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Abstract: In an era of significant growth in the availability of spatial data and continued advances
in computing technologies, opportunities for new interpretations and solutions to the landscape
research problems posed worldwide are emerging. This paper presents different possibilities of
applying digital terrain model (DTM) data in research of various aspects of landscape. For this
purpose, two different methods were proposed. The first was to identify a set of components of
the Jelenia Góra city landscape character on the basis of the topographic position index and spatial
distribution of land cover, while the second was to assess the landscape of Jelenia Góra city in terms of
the possibility of adopting new elements, using the author’s scenic absorptivity method. The results
indicate the structure of the components of the landscape character of Jelenia Góra city together
with its spatial distribution, which also allowed for the delineation of landscape units. The scenic
absorptivity analysis showed that there are isolated areas within Jelenia Góra city that are capable
of accommodating significant size elements that would not adversely affect the city landscape. In
conclusion, DTM data are able to significantly improve research methods in landscape studies.

Keywords: digital terrain model; scenic absorptivity; landscape capacity; visual absorption capability;
topographic position index; landform classification; landscape valorization; landscape characteristics

1. Introduction

The digital terrain model (DTM) is a numerical representation of a terrain surface
created by a set of appropriately selected points lying on this surface and interpolation
algorithms enabling its reconstruction in a specified area [1]. The interpolation algorithm
makes it possible to determine the height (Z) of any point, defined in the model area
by a pair of plane coordinates (X and Y) [2]. DTM can be classified by the content of
objects located on the land surface. The most commonly used terms include the digital
elevation model (DEM)—which contains the elevation of the actual land surface (excluding
land cover elements, such as buildings, structures, trees, and shrubs) [3–12]—and the
digital situation (surface) model (DSM), representing the shape of the surface spanned
by objects on the land surface (buildings, structures, trees, and shrubs) or directly on the
terrain [2,13–15]. In this paper, DTM is understood as a general term for a set of terrain
elevation data, without information on coverage or lack thereof. The terms DSM (for a
model with land cover) and DEM (for a model without land cover) are used to denote
information on the content of land cover elements in the model. In this sense, both terms
constitute a DTM.

Both in the literature and among the tools available in the GIS environment, there are
many products resulting from calculations using a DTM. It can be used for a multitude of
purposes in a variety of fields, including hydrology [16–18], geomorphology [19], urban
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planning [20], architecture, archaeology, geology [21], telecommunications, agriculture,
ecology, forestry, defense, security, tourism, and most importantly, landscape studies [22].
Research and assessment in this field of study are extremely challenging tasks for natural
sciences, as they are fraught with subjectivity related to the intuitive nature of research
methods. The complexity of issues, based on different scientific disciplines, contributes
to this, which often leads to different, sometimes mutually exclusive, research results [22].
The digital terrain model makes it possible to objectivize parameters of landscape forms
description and assessment, and also creates the possibility of the more objective assess-
ment of landscape forms for both scientific and land use purposes [22]. Digital tools
provide an opportunity to estimate the distribution of landscape forms of special value
and indicate their spatial interrelationships, which contributes to the development of
landscape and environmental protection analyses. It is theoretically possible to classify
landscape forms based on the comparison of a number of geomorphometric indicators,
such as slope, exposure, roughness, relief intensity, or peakiness [23]. All these indicators
can be calculated from the DTM data. This proves to be extremely useful in landscape
management. Geomorphometrical data can support comprehensive analyses, not only
facilitating the understanding of landscape processes and landscape conditions, but above
all providing the basis for conclusions in the context of landscape policy. Both the digital
terrain model and the slope and exposure resulting from its calculations, in combination
with a dataset containing, e.g., land cover information for different time periods, can be
used to study landscape changes [24]. Topographic conditions, which can be described by
a digital terrain model, significantly determine the accessibility of an area, which affects the
probability of, e.g., construction investments being carried out. Thus, by understanding
that the landscape changes are largely dictated by land transformations in terms of develop-
ment, they can be considered as a natural driving force of landscape transformation, which
over the years has proven to be an important determinant factor of landscape change [24].
Conducting research in this area is greatly facilitated by a DTM. However, these data are
much more widely applicable in the context of landscape studies. It can be used for the
following purposes:

• Landscape valorization [22];
• Classification of landscape based on a viewshed [23];
• Soil–landscape correlations studies in a hilly area [25];
• The assessment of transformations and perspectives of landscape development [26,27];
• Determining the influence of technical infrastructure on landscape value [28];
• Planning and decision-making involving spatial objects, e.g., the placement of eco-

nomic infrastructure objects [28];
• Creating new trails, as well as modifying and optimizing existing ones [27];
• Valorizing and inventorying as well as taking care of cultural, natural, architectural

objects, etc., affecting the landscape value of the region [29];
• Analyzing trends and forecasting threats to existing natural landscape resources [26];
• Promotion and internet advertising using the resources collected in the databases,

especially the dissemination of knowledge in the field of landscape protection [28];
• The visualization of landscape projects using all kinds of numerical thematic maps

and other cartographic materials, e.g., orthophotomaps [22,30].

The aspects mentioned above are only some examples of how DTM data can be
applied in landscape management. There are a significant number of algorithms in software
capable of performing DTM data analysis that can examine elevation data. Specialized
fields, such as hydrology and forestry, use analysis methods that are closely tailored to
their requirements. Additionally, in the field of geomorphology, there are a very significant
number of algorithms based on DTM data that are used to characterize the morphology of
the terrain. The considerable availability of DTM data processing tools used in specialized
fields creates a favorable field for using them in new contexts, linking them to one another,
and reinterpreting the results. This is particularly true for landscape studies, which should
combine aspects of the specialized fields.
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Considering the developing possibilities to acquire and analyze DTM data, which
are great at describing terrain, it is deemed necessary to exploit its diverse potential in
landscape research. In this paper, two different methods are proposed to apply DTM data
in this field. One of them is a method of reviewing the landscape character and delimitating
landscape units using land cover data and a landform classification based on the topographic
position index (TPI) described by Weiss [31]. The TPI aggregates information on the absolute
height of the terrain, its slope, and the variation in its relief, thus becoming an important
indicator describing the landscape in the natural context, which consequently contributes to
the ability to support the processes of aesthetic value assessment and landscape valorization.
Previous applications of the index have been limited primarily to geomorphological studies.
Within the framework of this study, it was considered that the index, together with land
cover information, could be very useful in the field of landscape studies, particularly in
describing landscape character, which makes the TPI utilized in a new context. The second
method is a self-developed method of landscape assessment regarding the possibility of
adopting new elements using scenic absorptivity to identify locations of the maximum
allowable development height that would not adversely change the landscape. Important
elements influencing the physiognomy of the mountain landscape are the components
of geomorphological structures, land cover in the areas of mountains, and the character
of foothill towns observed from the trails. The value of scenic absorptivity indicated in
the study determines the maximum height of space remaining invisible from the adopted
viewpoints. With the appropriate selection of these viewpoints, i.e., such that all landscape
observation sites important for the given area are included in its set, it is possible to
determine the areas whose transformations would not have a negative impact on the
landscape values of the area, together with the indication of the maximum permissible
height of objects that are components of these transformations. In the context of built-up
areas, and in particular, those indicated for development in spatial planning documents,
the proposed indicator allows us to de-limit areas of maximum permissible building height,
which would not contribute to the loss of identity and physiognomy of the landscape [32]
from any number of viewpoints.

