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Abstract: Landscape identification forms a base for landscape management and sustainable land use
policy. According to the European Landscape Convention, each Member State needs to recognize
the landscapes as an essential component of people’s surroundings. Poland developed a method for
landscape auditing that will be conducted for landscapes in the whole country. The identification
of landscape units is based on landscape type characteristics and spatial data that is layered and
analyzed in order to identify landscape units. In this paper, we aim to test the possibilities of automatic
landscape identification. We take the assumptions designed for landscape identification for the
needs of the audit. Based on the “Typology of Poland’s current landscapes”, we design a process to
identify landscape units with the use of the aggregation of land cover data and multivariable analysis.
We use tools in an ArcGIS environment to design a process that will support human perception.
Our approach is compared with the approach presented in the method designed for a landscape
audit in order to be used for landscape unit identification at the municipal level. The case study area
is the municipality of Siechnice within the suburban area of the city of Wrocław, an example of a
changing landscape under suburbanization pressure. We conclude that both approaches can support
each other in the landscape identification process.

Keywords: landscape unit; landscape identification; landscape management; GIS tools; European
Landscape Convention; suburban area; suburbanization pressure; landscape audit

1. Introduction

The idea of recognizing landscapes was born before the European Landscape Convention (ELC).
The concept of a landscape unit (“land unit”) as the basic landscape system was explained by
Zonneveld [1]. A land unit is a homogenous tract of land in terms of climate, terrain (geomorphology
and soils), and vegetation, according to the associated scale. This approach was used widely in
landscape ecology [2,3] and planning [4,5]. The use of this concept in a landscape character assessment
in different European countries was widely described by Wascher [6]. One of the first was landscape
delimitation in Estonia by Granö [7]. He identified 22 districts based on homogeneous regions
identified by cartographic methods with the use of orthographical, hydrographical, administrative,
and anthropo-geographical borderlines that covered the entire country. After adopting ELC [8], a lot of
attention was drawn to recognizing landscapes. One of the typologies designed after 2000 was the
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Czech typology of landscapes based on natural features, socioeconomic conditions, and cultural objects
and was developed by Low et al. in 2005 [9]. The landscape in Slovakia was illustrated by the map
based on identifying complex, synthetic natural landscape units and with an emphasis on possible
natural vegetation, called potential geosystems [10]. Other examples are the Natural Character Areas
developed for England based on wildlife, natural features, and land use distributions, which consist of
a set of 159 profiles [11]. Different typologies consider particular landscape elements (cultural and
natural) and serve different purposes. Pioneering work dividing Poland into physicogeographical
macro and meso regions by Kondracki [12] was used in landscape research. His work, characterized
by a geographical approach, became a base for further landscape assessment. One of them was
the architectural-landscape units by Bogdanowski [13], who analyzed cultural landscapes based on
landform and land cover for the whole country.

