability of scene sides C6 From one side 1
From two sides 2
Close 0
Depth and diversit'y of visual per- 7 Close and intermediate 1
spective Close, intermediate and remote 2
Close and remote 1
0 0
1-15 1
Forest coverage (in %) C8 16730 2
31-60 3
61-85 2
>85 1
Perpetual snow, glaciers (distance in meters <500; 32/
500-2000; >2000)
Symbolic natural objects c9 Lakes (distance in meters 20-500; 500-2000; >2000) 3/2/1
Waterfalls (distance in meters 3271
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Table 1. Continued.

No transformation

Anthropogenic transformation of the c10

Minor transformations

landscape

Reasonable transformed landscape

W N[N W

Eroded landscape

Table 2. Scale of points for landscape aesthetic assessment.

Assessment scale Categories of aesthetic assessment Total score | Rates and coefficients of aesthetic assessment
1 Much higher assessment of natural beauty >22 85-100 (0.78-1.0)
1I High assessment of natural beauty 18-22 67-84 (0.64-0.7)
1 Medium assessment of natural beauty 13-17 48-66 (0.46-0.64)
v Low assessment of natural beauty 8-12 3047 (0.28-0.46)
\% Much lower assessment of natural beauty <q <30 (<0.2)

geographical regions that are quite distinct from each
other. The western part of the province is covered by
the Kharkhiraa-Turgen Mountains that belong to the
Great Altai mountainous region; its eastern part is
covered by the Khan-Khokhii Mountains that belong
to the Khangai region; and its southern and northern
parts are occupied by the hollows of Uvs and Khyargal
lakes of the depression of the Great Lake. Due to these
specific features, the landscape division is governed by
the system of mountains and depressions with high,
medium-high and low mountains and intermountain
depressions.

The Kharkhiraa-Turgen Mountains, located in
the western part of the territory, are atmospherically
continental and have rather good fluvial nets, and
continuous and interrupted spread of long-lasting critics.
Almost all of its mountains are elevated relatively higher
compared with other regions. Therefore, the area is
dominated by not only mountainous meadow landscape
with the frozen-dry pattern, which was formed in the
natural conditions similar to the Ice Age, but also
high-mountainous steppe landscape with cushion
forbs-fescue vegetation with steppe coarse humus soil
and the landscape of bald and high mountains with
perpetual snow and ice. The traces that the mountains
in the area iced much during the Quaternary period
are seen here, especially in the western part. Due to
glaciations, corries were formed in the higher layers
of the mountains, and their downhill became steep and
hollow by being eroded by river valleys and glaciers.
Besides, there are accumulations of lodge moraines on
their bottoms and sides [38].

The Khan-Khukhii Mountains, the most western
branch of the Khangai mountain ranges, are deeply
ingressive to the central part of the area and located
at the intersection of Uvs and Khyargas lakes of the
Great Lakes depression. The Khan Khokhii Mountains
are lower than the Khangai mountain ranges, and its
highest peak is 2928 meters in its eastern section. To

the western part, an absolute altitude of the surface
becomes lower to the Togtokh massif, whose peak
Khurmen-ovoo is 2,356 meters. The vertical zonality
of the landscape is revealed in the Khan Khokhii
Mountains. The highest peak belongs to the landscape
of bare talus, stony slopes, and high peaks. Lowering
from the peak, it has landscapes of the flat surface
of mountain heads, mountain meadow, and meadow
steppe. The landscapes of dry steppe and desert-like
steppe dominate on the steep slopes of the front side
of the mountain, whereas taiga, forestall, forest-steppe,
steppe and dry steppe landscapes spread on the inclined
slopes of the mountainside.