Jelenia Góra city, which is characterized by a significantly different landscape, was
chosen as the research area. The aim of the study was to assess the city of Jelenia Góra in
terms of landscape characteristics, resistance to landscape transformation, and ability to
adopt new elements without losing the physiognomy of the landscape. The research was
intended to find answers to the following research questions:

1. What is the character of the landscape of Jelenia Góra city in the context of land cover
and landform diversity?

2. How does landform diversity and land cover influence the spatial distribution of
landscape units of Jelenia Góra city?

3. What is the capacity and spatial distribution of areas able to accept new elements into
the Jelenia Góra city landscape without losing its value?

4. How are the development areas of Jelenia Góra city indicated in the study of condi-
tions and directions of land development distributed in the context of scenic absorp-
tivity, and what landscape effects does this have?

5. What is the impact of land cover features on the ability of Jelenia Góra city to absorb
new elements into its landscape without losing its values?

6. How useful are DTM data for solving the abovementioned problems?

The constant development and refinement of new landscape analysis methods based
on DTM data is an important element in supporting standard research methods. In an
era of ever-increasing accessibility to spatial data, advances in data acquisition techniques,
the accuracy of these data, and research capabilities, landscape studies using DTM are
able to more accurately describe the state and quality of landscape resources and the
relationships among them, which in turn leads to a significant improvement in landscape
management processes.
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2. Materials and Methods
2.1. Study Area

The study area consists of Jelenia Góra city situated in the northern part of Jele-
niogórska Valley, on the Bóbr River. The area is located in the south-western part of Poland
as well as in the south-western part of Lower Silesian Voivodeship. The location of the
study area is shown in Figure 1.

Figure 1. (a) Location of the study area at the European Union scale; (b) location of the study area at
the country scale; (c) location of the study area at the regional scale; (d) digital elevation model of the
study area; (e) land cover of the study area (data from Urban Atlas 2018).
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Jelenia Góra, with a total area of 109.2 km2, is among the largest cities in the Lower
Silesian Voivodeship. From the south, Jelenia Góra city shares its border with the Czech
Republic. The city is surrounded by the Izerskie Mountains and Izerskie Foothills in the
west, the Kaczawskie Mountains in the north, the Rudawy Janowickie in the east, and
the Karkonosze Mountains in the south, which makes it very attractive for tourism. The
high quality of geomorphological forms and natural habitats of the Karkonosze Mountains,
which in part are located in the southern zone of the city, as well as other environmentally
important areas of Jelenia Góra city, determine the existence of many protected areas in
this place, including Karkonoski Park Narodowy (Karkonosze Mountains National Park),
Natura 2000 Special Protection Areas (PLB020007), Natura 2000 Special Areas of Conserva-
tion (PLH020076, PLH020044, and PLH020006), and “Dolina Bobru” Landscape Park.

As shown in Figure 1e, in general, the land cover of Jelenia Góra city consists of an
urbanized core surrounded first by agricultural areas and pastures and then by forest areas.
The urban core consists largely of highly urbanized areas and industrial areas, although
there are also zones with less intense development.

The altitude within the city ranges from 311 m to 1416 m a.s.l. The land in the vicinity
of the city is in the form of a basin surrounded by mountains, crossed by the Bóbr River,
the terrace of which is the main landscape axis of the area. The study area is characterized
by significant diversity in landscape forms. In the general view of the city area, in terms
of relief, there are both areas of considerable denivelations and diverse terrain forms, and
flat areas with monotonous, relatively undifferentiated relief. The land in the vicinity of
Jelenia Góra (a basin surrounded by mountains) and the large height differences mean that
this area is characterized by outstanding scenic qualities. From the bottom of the basin,
it is possible see the surrounding hills, and from the mountains, it is possible to see the
basin. This arrangement creates excellent observational conditions within the context of
the local landscape. Jelenia Góra city scenery consists of areas with different characters of
both relief and land cover. These include the following: Karkonosze Mountains, which are
characterized by the highest dynamics of the natural landscape in terms of land denivela-
tions; Cieplice Depression, which is mostly flat; Izera Foothills, consisting of wide and low
hills crossed by the Bóbr River; the central part of Jelenia Góra and Zabobrze, which are
characterized by a flat surface and a high level of urbanization; Maciejowa, consisting of a
series of hills and small valleys, as well as the valley of the Radomierka River; Łomnickie
Hills, characterized by small hills and valleys, as well as built-up areas. The approximate
location of the indicated areas is shown in Figure 2.

Figure 2. Areas within Jelenia Góra city with different characters of relief and land cover
(1—Karkonosze Mountains; 2—Cieplice Depression; 3—Izera Foothills; 4—central part of Jelenia
Góra and Zabobrze; 5—Maciejowa; 6—Łomnickie Hills).
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Significant visual diversity of the abovementioned elements within the study area and
the local variety of landforms renders the terrain of Jelenia Góra city an interesting object
of landscape research. Taking into account the multitude of elements of hills surrounding
the city as well as vast plains and slopes, managing the landscape of the study area whilst
respecting its physiognomic values becomes an extremely important and difficult task.

In order to achieve better research results, the study area was extended in some
stages of analysis by including some point areas of mountain peaks in the Karkonosze
Mountains. This expanded the possibilities of assessing the city landscape, a component of
which is also undoubtedly the peaks of the Karkonosze Mountains located outside the city
borders. These point locations include the following peaks and other important landscape
observation points of Jelenia Góra city: Kamenec, Szrenica, Łabski Szczyt, Śnieżne Kotły,
Wielki Szyszak, Smogornia, Śnieżka, and Skalny Stół.

2.2. Method of Jelenia Góra City Landscape Character Diagnosis Using the Topographic Position
Index and Land Cover Map

All the necessary analysis steps were performed in a GIS environment. SAGA GIS,
QGIS, GRASS GIS, and ArcGIS software were used for data preparation and analysis,
while for final visualization and map export, only QGIS software was used. In this part
of research work, data containing a digital elevation model interpolated to 1 m resolution
GRID form was used. It is freely available through the National Geoportal of Poland [32].
The data were acquired using Airborne Laser Scanning technology, during a flight in
2019. A total of 141 DTM datasheets measuring approximately 2.3 km by 2.3 km each
were acquired for the research. Due to more favorable data storage and computational
advantages, the GRID form of the DTM was used during the calculations. To obtain land
cover information, the Urban Atlas data was used [33].