1.1. Historical Context of Polish Landscape Character

Palang et al. [14] outlined that there was a difference between the way the landscapes of Western,
Central, and Eastern European countries were shaped. He explained that the central part of Europe
experienced three rapid turnovers that strongly influenced the landscape and did not give a chance
to create visible patterns that reflect historic development. Firstly, imperial landscapes happened
prior to 1918 when the Russian Empire was at its peak, followed by the emergence of national
states and the increase of nationalist values. During the second period, post-World War II brought
socialist values, scenery, and practices. Examples of those changes that had a direct influence on the
agricultural landscape might be the case of Polish private farms that were transformed into state farms
(pl. Państwowe Gospodarstwo Rolne). It was formed of socialist land ownership in 1949–1993 that
also caused land consolidation. The third phase—the 1990’s—brought the return to the West and a
rapid decline of agricultural practices. The capitalist economy brought the most rapid changes that
nowadays influence the landscape significantly. In the suburban area of Wrocław, it is reflected by huge
shopping mall areas (commercial areas) with daily family facilities (cinema, gym, and restaurants),
magazines and buildings with logistic function, communication areas (communication knots), industry,
and new residential settlements. The fourth phase can be identified after 2004 when Poland joined
the European Union [15]. In the period of 2004–2014, the main landscape changes were the loss of
agricultural land and the increase of residential areas [16,17]. Dealing with the process of urbanization
and industrialization made Poland join the realities of Western Europe countries [18]. Another aspect
clearly visible in the public space is commercialization, as Poland had no regulation considering
advertisement until the so-called “Landscape Act” [19]. This act was issued as the effect of Poland
signing the ELC in 2004. It took over ten years to make the legal changes and, as it is included
in the ELC, to start the process of auditing landscapes. Landscape audits will be conducted at the
regional level (scale 1:50,000) and will cover the whole country [20]. Although, for a country that
did not have a landscape character assessment [6], it was a great step. Land use policy is legally
expressed by Local Development Plans at the municipality level. Therefore, this is necessary to
recognize and manage landscape at the local level [21,22]. There is a need to understand the gap
between central strategies for landscape and management policies on the local level [23]. The topic
of landscape management and urban pressure [24,25] as well as the influence of spatial policy on
landscape at the municipality level has been recognized in the literature [26–28]. The strong relationship
between landscape and land use policy is also related to the river basin management plans and Water
Framework Directive [29]. The municipality of Wrocław and some of its suburban municipalities
(Siechnice, Czernica, Miękinia, and Oborniki Śląskie) are located in the basin of the Odra river, which
influences the visual and structural character of the landscape and needs to be considered in the Local
Development Plans [30–32].
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1.2. Research Context and Aim of the Study

As the result of ratifying the ELC by Poland, the act on 24 April 2015 that amended certain acts in
connection with the strengthening of landscape protection tools [19] was adopted. The tool that is
used to identify landscape types across the country is a landscape audit. The methodology to identify
landscapes [20] is based on Chmielewski et al. [33] called the Typology of Poland’s current landscapes,
which assumes that landscape typological maps with respect to certain generalization present similar
but distributed territorial units repeating themselves in time and space. It divides Polish landscapes
into three groups depending on anthropogenic transformation that breaks down into 15 types and
49 sub types based on land cover, landscape structure, and function (Table 1). To identify the borders
of different landscape types and sub types, the criteria of “landscape background” is used. Landscape
background is understood as a structural element (or group of similar types of structural elements),
is highlighted due to its coverage of the dominant surface within the landscape, is common for all
the farthest points of the border landscape, or is the background of most of the other elements of the
spatial landscape [33].

Table 1. Groups and types of Poland’s current landscapes by Chmielewski and others (2015).

Group Type

A. Natural landscapes of cultural (usually extensive) use, functioning mainly as a result
of natural processes, modified by human activity only in varying degrees

1. Surface water

2. Marshy-meadow-mostly
treeless

3. Forest

4. Non-forest, masonry,
sandy and rocky

5. Mountain over forest
border

B. Natural and cultural landscapes, formed as a result of the joint action of natural
processes and the conscious modification of land cover and spatial structures by man

6. Agricultural

7. Mosaic

8. Suburban and residential

C. Cultural landscapes, formed as a result of conscious modification of land cover and
spatial structures by man

9. Provincial

10. Urban

11. Water-economic

12. Industrial

13. Mining

14. Communication

15. Ludic

So far, research has focused on developing a method for landscape recognition and valuation
on regional scale [20]. This method has been recently tested in urban areas [34] and metropolitan
regions [35]. The key map of cultural landscapes on the national level was developed by Plit [36],
and it is called the “Historical-cultural regionalization of Poland”. It adopts a three-level division of
the country into regions with different historical backgrounds, represents the incomparability of the
landscapes, and represents landscape division maps [9].