The depression of Uvs Lake spread on the northern
part of the territory of this province is located on the
north part of the tectonic hollow called Great Lakes
depression, which stretches along the longitude by
separating Altai and Khangai Mountains in the deep
basin among Central Asian mountain ranges. The
water-level of Uvs Lake located in the center of Uvs
Lakes depression is 759 meters above sea level, and it
is the lowest among the other parts of the Great Lakes
depression. Since the Uvs Lake depression is located at
the lowest northern part of the Great Lakes depression,
its landscape, and geographic location are peculiar.
Here, the Uvs Lake itself covers a relatively large area
and the complex of sand accumulations, potash, salt
marsh and swamp encircling the lake also covers a
large area. From the bed of the hollow to the foot of
the mountain, there are several types of landscapes with
regional peculiarities. We mapped the landscape with
a resolution of 10 km that shows these peculiarities of
Uvs province, and it classified 28 types of landscapes
in 16 typologies that represent mountains and relief
landscapes [39] (Fig. 3).

In this map, it can be seen that the hollows that
encircle Uvs, Khyargas, Achit, Uureg, Namir, and
Khar Us lakes have desert-like steppe and semi-
desert landscapes. There is vertical zonality on
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IV. LANDSCAPES OF HIGH MOUNTAINOUS MEADOW STEPPE
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V. LANDSCAPES OF HIGH MOUNTAINOUS STEPPE

- High mountain steppe with the vegetation of grasses-forbs in high mountain
steppe dark brown soil on flat surfaces and ridges of mountain tops

VI. LANDSCAPES OF MOUNTAINOUS TAIGA
Forest /Northern taiga/ with the vegetation of green moss, shrubs-green

Bl moss, larch-cedar and cedar-larch forest in permafrost taiga and
ash-like soil on flat surfaces and ridges of 1800-2000 meter high mountains

VII.LANDSCAPE OF MOUNTAINSIDE FOREST
/Southern taiga/ Larch forest with dry moss in forest
permafrost coarse soil on mountain tops and slopes

VIII.LANDSCAPE OF MOUNTAINOUS FOREST STEPPE
Interchanges of meadow steppes with the vegetation of larch, pine,

- pine-larch forests in lawn andsandy soil of mountainous forest and
meadow steppe with the vegetation of various grasses,sedges-grasses
in meadow dark brown and dark brown earth soil of mountainous forest
IX.LANDSCAPE OF DRY STEPPE
Dry ridges of average medium high mountains

-Arctic dry steppe of medium high mountains with shred and
low mountains with less shred

- Antarctic dry steppe of hill-like mounds with less shred

Fig. 3. Main types of landscape.

T
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_ Antarctic dry steppe with shreds and steep slope
mountainside surface
Antarctic dry steppe with shreds and slope steppe-like surface
- Antarctic dry steppe with less shred and slope-like
steppe-like surface
X.LANDSCAPE OF DESERT-LIKE STEPPE
Desert-like steppe with the vegetation of tussocks grasses-
- weeds-stipe in mountainous thin surfaced bright brown soil with
medium size slope surface of hill-like mounds with shred
Desert-like steppe with the vegetation of semi-shrubs-
grasses-cleistogenes in bright brown soil with slope
steppe-like surfaces and Deluvi-Propuvi slope steppe shred
Desert-like steppe with the vegetation of grassy stipe including
various sandy and over-sandy grasses in bright brown soil
without shred and with flat steppe-like surface
Desert-like steppe of medium high mountains
XI.LANDSCAPES OF SEMI-DESERT
Semi-desert with the vegetation of grasses in desert-like steppe
brown soil without shred and with flat steppe-like surface
B. REGIONAL LANDSCAPES
XII.LANDSCAPE OF FLOODPLAIN MEADOW
Swampy meadow with the vegetation of couch-sedge-grasses
in meadow swamp permafrost soil along river mouths and
lake banks
51 Meadow with the vegetation of grass-various grasses,
21| various grasses-grasses in floodplain meadow soil
ﬁ Thicket with the vegetation of asp and wicker-weed
in floodplain meadow swampy soil
Saline meadow with the vegetation of lawn-sedge and sedge,
- grasses-ledge in meadow and meadow less-developed soil
along river mouths
XII.LLANDSCAPE WITH SALT-MARSH
— Community of couch, couch-broom grass including
saltwort in meadow salt-marsh soil along lake banks
- Community of saltwort-wormwood including
grasses in less salty soil
XIV.LANDSCAPE OF SAND ACCUMULATION
Low hillock sand with the vegetation of tussocks
grasses-stipe in sandy brown soil
Hillock with the vegetation of weed-stipe
with sand-dune
Hillock with the vegetation of sandy wormwood and
tussock grasses /larches on the south of the sand/
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Table 3. Main types of landscape.