In order to conduct a diagnosis of the landscape character of Jelenia Góra city, among
the most important steps was to accurately classify the morphological forms using the
landform classification method based on the TPI. The method allows us to generate a map
representing morphological landforms using only the elevation data stored by DTM. In the
literature, the most common methodology of classifying landforms on the basis of TPI is
based on the combination of two index maps—with a smaller and a larger surrounding
area—determining the local average height, on the basis of which the DTM raster cells are
compared [34,35]. By generating TPIs at the appropriate scales, it is possible to correctly
adjust to the local conditions of relief. Bearing in mind the above assumptions, it can be
noted that an extremely important stage in the classification of morphological forms of
terrain on the basis of TPI is the selection of appropriate values of the neighborhood size
parameter. In order to accurately match the local terrain conditions of Jelenia Góra city, a
number of a sample different scale TPIs were calculated. During the analysis of the results
of the sample group of TPIs, it was found that the values of 100 m as a small scale and
500 m as a large scale are the most diverse and reflect the differences in the characters of
the relief to the greatest extent.

The second extremely important part of the landforms map determination process is
the appropriate assumptions made between the TPI rasters at the two scales. Observing
the index results at each scale makes it possible to assess which areas of elevation devia-
tion from the mean in the assumed neighborhood illustrated by these results should be
considered for landform determination and their values.

By standardizing and combining the TPI rasters at the two chosen scales, 10 types of
landforms were distinguished. These forms, in addition to the assumptions in relation to
the standardized raster values, are presented in Table 1. In order to better visualize the
adopted assumptions, Figure 3 shows a photo taken from the viewing platform “Śnieżne
Kotły” with markings of examples of distinguishable landforms.
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Table 1. Landform classification based on standardized and combined TPI rasters at two scales.

Landform Class Number Landform Classes Description

0 deeply incised valleys and ravines Small scale: Z0 ≤ −1
Large scale: Z0 ≤ −1

1 shallow small valleys and slope basins Small scale: Z0 ≤ −1
Large scale: −1 < Z0 < 1

2 valley closures Small scale: Z0 ≤ −1
Large scale: Z0 ≥ 1

3 trough valleys Small scale: −1 < Z0 < 1
Large scale: Z0 ≤ −1

4 flatlands and slopes with a slope of up to 6◦ Small scale: −1 < Z0 < 1
Large scale: −1 < Z0 < 1

5 slopes over 6◦ Small scale: −1 < Z0 < 1
Large scale: −1 < Z0 < 1

6 upper parts of slopes and mesa tops Small scale: −1 < Z0 < 1
Large scale: Z0 ≥ 1

7 secondary local ridges and lateral midslopes Small scale: Z0 ≥ 1
Large scale: Z0 ≤ −1

8 lateral ridges and poorly defined culminations Small scale: Z0 ≥ 1
Large scale: −1 < Z0 < 1

9 ridges and culmination tops Small scale: Z0 ≥ 1
Large scale: Z0 ≥ 1

Source: own elaboration based on Weiss, A. D. Topographic Position and Landforms Analysis [34].

Figure 3. A photo taken from the viewing platform “Śnieżne Kotły” with markings of examples
of distinguishable landforms (0—deeply incised valleys and ravines; 1—shallow small valleys and
slope basins; 3—trough valleys; 5—slopes over 6◦; 7—secondary local ridges and lateral midslopes;
8—lateral ridges and poorly defined culminations; 9—ridges and culmination tops).

To obtain the results of the study, particularly in the area of aggregation of results
from both issues, the Point Bonitation method was used, which was applied to both land
cover data and data containing landforms. The Point Bonitation method is among the
frequently used methods in the landscape valuation process. This method provides the
fastest and simplest way to determine the location of a selected parameter, despite the
inability to assign units to the resulting values [36]. To investigate and synthesize landform
and land cover diversity information, the study area was divided into a homogeneous
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network of hexagonal statistical regions of 7.795 ha each, with its centroids spaced 300 m
apart. This network was used to store land cover and landform diversity information in
a single, homogeneous spatial division, which allowed us to compare these data. First,
an analysis of the number of landforms in each hexagonal region was conducted. In this
connection, diversity was categorized as 3 classes for ease of interpretation of the results:

• Class 1, which included statistical regions containing 1 to 3 landforms;
• Class 2, which included statistical regions containing 4 to 6 landforms;
• Class 3, which included statistical regions containing 7 to 9 landforms.

It was assumed that class 1 represents regions that are geomorphologically poorly
diversified, class 2 consists of regions that are moderately diverse in terms of the number
of landforms, and class 3 represents the high geomorphological diversity of a hexagonal
statistical region.

After coding the landform diversity information to the hexagonal statistical regions,
an analysis of the dominant proportion of land cover area in each region was conducted.
For this purpose, land cover forms were first generalized into three classes:

• Forests, composed of Urban Atlas classes 31,000, 32,000, 30,000, and 13,100;
• Agricultural lands, composed of Urban Atlas classes 21,000, 22,000, 23,000, 24,000,

25,000, and 33,000;
• Urbanized areas, composed of Urban Atlas classes 11,100 11,210, 11,220, 11,230, 11,240,

11,300, 12,100, 12,210, 12,220, 12,230, 12,300, 12,400, 13,100, 13,300, and 13,400.

After aggregating the Urban Atlas land cover resources into three polygons relative
to the listed classes, an operation was performed to intersect the resource with hexagonal
statistical regions. In this way, a resource containing information on the area of each
generalized land cover class in each statistical polygon was obtained. In order to qualify
each statistical region to a particular generalized land cover class, the rules shown in Table 2
were followed.

Table 2. Rules for classifying hexagonal statistical regions into specific land cover classes.

The Land Cover Class Adopted for the Hexagonal Region

Forests Agricultural
Lands

Urbanized
Areas

Forests and
Urbanized

Areas

Forests and
Agricultural

Lands

Agr. Lands and
Urbanized

Areas

Mixed
Areas

Sh
ar

e
of

la
nd

co
ve

r
ar

ea
in

th
e

he
xa

go
na

lr
eg

io
n Forests >60% - - >25% >25% <25% rest

Agricultural lands - >60% - <25% >25% >25% rest

Urbanized areas - - >60% >25% <25% >25% rest

Once each hexagonal statistical region was classified into its unique generalized land
cover class, data containing this information were combined with the landform diversity.
In order to characterize the landscape of Jelenia Góra city, each hexagonal statistical region
was classified in terms of land cover class and level of landform diversity into a specific
landscape category.