The landscape identification process designed for a landscape audit is based on a “top-down”
approach. The basis for the delimitation of higher delimitation levels is the division into
physicogeographical regions of J. Kondracki [37], and lower levels are the local structure and
texture of land cover forms. As a consequence, the starting point is the regional order, hierarchically
systematized. The actual division is described by physicogeographical mesoregions, which are too
general for landscape classification. The first stage of the landscape identification process is the
delimitation of microregions based on the basis of abiotic criteria (including geological and lithological,
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geomorphological, and hypsometric differentiation). Within microregions, landscape types are
identified based on land cover forms (landscape structure and texture). The database of topographic
objects (scale 1: 10,000) is the main land cover data source suggested for the identification of landscape
types by the authors of the landscape audit methodology in Poland [20]. We believe that, at this stage,
the automatization process can be applied in order to objectify the process of landscape identification
which has a subjective character and is based on expert knowledge.

Landscape recognition and valuation is a time-consuming process that needs to be done by experts
(spatial planners and landscape architects). However, it is known that the landscape identification
process depends mostly on expert knowledge, and GIS tools can be used only as a support [33];
in this paper, we aim to recognize for which particular landscape types the use of spatial data and
an automatic process will be especially useful to improve landscape identification. We design an
automatic landscape identification method based on the recommendations for the landscape audit
with the use of easily available spatial data that can be used by planners and decision-makers. In the
following section, we briefly describe the case study area, the data, and the design of the automatic
landscape identification method. The section Results presents the effectiveness of our method and at
what stage it can be helpful in the landscape identification process. We compare the results achieved
with the use of the landscape identification method designed for a landscape audit and with the use
of automatized process. In the section Discussion, the pros and cons of the described method are
presented. In the last section, we draw the conclusions about the landscape identification process and
on what stage and degree it can became automatic.

2. Materials and Methods

The case study area is the municipality of Siechnice located within the suburban area of the
city of Wrocław in the Lower Silesia Region, Poland (Figure 1). Dynamic land cover changes and
suburbanization pressure make the municipality of Siechnice favorable for investigation. In the
urban-rural fringe spatial changes are rapid, and the landscape is changing its character especially
since the area consists mainly of agricultural land, which is easier to transform into new functions
than, for example, forest or wetlands. The character of housing areas is challenging to assess as the
structure of traditional villages is now strongly influenced by the residential architecture.

The municipality of Siechnice (98.57 km2) is located within Wrocław County in Lower Silesian
Voivodeship, in southwestern Poland. The seat of the municipality is the town of Siechnice located
in the central part. The municipality borders Wrocław from the northwest. The northeastern part of
the commune, bounded by the Odra and Oława Rivers, is forested with wetlands and covered by
the Natura 2000 sites (PLH020017, PLB020002). The remaining part of the commune is agricultural.
Due to the closeness to the city of Wrocław and the presence of a railway station, the municipality is
rapidly developing. Many villages have residential character because of the new suburban housing.
Before 2009, gmina Siechnice was named Święta Katarzyna, and just in 1997, Siechnice received the
city charter. In 2008, a public consultation was conducted to decide on moving the seat of government
to the town of Siechnice and on simultaneously changing the name of the municipality. Those two
settlements remained closely related and spatially connected, opening the discussion about differences
between a provincial and residential landscape character.

The case study area is located within 5 mesoregions [37]: Trzebnickie Hills, Oleśnicka Plain,
Wrocławska Valley, Wrocławska Plain, and Strzegomskie Hills. According to the historic-cultural
regionalization of Poland, the case study area is located in the northwest district, the region of Lower
Silesia and part of Łużyce, and Land of Wrocław (ID7) [36].
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Figure 1. The case study area in the context of the Lower Silesia Region in Poland.