Total area
Type Assessment scale

km? %

Accumulated snow and ice 1I 101.9 0.2
Mountain with a glacier or covered with snow and ice 1 399.8 0.6
High mountain meadow 1 2,047.3 32
Meadow steppe 11 1,419.6 2.2

Mountain steppe 111 545.7 0.8

Mountain taiga 1I 493.4 0.7
Mountainside forest 1I 2,225.3 35

Forest steppe 1I 2,626.1 4.1
Dry steppe of medium-high mountains 1 6,986.4 10.9
Arctic dry steppe v 3,267.1 5.1
Antarctic dry steppe v 10,850.4 16.9
Desert-like steppe A% 17,893.9 27.9
Semi-desert Vv 4,880.9 7.6

Floodplain meadow 1II 4,234.5 6.6
Complex of potash and salt marsh \% 1,291.6 2.0
Sand accumulation v 4,943.1 7.7

Kharkhiraa, Turgen, Tsagaan Shuvuut, and Khan
Khukhii mountains and gradually there are forest and
taiga landscapes on the definite areal of mountainsides.
The highest peak of Uvs province territory is
4,126 meters above sea level on Kharkhiraa, Turgen
Mountains, and the lowest point is 758 meters above
sea level in Uvs Lake depression. It creates a diversity
of landscapes in the territory. According to the number
of coverage areas of the landscapes in the territory
of the province, 55.7% or 35,730.7 km? of Uvs province
territory has three types of landscapes: desert-like
steppe, southern dry steppe, and mountainous dry
steppe. The followings are the landscapes of semi-desert
and sand accumulation and the least areas are covered
by the landscapes of high mountainous accumulated
snow and ice and mountainous taiga. When the territory
of Uvs province was assessed by the above criteria
with point scales, its mountainous areas had higher
points, and lower areas had relatively low points
(Table 3).

Table 3 shows that the landscapes of high mountain
meadow, accumulated snow and ice, meadow steppe,
mountain taiga, mountainside forest, and forest-steppe
have the highest points. The landscapes of glacierized
mountain, mountain steppe and floodplain meadow
have the neutral points. The landscapes of Arctic and
Antarctic dry steppes and sand accumulation have
mountain steppe relatively low points. The landscapes
of desert-like steppe, semi-desert, and complex of
potash and salt marsh have the lowest points.

Results and Discussion

There are many reasons for carrying out tourism
activities, such as protecting aesthetic resources of the
territory, and appropriately identifying the outlook by
conducting external and internal environment analysis
for activities in tourism industry, and also considering
its advantages and disadvantages.

In this study, ten criteria were applied for landscape
aesthetic evaluation. The ranking of these criteria was
based on a literature review and expert consultations,
with the weights calculated using AHP based GIS
(Table 4). We estimated a consistency ratio of 0.005,
suggesting that there was a reasonable level of
consistency in the judgment (Table 5).

The result shows that the most important criteria
were topographic, vegetation cover, protected area,
and forest. In contrast, the least important criteria
were monuments of historical and archaeological sites,
infrastructure, and number of population.

After weighing the importance of different criteria
for landscape aesthetic analysis, ten obtained maps
were overlaid using the suitability index in ArcGIS.
The research results show that 13.2% of the area of Uvs
province of Mongolia was highly suitable, 39.4% was
suitable, 46.7% was unsuitable for recreational purposes
(Fig. 4, Table 6).

Natural landscape aesthetic is the desirable
component for every encounter with the natural
environment in tourism and recreation activities [40].
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Table 4. Pair comparison matrix of each criteria.