In order to delineate landscape units of Jelenia Góra city, information on land cover and
the spatial distribution of individual landforms was overlaid on one map. This operation
allowed us to observe physiognomically coherent areas with clearly outlined borders.
Landscape units were delineated on the basis of both the superimposed landforms and
land cover data and the hexagonal map of landscape characteristics discussed above.

The results of landscape character analysis should only be interpreted as visual factors
that shape the landscape of the area. In addition to geomorphological factors and land
cover information, other important elements, such as socioeconomic aspects, soil properties,
vegetation regeneration potential, and vegetation diversity, were not included in this study.
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To better understand the methodological steps carried out to identify the landscape
character of Jelenia Góra city using DTM data, a schematic diagram describing them is
presented in Figure 4.

Figure 4. A diagram describing methodological steps carried out to identify the landscape character
of Jelenia Góra city using DTM data.

2.3. Method of Landscape Assessment of Jelenia Góra City in Terms of the Possibility of Adopting
New Elements, Using the Scenic Absorptivity

All the necessary analysis steps were performed in a QGIS environment. In this part
of research work, data containing a digital situation model and a digital elevation model
interpolated to a 1 m resolution GRID form were used. A total of 282 datasheets (141 of
DEM and 141 of DSM) measuring approximately 2.3 km by 2.3 km each were acquired
for the research. During the GIS analyses, both GRID and TIN structural forms of the
digital terrain model were used. Due to more favorable data storage and computational
advantages, the GRID form of the DTM was used for the calculations. The TIN form, on
the other hand, served as a component of some of the analyses for which the GRID form
would not serve an appropriate role.

The first step of the analysis was to determine the visibility field from selected vantage
points. Due to significant demand of the algorithms calculating the visibility field on
the computational power of the computer, only the highest and most exposed mountain
peaks and vantage points were selected for the set of the most important Karkonosze
landscape observation points. The following were included: Śnieżka, Szrenica, Łabski
Szczyt, Śnieżne Kotły, Wielki Szyszak, Smogornia, Kamenec, and Skalny Stół. The scale of
scenic absorptivity was calculated on the basis of DSM, which stores information on both
the height of relief and the elements of its coverage, and DEM, which indicates only the
height of relief. Thanks to this, the determination of the visibility field from the adopted
points took the following into account separately:

1. The existing buildings and forest areas, which are often an important element limiting
the visibility field;

2. The relief itself, which is a permanent component of the landscape, as opposed to
land cover elements that may be subject to transformation.

The next step was to build a TIN model from points representing the boundary of
areas invisible from the adopted viewpoints and convert it to the raster form. Thanks to
that, the absolute height of the area identical to the upper limit of the invisible space from
the given viewpoints was indicated. This operation was performed twice—on the basis of
DEM and DSM data.
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The subsequent step was to reclassify the DTM raster and the upper boundary of
the invisible space raster created from the TIN model in order to preserve its absolute
heights in the invisible areas and to assign a value of 0 to the cells identical to the visible
areas. The final step was to subtract the value of the reclassified altitude raster from the
reclassified TIN model raster. The subtract operation resulted in the difference of the
absolute height of the upper limit of the invisible space and the ground level. The obtained
values determine the areas defining the maximum height relative to the ground level of the
invisible space from the assumed viewpoints. To better understand the principles of scenic
absorptivity, it is shown in schematic cross section in Figure 5.

Figure 5. Schematic terrain cross-section illustrating the principles of scenic absorptivity.

The final phase in the assessment of the possibility of adopting new elements in the
landscape of Jelenia Góra city landscape was to overlay the scenic absorptivity results onto
the map of the development directions contained in the study of conditions and directions
of land development of Jelenia Góra city. Thanks to this operation, an assessment was made
of the influence of the areas planned for development in the document on the change in the
landscape of Jelenia Góra city. For this purpose, areas planned for building development
were reviewed and, on the basis of the scenic absorptivity scale, those that would remain
invisible from the adopted viewpoints were identified. It was assumed that areas with a
significant scale of scenic absorptivity would not affect the local landscape transformation
much, while areas with no scenic absorptivity, after development, would have a greater
impact on changing the landscape of the city. This analysis allowed us to assess which
solutions contained in the spatial planning document would contribute most to landscape
transformation, and in which places it is possible to introduce development that would not
contribute to this process.

To better understand the methodological steps carried out to assess Jelenia Góra city
in terms of the possibility of adopting new elements, using the scenic absorptivity based
on DTM data, a schematic diagram describing them is presented in Figure 6.

Among the terrain features relevant to view analyses, the most objective and enduring
is the relief of the terrain (for example, compared to seasonality of vegetation or variability
of atmospheric factors). Therefore, the results of the scenic absorptivity analysis conducted
using the DEM should be treated as “hard”, indicating areas that, regardless of landscape
changes, such as deforestation or building demolitions, would not affect the landscape
observed from the adopted, essential viewpoints. However, in order to fully represent the
actual scenic absorptivity value closest to reality, the model most similar to the real situation
should be taken into account. On the other hand, if it is necessary to be certain about the
possibility of introducing new elements into the landscape that would not affect it, e.g., in
the case of tourist investments, such as a large hotel, the results of the scenic absorptivity
analysis performed on the DEM should be taken into consideration first. In the era of
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the expansive introduction of tourist objects that can often degrade the landscape, scenic
absorptivity analysis should be among the basic preventive factors in landscape protection.

Figure 6. A diagram describing methodological steps carried out to assess Jelenia Góra city in terms
of the possibility of adopting new elements, using the scenic absorptivity based on DTM data.

3. Results
3.1. Jelenia Góra City Landscape Character Diagnosis

Among the important factors defining the character of a mountain landscape is the
diversity of landforms. Digital DTM data analysis tools enable us to quantify this. Among
many methods of analyzing digital elevation data, the topographic position index (TPI)
provides one of the most effective and simplest methods of classifying terrain morpho-
logical forms [34,35,37]. To create a map of landforms in this study, TPI was used at the
following two scales:

• The first was 100 m, based on which it is possible to indicate—among other shallow
small valleys and slope basins, flatlands and slopes with a slope of up to 6◦—slopes
over 6◦, secondary local ridges, and lateral midslopes, as shown in Figure 7a;

• The second was 500 m, based on which it is possible to indicate—among other trough
valleys, flatlands, and slopes with a slope of up to 6◦—slopes over 6◦, upper parts of
slopes, and mesa tops, as shown in Figure 7b.