2.1. Data

We use a topographic map, an ortophotomap, an administrative position, and a numerical model
of the terrain to provide general information about the case study area. The database of topographic
objects provides detailed information about the land cover and function. Cadastral data and a map of
functional fields are valuable, especially for the identification of agricultural landscapes. A forest map is
used to identify the habitats characteristic for forest landscapes. We use the data sources recommended
for a landscape audit (Table 2). The spatial data used in this study is free (generally or for the research
purposes) and easily accessible to ensure the minimization of the costs associated with acquiring data,
thus limiting the process of preparing data for modeling to a minimum and increasing the ease of
use. The analysis is performed with the use of GIS software that is also accessible in a free version
(e.g., QGIS). In the case study area, the following landscape types are located: marshy-meadow-mostly
treeless, forest, agricultural, suburban and residential, and provincial. The types of data used to
identify each landscape type and data sources are presented in Table 3.

Provincial and mosaic landscape types are the exceptions and cannot be identified with the use
of automatic method. The provincial landscape is characterized by having a central place (usually a
market square with a city hall) and different kind of housing (block of flats, single family housing,
and multifamily housing). There is a large choice of services and buildings and areas with different
functions (e.g., small industry, magazines, education services, physical culture, medical facilities, hotels,
church, town hall, and municipality office). The town is connected with other towns and villages with
public communication—buses or trains.

The criteria for identification could be the contribution of service buildings in all buildings in the
landscape unit as there are more service buildings in town than in villages and suburban residential
areas. For this area of consideration, it was the highest score in the case study area (11%). As there are
no small town in this municipality to compare, it is impossible to set the minimum value of service
buildings for criterion. There are also no spatial data available about characteristic structural elements,
e.g., market square or city hall.

A mosaic type of landscape by definition consists of different land use types and landscape
structures. The identification of this landscape type requires further research on the sharing of different
land uses in one landscape unit.
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Table 2. Data source for landscape identification (based on Solon et al. 2015).

Data Scale Source Type Costs and
Availability

Graphical
Representation

Topographic map 1:25,000 Geoportal raster free for research
purposes
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Table 3. Data sources for landscape type identification with the use of aggregation.

Code Type Type of Data Data Source

A2 Marshy-meadow-mostly
treeless

Code C (grassland) from Map of functional fields
Agency for Restructuring

and Modernization of
Agriculture

Code OIMK (marsh), OISZ (rashes) from
Database of topographic objects

Central Office of
Geodesy and
Cartography

A3 Forest Forest map
Office for forest

management and
geodesy

B6 Agricultural

Code PTTR (grassy vegetation and cultivation on
agricultural land), PTWP (surface water),

PTUT03 (orchard) from Database of topographic
objects

Central Office of
Geodesy and
Cartography

B8 Suburban and residential

Code BUBD01-06 (one family housing, two
family housing, three or more family housing,

buildings of collective residence, hotels,
buildings with tourist functions, others), BUBD18

(rural housing), KUZA (monumental-historic
complex) from Database of topographic objects

Central Office of
Geodesy and
Cartography

Cadastral data

C9 Provincial

Code BUBD01-06 (one family housing, two
family housing, three or more family housing,

buildings of collective residence, hotels,
buildings with tourist functions, others),

BUBD07-17 (services), BUBD19 (religious
function), BUBD20 (monuments) from Database

of topographic objects

Central Office of
Geodesy and
Cartography

2.2. Methods

First, we identify landscape types manually based on the method designed for a landscape
audit [33] with the use of spatial data and expert knowledge. We use the results of manual
identification as a reference point to design an automatic process with the use of GIS software.
Manual identification of landscape types is based on applying information layers and follows the
instruction and recommendations for a landscape audit to identify landscape types [20]. With the use
of the manual method, the following steps must be applied:

1. Collection of data sources and maps (see Table 2)
2. Identification of landscape types
3. Drawing landscape units

To use this method, the user needs knowledge on how to identify a border between landscape
types, what is the size of a landscape type unit, what will be the legal consequence of drawing landscape
units, and what is the use of landscape identification for local planning purposes. Those identification
criteria are the basics to creating an automatic method.