Evaluation criteria Cl C2 C3 C4 C5 C6 C7 C8 C9 C10
Cl1 1 - - - - - - - - -
C2 0.111 1 - - - - - - - -
C3 0.125 0.111 1 - - - - - - -
Cc4 0.143 0.125 0.111 1 - - - - - -
C5 0.167 0.143 0.125 0.111 1 - - - - -
C6 0.200 0.167 0.143 0.125 0.111 1 - - - -
Cc7 0.25 0.200 0.167 0.143 0.125 0.111 1 - - -
C8 0.333 0.25 0.200 0.167 0.143 0.125 0.111 1 - -
C9 0.500 0.333 0.250 0.200 0.167 0.143 0.125 0.111 1 -
C10 1.000 0.500 0.333 0.250 0.20 0.167 0.143 0.125 0.111 1

Consistency ratio: 0.005

Table 5. Defined ranking and weight of landscape aesthetic assessment criteria.

Criteria Ranking Weight

Density of boundaries between visually identifiable natural features F1 0.22341
Diversity of the constituent elements F2 0.17745
Color palette F3 0.14114

Composition nodes F4 0.11180

Composition axes F5 0.08820

Availability of scene sides F6 0.06935

Depth and diversity of visual perspective F7 0.05443
Forest coverage F8 0.04288

Symbolic natural objects F9 0.03451
Anthropogenic transformation of the landscape F10 0.03074

Visual elements of the landscape not only embody
aesthetic values, but also verify the mutual relationships
of these wvalues in cultural, economic, traditional
behavior, and biological dimensions [41]. The main
feature of Mongolia’s natural landscape is that it is low
relatively unaffected by human impact. This is more
suitable for assessing natural landscape aesthetics [42].
Landscape research in Mongolia focuses on the rational
use and protection of natural resources.

Table 6. Results of landscape aesthetic assessment.

Total area
km? %
Unsuitable (Low) 32,516.5 46.7
Suitable (Moderate) 27,444.4 39.4
Highly suitable (High) 9,198.3 132

The results of the landscape mapping are of practical
importance for the planning of the region, the proper
use and planning of natural conditions and resources,
and the determination of the carrying capacity of
natural tourism [43]. Based on the specifics of the
territory of Uvs Province, Mongolia, we conducted a
landscape aesthetic assessment and mapped it, which is
a model study.

The assessment of the landscape aesthetic at the local
level is more specific to the results of the study [44].
This study differs from other studies, in that it covers
the territory of Uvs province in the northwestern part
of Mongolia, and determines the landscape capacity by
hierarchical ranking based on many types of landscape.
Using our research methodology, it is possible to
determine the potential of the natural landscape, and
determine the tourism and recreation resources based
on it.
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Fig. 4. Spatial distribution map of landscape aesthetic potential in Uvs province of Mongolia.

Conclusions

The natural landscape aesthetic of Uvs province,
Mongolia, was assessed by ten criteria using a
combination of spatial MCDM and AHP based on
Boolean and Fuzzy logic. It was found that 13.2% of
the area of Uvs province was highly suitable, 39.4%
was suitable, and 46.7% was unsuitable for recreational
purposes. This data served to compile the landscape
aesthetic potential map of Uvs province at a spatial
resolution of 10 km.

The study confirmed that landscape aesthetic
assessment for recreational purposes is possible
using GIS and remote sensing technology based on a
combination of the multi-criteria decision output and
the matrix. The work will be continued to assess and
map other regions of Mongolia. The obtained results
can be used in land management.

The landscape aesthetic and scenery are the
main factors in assessing natural conditions from
the recreational point of view, and it is a new field of
research in recreational geography that can suggest
many other indicators for the stated purpose. The
landscape aesthetic and scenery vary greatly in regions,
districts and localities of Mongolia depending on their
location, latitude, terrain combinations, and hence it
is required to develop a system of criteria suitable to
assess them.

This research tested the assessment criteria that
was proposed by Dirin [33] previously used to assess

landscapes in Ust-Koksinsky District of the Altai
Republic, Russia. Future work will concentrate on
exploring each of the criteria of landscape aesthetic to
fully comprehend their meaning and content, to reform
the measurement scales, to assess the pillar points, to
compare the assessment of researchers with that of
tourists, and to conduct surveys.
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