Figure 7. (a) Topographic position index based on 100 m radius (scale from −10 m to 10 m);
(b) topographic position index based on 500 m radius (scale from −100 m to 100 m).
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Standardizing and combining TPI rasters at two scales allowed us to classify landforms
reflecting either large-scale geomorphic elements resulting from large-scale TPI or fine-scale
elements resulting from small-scale TPI. Selecting the two index scales at the 100 m and
500 m levels allowed us to extract landform information from the DTM data adapted to the
scale of the study area. The results of the analysis allowed us to show the characteristics
of the Jeleniogórska Valley completely flat depressions, flat-bottomed river valleys, and
island hills with rock formations, as well as those typical for the Karkonosze Foothills
and the Karkonosze Mid-Mountain Carcass highlands separated by small plains and deep
valleys. The result of the landform analysis, in the shape of a map of geomorphological
forms, is shown in Figure 8. Figure 9 shows a northeast view of a portion of the 3D model,
representing the Karkonosze Mountains, with the landforms layer overlaid.

Figure 8. Landform classification based on standardized TPI rasters at the two scales (0—deeply
incised valleys and ravines; 1—shallow small valleys and slope basins; 2—valley closures; 3—trough
valleys; 4—flatlands and slopes with a slope of up to 6◦; 5—slopes over 6◦; 6—upper parts of slopes
and mesa tops; 7—secondary local ridges and lateral midslopes; 8—lateral ridges and poorly defined
culminations; 9—ridges and culmination tops).

Figure 9. View of the Karkonosze Mountains landforms 3D model from the north-east.
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Based on the TPI, 10 landforms were distinguished in the analysis area. In terms of the
spatial distribution of the landforms, the city area can be divided into two main zones: the
north, which is a part of the Jeleniogórska Valley Depression, and the south, which is a part
of Karkonosze Mountains. In terms of the size of fields of individual geomorphological
forms, the majority of them are flatlands and slopes with a slope of up to 6◦. These areas
are located mostly in the central part of the study area, especially in the vicinity of Cieplice.
Slopes over 6◦ also occupy a significant part of the city. These landforms, in turn, are located
in the southern part of the study area, which is included in the Karkonosze Foothills and
the Karkonosze Mid-Mountain Carcass, as well as in the north-western part of the city,
near the deep valley of the Bóbr River. In general, it can be considered that due to its
dominance in space, flatlands and slopes over 6◦ are a background for other landforms.
The Bóbr River Valley itself in the western part and its surroundings comprise the most
geomorphologically distinctive part of the northern zone of the city. Additionally, in the
eastern part of the northern zone, there are some isolated and island-like hills, which makes
it distinct from the surrounding landscape. The southern part is characterized by a much
more complex geomorphological form. The northern part of the southern zone of the study
area, Karkonosze Foothills, consists of a hilly area composed of many separate hills and
smaller and larger valleys, which makes the structure of this part easily distinguishable in
the context of the city. Further south, the number of small hills and the frequency of valleys
decreases, giving way to areas of slopes over 6◦ and upper parts of slopes and mesa tops.

An important factor determining the quality of the landscape and characterizing
it, especially in the context of the mountain landscape, in addition to the occurrence of
different morphological forms, is the level of its diversity. In this study, maps indicating the
level of landform diversity were developed and divided into hexagonal statistical regions.
The amount of landform diversity was marked as the number of types of landforms in
one statistical region, as shown in Figure 10a. For subsequent analytical processes, the
detailed diversity of landforms was generalized into three classes, as shown in Figure 10b.
This result provided a starting point for further analysis in subsequent research processes.

Figure 10. (a) Diversity of landforms understood as the number of types of landforms in the adopted
hexagonal statistical region; (b) diversity of landforms generalized into three classes in the adopted
hexagonal statistical region.

The analysis of landform diversity allowed us not only to assess the degree of diversity
of landforms, but most importantly to prove the potential landscape value and may be
among the factors able to describe the character of the landscape. The results of the
diversity of landform analysis indicate that the southern part of the study area (Karkonosze
Mountains) is potentially characterized by the highest landscape values. Additionally, the
hills and small elevations located peripherally to the city center are potential areas of high
landscape value, especially the area of the Bóbr River Valley in the western part of the city.
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Landform diversity only describes the landscape in terms of relief. In order to complete
the diagnosis of landscape characteristics of Jelenia Góra city, the results of this part of
research were synthesized with information on land cover. The land cover map from the
Urban Atlas, in order to make the analysis easier to perceive without overcomplicating the
results, was simplified into three main classes, as shown in Figure 11a. Figure 11b, on the
other hand, shows the dominant share of the area of the generalized land cover class in the
hexagonal statistical regions, which made it possible to compare this information with the
magnitude of landform diversity.

Figure 11. (a) Land cover generalized into three classes; (b) the dominant share of an area of one
of the three generalized land cover classes or the mixed share of land cover classes in the adopted
hexagonal statistical region.

The analysis of land cover and landform diversity by homogeneous statistical regions
resulted in a resource containing information on landform diversity within each land
cover class. The data provide information on the level of land variability and the spatial
distribution of land cover, and combine this information indicating the level of variation in
geomorphological forms within each of the adopted land cover classes. These data were
used to create generalized characteristics of the landscape of Jelenia Góra city in terms of
topography and land cover, as shown in Figure 12.

Figure 12. Jelenia Góra city landscape characteristics map: diversity of landforms by a hexagonal
statistical region according to the largest share of an area of one of the three generalized land cover
classes or a mixed share of land cover classes (F—forests; AL—agricultural lands; U—urbanized
areas; numbers 1 to 3—the diversity of landform class number).
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The result of the characteristic analysis of the landscape of Jelenia Góra indicates
various classes of land cover in terms of the number of geomorphological forms. As shown
in Figure 13b, the urban landscape of Jelenia Góra city is characterized by the smallest
share of area among all classes of land cover. The main core of the urbanized landscape is
Jelenia Gora city center and Cieplice. These areas are additionally extended by peripheral
urbanized areas in the form of Maciejowa located in the north, and Sobieszów located
in the south. As shown in Figure 13a, urbanized areas are mostly characterized by low
landform diversity, although there is also a group of areas with medium diversity. These
areas can be found on the one hand in the vicinity of Sobieszów, but mainly on the outskirts
of the town center. As shown in Figure 13b, the forests landscape of Jelenia Góra city
is characterized by the largest share of area among all classes of land cover. The largest
concentration of forested landscape is in the southern part of the study area, although it is
also present in the areas peripheral to the urban core, especially on the side of the village of
Siedlęcin. As shown in Figure 13a, forested areas are the most geomorphologically diverse
of all land cover classes. Among the forested areas, medium landform diversity dominates,
although it is also the only group of land cover classes that has a visible proportion of
areas with high landform diversity. As shown in Figure 13b, the agricultural landscape
has an average proportion of area relative to other land cover classes. In terms of spatial
distribution, it complements urbanized and forested areas—it somehow spans over the
other classes. As shown in Figure 13a, agricultural areas are characterized by low landform
diversity. Among them, areas with little diversity are the most numerous, although areas
with medium variation of landforms also appear in some places, especially around the hills
surrounding the city center. Agricultural areas with low landform diversity are the largest
group in the area of Jelenia Góra city. There are also mixed areas in the landscape of Jelenia
Góra city. They are usually located at the junction of classes of which it represents a hybrid.
However, its area is marginal in the total study area. Both among the areas covered by
forests or agricultural lands and among urbanized areas, there are places with and without
significant diversity between landforms.