2.2.1. Aggregation of Data for the Use of Identification of Landscape Types: Marshy-Meadow-Mostly
Treeless, Forest, and Agricultural

To design an automatic identification process we develop a different approach for each landscape
type: marshy-meadows-mostly treeless, forest, and agricultural. We focus on searching the criteria
for characterize landscape types that can be automatically identified. As the minimum area for a
landscape unit to be characterize, we accept 20 ha. An area smaller than this cannot create a landscape
background itself as it is not perceived by humans as a dominating surface covering in the open field.

A definition that we found helpful in landscape identification is landscape background. For the
purpose of transformation, we outlined following criteria:



Sustainability 2019, 11, 3429 8 of 19

1. dominating surface coverage;
2. appearing within the whole landscape unit (touching or creating the borders of the landscape

unit).

We translate this definition to aggregate land cover patches of the same category. Data sources are
presented in the Table 3. We present the characteristics of each landscape type below. Special attention
is given to the suburban and residential landscape type. The procedure to identify this landscape type
is explained in Section 2.2.2.

Marshy-Meadow-Mostly Treeless

The landscape background is formed by plant communities of non-forest wet and bog habitats.
There may appear surfaces of moist bushes and forests of various sizes. Small areas used for agriculture
and the settlement network should be treated as spatial elements of the landscape. This landscape
type is usually located near rivers and lakes and in depressions and valleys.

Data about marshy-meadow landscapes is organized in both sources: database of topographic
objects and map of functional fields. The database of topographic objects contains information about
grassland, and a map of functional fields contains information about marsh and rashes.

Forest

Landscape background consists of forests, temporarily deforested forest land, and forest roads
(forest land permanently unwooded—for example, water, buildings, and non-forest land in the forest
complex do not fall into the background).

Data about forests is organized by compartments in each forest district. A forest in the municipality
of Siechnice is entirely located within the Oława district and was used as an input data set. Input
data was clipped to the administrative borders of the municipality of Siechnice. Subareas of forest
within the municipality were aggregated with the use of the tool “Aggregate Polygons” with the
aggregation distance equal 200 m. It helped to join and generalize forest patches. The final step was
deleting polygons with sizes smaller than 20 ha to eliminate small patches that did not conceive the
landscape background.

Agricultural

The landscape background is land used currently for agriculture (arable land, meadows, and
pastures), in the recent past (fallow land and fallow land), or large-scale flood reservoirs for retention
and recreation. The share of other forms of land cover (forests, wasteland, and other areas outside
built-up areas) can be very variable. Usually, a village is located in the central part of the field system.
In the typical rural area, most of the houses have direct access to the agricultural land. The settlements
are located in the crossroads or along the road. The field size is bigger that in the suburban area as the
plot has also other functions, not only residential. The services are limited to the basics (e.g., shop, car
workshop, household shop, church, and primary school).

Based on the database of topographic objects, we locate the main elements of agricultural landscape:
grassy vegetation, cultivation on agricultural land, surface water, and orchards.

2.2.2. Identification with the Use of Multivariable Analysis of Suburban and Residential Landscape

In this section, we describe how we identified areas of suburban and residential housing manually
using spatial data and expert knowledge. Next, we take an attempt to create a logistic model
which learns from manual identification and automatically identifies them with the best accuracy.
Identification is made in an ArcGis environment, and a multivariable analysis of identified areas is
made in an R environment. The relations discovered in the multivariable analysis we implement back
to ArcGis to create a special tool to automatically identify areas.
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To identify suburban and residential landscape types manually, we use a database of topographic
objects. This data source gives information about location, size, and type of housing. Housing is
located in groups of different sizes and structures that can be identified by an expert as a village, city,
or suburban housing settlement. To identify the character of housing, we make an automatic model
based on assumptions and knowledge about suburban and residential housing.