As shown in Figure 13c, except for mixed classes, which represent a marginal share of
the area, Jelenia Góra city’s most landform-diverse land cover class is forests. On average,
there are approximately four types of landforms in one hexagonal region. Next in terms of
diversity is the class of urbanized areas, where on average there are 2.8 types of landforms
per statistical region. The least geomorphologically differentiated class is agricultural areas,
where there are, on average, 2.5 types of landforms per hexagonal region.

Figure 13. Cont.
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Figure 13. (a) Magnitude of total area (ha) of hexagonal statistical regions by land cover generalized
classes and diversity of landforms classes (F—forests; AL—agricultural lands; U—urbanized areas;
numbers 1 to 3—the diversity of landforms class number); (b) total area of hexagonal statistical
regions per land cover generalized class (ha); (c) average number of types of landforms in a hexagonal
statistical region by generalized land cover class.

On the basis of the analyzed characteristic features of the Jelenia Góra city landscape
and supporting the spatial distribution of detailed information on land cover and the
distribution of landforms, the delimitation of landscape units of Jelenia Góra city was
carried out. The designated landscape units constitute geomorphologically and land cover-
distinct areas, each of which is characterized by a different landscape character. The results
are shown in Figure 14.

Figure 14. Landscape units determined from a synthesis of land cover and landforms maps
(1—“Karkonosze Mountains”; 2—“Sobieszów”; 3—“Izera Foothills”; 4—“Łomnickie hills”;
5—“Maciejowa west”; 6—“Urban core of Jelenia Góra city”; 7—“Cieplice depression west”;
8—“Cieplice depression east”; 9—“Strupice”; 10—“Maciejowa east”).



Sustainability 2021, 13, 7969 17 of 26

3.2. Assessment of the Landscape of Jelenia Góra City in Terms of the Possibility of Adopting
New Elements

Below are a number of outcome maps that show the results of each step in the scenic
absorptivity determination process. Figure 15a shows the visibility field from the adopted
cityscape observation points. This is the initial step of determining scenic absorptivity.
The next step of vectorizing the invisibility field and converting the polygon vertices into
points is shown in Figure 15b.

Figure 15. (a) Area visible from viewpoints (invisible areas are transparent); (b) result of polygoniza-
tion of the visibility raster and extraction of vertices from the polygons.

Figure 16a shows the absolute height of the upper boundary of the invisible space
from the adopted cityscape observation points. This resource, together with the absolute
height of the terrain in the non-visible areas shown in Figure 16b, provides the necessary
data for the next steps of the analysis.

Figure 16. (a) The absolute height of the upper limit of the invisible space from the viewpoints in
invisible areas; (b) the absolute height of areas not visible from the viewpoints.

By subtracting the absolute terrain height rasters from the upper boundary of the
invisible space from the assumed points, the scenic absorptivity was obtained. The result of
the analysis is shown in Figure 17a. Figure 17b shows a close-up on the central urbanized
part of the city.



Sustainability 2021, 13, 7969 18 of 26

Figure 17. (a) Scenic absorptivity of Jelenia Góra city based on digital situation model and calculated using the most
important mountain viewpoints of the Karkonosze Mountains; (b) scenic absorptivity of Jelenia Góra city based on digital
situation model and calculated using the most important mountain viewpoints of the Karkonosze Mountains—close-up on
the city.

The greatest scenic absorptivity in the study area was found in the areas of valleys
and spaces behind the hills located in the Karkonosze Foothills. The significant size of the
area invisible from the adopted viewpoints is caused by the considerable diversity among
landforms here. In the valley located on the border of the city in the south-eastern part,
the scale of scenic absorptivity is so large that it would allow objects up to 200 m high to
be placed here, which would remain invisible from the adopted viewpoints. In the other
Karkonosze Foothills valleys, the scale of the scenic absorptivity is not as large, but still
remains extremely significant, in the range between 70 m and 100 m. In the area located
closer to the city center, the western part of the Bóbr River Valley is characterized by the
greatest scenic absorptivity. This is due to the trough character of the valley that cuts
across the hills in this place. Most of the scenic absorptivity in significantly urbanized
areas comprises small spaces up to 5 m and sometimes 10 m in scale. There are, however,
zones with larger surface areas and a scale of scenic absorptivity up to 50 m, where tall
buildings could fit. Their location is determined largely by the island hills scattered within
the urbanized part of the city, particularly in the peripheral areas of the main city core.

The scenic absorptivity of Jelenia Góra city based on the digital elevation model is
shown in Figure 18a. The overall spatial distribution of most notable areas did not change
significantly compared to the results of the analysis performed using the DSM. On the other
hand, all the small scenic absorptivity areas obtained from land cover elements, mainly
buildings, disappeared. Figure 18b shows the absolute change in the scenic absorptivity
scale after considering the land cover for the analysis.

The greatest changes in the magnitude of the scenic absorptivity scale in the research
area are visible in the Karkonosze Foothills and the western Bóbr River Valley. These are
changes due to the inclusion of forest areas within the model in mountains and hills.
This indicates the highly notable impact of mountain forest cover on the scenic absorptivity
of the region. Generally, all land cover features have a significant impact on the scenic
absorptivity value of the area. The greater the number of elements, such as high forest
walls or dense tall buildings, the greater the number of new elements that can be added to
a landscape.
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Figure 18. (a) Scenic absorptivity of Jelenia Góra city based on digital elevation model; (b) the difference in scenic
absorptivity as a result of subtracting the rate without land cover elements from the rate with land cover entities.

The results of overlaying scenic absorptivity on the map of the development directions
contained in the study of conditions and directions of land development of Jelenia Góra
city are shown in Figure 19.

In the system of spatial planning in Poland, there are rules regarding the possibility
of carrying out residential development based on the issuance of a building permit. This
permit is issued on the basis of a document called the land development plan, which in
turn must be consistent with the document called the study of conditions and directions of
land development. Such an arrangement, at least in theory, ensures that the regulations
set forth in the study of conditions and directions of land development regarding, for
example, the development of housing, will be enforced. Among the key factors that
can rapidly contribute to the degradation of the natural landscape is development. This
arrangement causes planning documents, such as the study of conditions and directions of
land development, to have a pivotal influence on landscape transformation.