As functioning of the landscape and its structure are strongly related, the location of the
municipality of Siechnice in the rural-urban fringe is reflected in the structure of housing areas. In many
cases, economically driven change in uniform landscape loses its identity. The number of people
willing to work in cities and life outside of them is growing. New housing is characterized with small,
low buildings preserving their non-city character [38]. Those settlements are also colloquially called
“the bedrooms of Wrocław”. The research shows that the degree of land-use diversity and landscape
fragmentation are positively related to the degree of urbanization, and the strongest relationship reflects
changes in residential land-use patterns [39]. The main criteria for suburban areas is contentedness
with the big city. A majority of the houses consists of single-family housing located around the road.
Suburban housing is characterized by Antrop [38] as small, low buildings with a back garden and a
non-city character. Typical suburban housing in our case study area is single-family housing with a
garden and a front yard located within the plot between 600 m2 and 2000 m2 [17]. Housing plots are
located one next to the other, with no access to agricultural land. New roads are designed parallel and
perpendicular to the main road, creating a “block” of new housing. Usually there is no central place
within the settlement and the services are strongly limited (e.g., grocery and private kindergarten) as
the residents of this area are visiting the big town on a daily basis. The landscape background consists
of residential or hotel buildings complexes surrounded by forest; intense and compact rural buildings
with a residential function; or historical, large-scale forest-water-agro-settlements (e.g., a palace and
park complex).

We identify manually 18 areas of consideration to decide their character: rural or suburban and
residential. Those sectors are analyzed in terms of structure with the use of a multivariable analysis to
identify sectors with suburban and residential housing. Those sectors are characterized with a big
variability of plots in the sector (from 20 to 3000). We use sample analysis [40] to find the proper
number of plots in a representative sector. We make over 1000 sample simulations that confirm that
the representative number of plots in a sector is 200 according to the input data. This number of plots
stabilizes the variance of the area in a sector (Figure 2). The sectors that contain a lower number of
plots then 200 cannot be automatically characterized in our case by any of the variables. We took these
plots as rural because all sectors without plots under 200 are rural according to expert opinion.

We calculate Shape Index (SI) according to the following formula:

SI = p/(4 ×
√

a) (1)

where p is the perimeter of the cadastral plot; a is the area of the cadastral plot; and SI is the Shape Index.
We separate sectors that have more than 200 plots, and according to the character of sectors

assigned by experts, we found 2 parameters that can be used for analysis due to their variety (Figure 3).
Setting the percentage of the area of agricultural buildings in relation to the plot area at 2.6%, we get
75% of the samples of rural character above that barrier and almost 75% of the samples of suburban
character under 2.6%. The Shape Index equals 1.22 and divides 75% of the sectors of rural character
above and 68% of the sectors of suburban character under 1.22. It means that if we pick a plot with an
SI equal 1.23, we have a 75% chance to take a plot with a rural character and only 32% change to take
that with a suburban character.

To create our logistic model of decision about the character of sector, we use 3 predictors. As a first
predictor, we check the number of plots in a sector. If it is lower than 200, we assume that this sector has
a rural character. If the number of plots is bigger than 200, we check the conjunction of the percentage
of rural buildings on a plot above 2.6% or an SI above 1.22 as the second and third predictors. If it is
true, we say the plot is rural; otherwise, it is suburban. The third step is to characterize all sectors in
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the municipality. Because of the influence of rural plots, if they appear in a sector with a half frequency
of suburban plots, we say that the sector is rural.
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3. Results