In the city space, the most significant areas of scenic absorptivity are located in areas
designated for greenery or agricultural use, particularly in the southern part of the area.
It is understandable that due to numerous forms of nature protection in this place and
difficulties in construction investments related to the land configuration, no development
will be built in these areas. Similarly, in the western part of the Bóbr River Valley, the
hills that the river crosses at this location effectively prevent development, due to the
high number of slopes. The most favorable locations for development within the city area
are located in the flattened central belt. Here, between agricultural lands, the document
(study of conditions and directions of land development) enables residential development.
As shown in Figure 19, there are several areas designated for residential development, the
realization of which would not adversely affect the local landscape. Figure 19a indicates a
group of areas of significant scenic absorptivity, reaching above 50 m, which are located
partially in single-family and multi-family residential areas. In areas of this kind, it would
be possible to realize high buildings that would not affect the landscape values of the
city perceived from the Karkonosze Mountains. Scenic absorptivity at this location is
provided by the Sołtysia Hill. Figure 19b indicates areas of high scenic absorptivity,
provided by elevated lands, located in both single-family residential and commercial
areas. This arrangement indicates that in these service areas, it would be possible to build,
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for example, a large shopping mall, which would not affect the value of the landscape
observed from the Karkonosze Mountains. In the vicinity of Maciejowa (Figure 19c,d),
there are zones of significant scenic absorptivity located in the areas designated in the
document for residential and service functions. Such an arrangement, together with the
close proximity of an important communication artery, makes it possible to locate, for
example, a group of high-rise office buildings that would not adversely affect the local
landscape. Similarly, in the case of Goduszyn (Figure 19e), the area in which the document
assumes the development of residential and service lands, there are areas of significant
scenic absorptivity. Here, they are also determined by the location of local elevations in
the form of Komorzyca and Skalica Hills. Figure 19f shows areas of scenic absorptivity
of considerable height, which are located in the areas designated in the document for
industry. Such a situation would allow us to locate a warehouse or another hall in this
place, which would not have a negative impact on the landscape of Jelenia Góra city. There
are many more examples of this type, resulting from the spatial distribution of scenic
absorptivity together with the distribution of land use types included in the document.
Only a few areas have been indicated in order to show the wide possibilities of using
scenic absorptivity in the study of landscape threats posed by spatial planning documents.
Unfortunately, in Jelenia Góra city, most of the areas intended for development are located
outside the scenic absorptivity areas, which, if invested in, in accordance with the intended
purpose, can have a negative impact on the landscape of Jelenia Góra city perceived from
the Karkonosze Mountains.

Figure 19. Cont.
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Figure 19. Results of overlaying scenic absorptivity on areas designated for development in the
map of the development directions contained in the study of conditions and directions of land
development of Jelenia Góra city, by area: (a) near the village of Staniszów; (b) near Kościuszki Hill;
(c) Grabary; (d) Maciejowa; (e) Goduszyn; (f) near Jana Sobieskiego street.

4. Discussion
4.1. The Character of the Landscape and the Influence of Relief and Land Cover on the Spatial
Distribution of Landscape Units of Jelenia Góra City

In recent years, the TPI is commonly used in geomorphology to classify
landforms [34,35,38–42]. In this paper, landforms analysis was used as a factor indicating
the character of the city landscape. Another factor that was considered was the spatial
distribution of areas with different land cover based on Urban Atlas spatial data. Com-
bining these methods to describe landscape character has not been attempted previously,
so the proposed method fills a gap in the research using geomorphological information
in landscape studies. In the past, attempts have been made to objectify the description of
landscape character [22]. The research methods indicated in this article are supplementary
to these attempts, as they allow us to generate a landform map automatically, using only
altitude information.

An issue that requires special attention in the Point Bonitation Method is the appro-
priate selection of attributes used during the valorization process [43]. The most common
factors used in this method include land elevation assessment [44], forest shoreline length
assessment, surface water shoreline length assessment [45], land cover type and its diver-
sity [46–49], and specific anthropogenic objects not included in any land cover type [50].
No attempt has been made to date to include information on the diversity of landforms
based on the TPI in the landscape criteria of the Point Bonitation method.

4.2. The Capacity to Accept New Elements into the Landscape of Jelenia Góra City without Losing
Its Value and the Impact of Land Cover Features on This Ability

The pioneering publication on landscape absorptive capacity studies was proposed
by Jacobs and Way in 1969. The authors developed criteria for evaluating the ability of a
landscape to absorb different levels and types of changes resulting from development by
analyzing landform, land cover, and visibility and defining landscape absorptivity as the
visual absorption capacity (VAC) factor [51]. The next step in developing the landscape
absorptivity method was to define VAC as the ability of a landscape to accept changes in
development without visibly affecting its character, and to examine the influence of land-
scape elements and features on this factor [52]. The results of the study found that slope,
landscape complexity, soil color, and type and height of vegetation had the greatest impact
on VAC, which was then used to illustrate the ability of the landscape to absorb change
by three categories: high, medium, and low [52]. This research has been previously used
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for forest landscape studies. An analysis of the impact of transportation system expansion
on landscape quality is considered to be the first attempt to use the developed assessment
method for other purposes [53]. The following years saw a significant development in the
VAC method. In 1979, two approaches to its use were proposed. The first one consisted
of defining three groups of factors influencing the value of the index—biophysical factors
(e.g., slope, vegetation variation, and soil color variation), perceptual factors (e.g., observer’s
position and distance), and factors connected with the type and surface of the assessed
element. The VAC index was derived by summing the point values awarded for selected
factors [54]. The second approach identified a factor affecting the ability of a development
to hide in the landscape, in terms of the degree of visual penetration of the area observed
from the adopted point, which is influenced by topographic conditions, vegetation cover,
complexity of landscape composition, variation in color, and other landscape forms. The
result was supposed to indicate the possibility of hiding the planned element in green
structures [55]. In the 1990s, landscape capacity studies were undertaken as part of the
Landscape Character Assessment—the basis for landscape management in the United
Kingdom and Scotland. In 2002, the Landscape Character Assessment—Guidelines for The
United Kingdom and Scotland was produced, which defined landscape capacity in one
of its appendices as the degree to which a landscape type is able to accommodate change
without significantly affecting its character [56]. In this case, the process of determining
landscape capacity was significantly expanded. It was indicated that the process of as-
sessing landscape capacity is based on an analysis of natural, cultural, and visual factors.
The value of landscape capacity was determined using a matrix of values divided into
three categories: high, medium, and low. The result was a compilation of the landscape
sensitivity and value assessment conducted earlier.