Identification of landscape types with the use of the method for landscape audit shows that the
case study area mostly consists of agricultural landscape (73%) and forest (13%). However, small (2%)
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marshy-meadow-mostly treeless is very significant and characteristic in terms of the habitat in this
area. Five percent is provincial landscape, which consist of the town of Siechnice and is located in the
central part of the municipality; 7% is suburban and residential landscape which is located in 5 patches
and is separated from agricultural land due to dominating suburban housing settlements. With the
use of aggregation, we identified two patches of marshy-meadow landscape in the northern and
western parts of case study area. A forest landscape patch is located in the eastern part. The picture
of agricultural landscape is spread all over case study area. We identified 18 areas of consideration
within the municipality of Siechnice (Table 4). After applying a multivariable analysis, we located six
units of suburban and residential landscapes in the surrounding of the town of Siechnice and along the
border with the city of Wrocław (northwestern part of case study area). The town of Siechnice was also
identified as a suburban landscape because, with the use of the model, we were not able to distinguish
the town from residential housing area. Structural and visual differences between rural and suburban
and residential landscape types are presented on the examples of two areas of consideration in Figure 4.
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Table 4. Comparison of the results achieved with the use of the landscape audit identification method
and a multivariable analysis for the areas of consideration within the municipality of Siechnice.

No of Area of
Consideration Number of Plots Type According to Landscape

Audit Identification Method
Type According to the

Multivariable Analysis

1 53 rural rural

2 144 rural rural

3 1285 rural with residential feature suburban and residential

4 2299 provincial suburban and residential

5 408 rural suburban and residential

6 434 suburban and residential suburban and residential

7 79 rural rural

8 80 rural rural

9 132 rural rural

10 66 rural rural

11 64 rural rural

12 114 rural rural

13 52 rural rural

14 153 rural rural

15 97 rural rural

16 52 suburban and residential rural

17 424 suburban and residential suburban and residentia

18 1551 suburban and residential suburban and residentia

Data Verification

A comparison of both methods shows that an identification of landscape types with the use
of an automatic method is very effective for particular landscape types and not effective for others.
It was especially effective in identifying the types of forest, marshy-meadow-mostly treeless, and
agricultural landscape and not effective for mosaic and provincial landscapes. Very challenging was the
identification of suburban and residential landscapes. Areas identified with the use of the automatic
method were 12% bigger than the area identified with the manual method. The automatic method can
be used as a preliminary assessment because it makes the identification of suburban areas much easier
for an expert. A comparison of both methods is presented in Figure 5 and Table 5.
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Figure 5. Landscape types in the municipality of Siechnice identified with the use of two
approaches: (a) method designed for landscape audit; (b) automatic method presented in this
paper. Legend: numbering of landscape types according to typology (Chmielewski i in., 2015):
2—marshy-meadow-mostly treeless; 3—forest; 6—agricultural; 7—mosaic; 8—suburban and residential;
9—provincial. Source: own elaboration.
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Table 5. A comparison of the results of landscape types identification. Source: own elaboration.

Code Type Method for Landscape Audit Our Approach for Landscape
Identification

Area
(ha)

Number
of Units

% of Total
Area Area (ha) Number

of Units
% of Total

Area

A2 Marshy-meadow-mostly
treeless 232.05 1 2 256.71 3 3

A3 Forest 1241.87 1 13 1285.00 2 13

B6 Agricultural 7188.28 5 71 5895.53 3 60

B7 Mosaic 101,55 1 1 0 0 0

B8 Suburban and residential 802.78 5 8 1992.74 7 20

C9 Provincial 512.08 1 5 0 0 0

Not identified 0 0 0 441.70 0 4

Sum 9871.67 13 100 9871.67 15 100

4. Discussion

The identification of landscape units with the use of spatial data and GIS tools has been widely
used. Pechanes designed the process of identification of landscape potential based on topological
data of soil rating, forest types, and geobiocoene types [41]. In Poland, soil-agricultural maps (scale
1:5000) and forest maps are nationwide databases; however, the absence of geobiocoene data makes
this method unavailable.