In subsequent years, the topic of landscape absorptive capacity was also approached
in the context of visual aspects alone, ignoring soil properties, vegetation regeneration
potential, vegetation diversity, and slope relative to the view. Such a perspective on
the problem was presented by Ozimek, who based it on DTM data and visibility field
analyses [57]. The main change in our approach was to generate an upper bound for
the invisible space from the assumed viewpoints based on the TIN model. This change
allowed us to accurately determine the height of the invisible space relative to the terrain.
Another development of the method was to analyze the influence of land cover elements
on scenic absorptivity.

Considering previous methods of landscape absorptivity studies, the results presented
in this article show the great improvement in GIS tools and the increasing availability of
geomorphometric data. The accuracy and completeness of the DTM data also ensure the
objectivity of the results. Analyses of the DTM data in the GIS environment allow us to
study areas of any size, taking into account any number of observation points in the context
of the possibility of adopting new elements without losing the value of the landscape.
Theoretically, the method indicated in this paper allows, first of all, a very fast and efficient
scenic absorptivity analysis for any large area and any number of viewpoints, thanks to
DTM data. Therefore, it can be concluded that the presented method is an important
development of research in landscape capacity and the influence of land cover elements on
the landscape.

4.3. Usefulness of DTM Data in Landscape Researches

The compiled research demonstrates the great applicability of the GIS environment
and geomorphometric data in landscape research. This article presents new methods for the
use of DTM data in landscape research, which develop, improve, and provide a different
perspective on the methods undertaken to date. Both in the case of scenic absorptivity
analysis and character of the landscape analysis, the terrain model with 1 m resolution
allowed us to obtain sufficiently detailed results for landscape studies at the urban scale.
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4.4. Further Research Directions

Both the scenic absorptivity analysis as well as the landscape characterization analysis
with a focus on the diversity of landforms are among the many analytical applications of
DTM data. In practice, there are many research and application fields where these data and
the analyses performed in this article can be used. These include, in particular, elements
directly based on the methods described:

• Assessment of landscape unit dissimilarity based on the method of describing land-
scape characteristics and the diversity of landforms and land cover classes;

• Determination of landscape type models based on the method of describing landscape
characteristics based on the diversity of landforms and land cover classes;

• Supporting the processes of aesthetic value assessment and landscape valorization
using landscape characterization analysis based on the diversity of landforms;

• Studies of landscape change based on changes in the scenic absorptivity, using DSM
data from different time periods;

• Scenic absorptivity studies for different types of landscape, particularly in the distri-
bution of the natural and transformed landscapes;

• Studies of the maximum volume of buildings that would not degrade the mountain
landscape, based on scenic absorptivity volume;

• Support studies of the conservation and threat status of landscapes using the scenic
absorptivity method.

5. Conclusions

This paper proposes two methods for using DTM data in landscape research. The first
was to identify a set of components of the Jelenia Góra city landscape character on the
basis of the topographic position index and the spatial distribution of land cover, while the
second was to use DEM and DSM data to assess the landscape of Jelenia Góra city in terms
of the possibility of adopting new elements, using methods to evaluate visual aspects of
scenic absorptivity. The analyses carried out allowed us to obtain results that helped to
find answers to the research questions posed.

1. The landscape of Jelenia Góra city consists mainly of forest areas with a consider-
able diversity of landforms, as well as agricultural areas with low geomorphological
diversity and urbanized areas also mostly with low diversity in terms of variety
of landforms. Forested areas are the most geomorphologically diverse, followed
by urbanized areas and agricultural lands. In the three studied land cover groups,
only forested areas are characterized by the domination of areas with medium land-
form diversity. Agricultural lands and urbanized areas are dominated by low land-
form diversity.

2. Based on synthesizing the spatial distribution of land cover and the diversity of land-
forms, 10 spatial units distinct from these factors were identified. In the assessment of
these two factors, it was observed that this allows us to clearly define the boundaries
of homogeneous areas. On the basis of these two factors only, it was possible to
distinguish, among others, the Karkonosze Mountains, Izera Foothills, Łomnickie
hills, Cieplice depression, Maciejowa, and the urban core of Jelenia Góra city. Within
areas that are homogeneous in terms of relief, the inclusion of land cover brought out
further landscape variations. Similarly, in the case of areas homogeneous in terms of
land cover, landform diversity made it possible to indicate differences in the character
of these areas. Taking into account and combining these two factors allowed not only
the delimitation of landscape units included in the study of conditions and directions
of land development of Jelenia Góra city, but also its more precise division.

3. The results of the assessment of the landscape of Jelenia Góra city in terms of the
possibility of adopting new elements presented in this article show that there are areas
within the city that are able to accept new buildings without losing the value of the
landscape. However, most areas of the city are visible from adopted landscape vantage
points, indicating that areas lacking scenic absorptivity outweigh areas capable of



Sustainability 2021, 13, 7969 24 of 26

accepting new elements into the landscape. The identified areas of scenic absorptivity
are mostly determined by the location of the terrain elevations. In the mountainous
southern area, these are valley areas, while in the urbanized area, these are areas
located north of the hills.

4. It has been proven that there are areas of scenic absorptivity in the research area,
which are also provided for the development in the study of conditions and directions
of land development. Nevertheless, most of the areas planned for development in the
document are located in visible places from important landscape observation points,
which can result in potential negative impacts on the landscape perceived from these
points. This situation indicates the existence of a threat to the landscape of Jelenia
Góra city resulting from the planned development.

5. The results of the analyses indicate a significant influence of forest areas on the scenic
absorptivity of the city, which is synonymous with its influence on hiding landscape
changes perceived from the adopted viewpoints. This is particularly true in the areas
of hills and knolls located in the northern part of the city. This result confirms the
importance of the protection of forest sites in the area of Jelenia Góra city in the
context of the prevention of landscape degradation. Existing development does not
affect scenic absorptivity as much as forested areas. Rather, its character determines
individual areas hidden directly in the view shadow of single buildings.

6. The 1 m resolution digital terrain model data acquired for this study, consisting of
both a digital elevation model and a digital situation model, allowed us to comprehen-
sively perform the established methodological steps. In the context of the conducted
research, by using DTM data, highly accurate results were obtained. At the same time,
many opportunities for the development of the conducted research were identified,
which further emphasizes the value of these data.

Both the tools implemented in the GIS environment as well as the DTM data allow a
significantly improvement in landscape studies. With the ever-increasing computational
capabilities of computers to analyze increasingly accurate terrain data in detail, computer-
assisted landscape analysis can be developed more rapidly. The analyses conducted in
this paper, based on the accurate DTM, prove the great improvement in the context of
landscape research that these data provide.
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