Another approach to landscape identification data is based on aerial photos. Aerial photos are
used to identify landscape changes [15,42–45], and remote sensing is widely used to characterize
landscape structure [46,47]. Landscape photos can be easily used to identify landscape elements
visually based on pattern and shape. The difficulty in comparing aerial photos from different years
comes from the difference in quality and processing over time [48]. This method is also time-consuming.
Remote sensing technology has a great potential to deliver detailed information about landscape
structures with a high thematic and geometric accuracy [49,50]. The choice of classification algorithms
affects the result, and the evaluation of several parametric classification algorithms to assess their
accuracy on various landscapes is presented by Hubert-Moy et al. [51]. However, this method is
limited by the availability of adequate remote sensing data, in terms of spatial and temporal resolution,
and digital image analysis techniques [52]. The use of Landsat data is very effective in identifying
land cover types, land cover and landscape dynamics [53–55], and Landsat-based data [56]. However
landscape types according to Polish typology by Chmielewski et al. [33] not only is based on land
cover but also considers landscape structure and function, e.g., metropolitan landscapes include
historic urban complexes, business center, residential areas, large shopping and logistics centers and
storage facilities, large sports and recreation areas, and large necropolises. Therefore, Landsat data
can be applied in a very detailed way (information about land cover type for each pixel), yet it is
technically very challenging to distinguish historic urban complex from residential area based only
on Landsat data. In this paper, we used easily accessible data that is also free for research purposes
to make the landscape identification process easier and to become a base for further landscape and
sustainability research, e.g., analyses of landscape changes or analyses of social approach to landscape
based on landscape units. The proposed multivariable analysis helps to distinguish villages from new
development areas which affect the rural landscape in the peri-urban fringe and, according to the
adopted typology, represent different landscape types.

Landscape analysis is also done with the use of land use maps [39,40,57–61] and landscape
maps, e.g., of Czech Republic [9] and Turkey [62], also in terms of the assessment of landscape
fragmentation [63]. An advantage of this method is the comparability of landscapes and the possibility
to apply this method in different places and to receive landscape units. Landscape identification may be
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combined with other methods, e.g., the questionnaire, and may be used to find the link between farming
systems and landscape patterns [63]. Landscape models have been recently used for supporting
spatial land use decisions [64], environmental modeling [65,66], cultural value assessments [67], and
integrated value assessments [68]. The topic of transformation of peri-urban zones and changes in
agricultural landscape is being researched in many fields [69–72].

For future research, the method to identify suburban and residential landscape types should be
improved. In the urban-rural fringe suburbanization pressure affects the conversion of farmland into
new housing areas [17]. The factors that affect land use changes in the peri-urban landscape should
be outlined. The structure of new housing areas in the suburban and residential landscapes should
be studied to extend the knowledge to identify and distinguish more precisely housing areas with
rural characters from that of suburban characters, track landscape changes, and plan suburban areas
more effectively.

5. Conclusions

In our paper, we attempted to automatize the landscape identification process. Automatizing this
process can facilitate landscape identification and support landscape management in the future. Such
a process is needed because landscape changes occur very quickly and because periodic landscape
identification will serve to identify landscape changes and its driving forces and to determine the
directions for future development. This process is vulnerable to characteristics of each landscape type,
the types of data used, and the types of geospatial operations.

In this study, we examined the methods of aggregation data and multivariable analysis to identify
landscape types. We found out that the method of aggregation of land use data can be helpful
in identifying some landscape types and that a multivariable analysis is useful in the process of
identification of suburban and residential landscapes.

The results show that our approach can be useful for recognizing landscape types although it
cannot replace manual landscape identification fully. Aggregation of data was easy to use in the
case of forest and agricultural landscapes. In the case of the forest landscape, using geospatial data
and applying criteria were sufficient to identify landscape units. An agricultural landscape is more
difficult to identify as the data is very detailed, and according to the typology, rural settlements are
also included in the agricultural landscape units. Setting the exact borders of agricultural landscape
requires an investigation of the landscape architect. The identification of marshy-meadow-mostly
treeless landscape was more difficult because data about grassland, marsh, and rashes come from two
different data sources. As the data overlaps, it needs to be decided which dataset to follow in each case.

Suburban and residential landscapes can be identified with the use of a multivariable analysis.
Identification with the use of a multivariable analysis characterizes the area of consideration as whole
as rural or suburban. With the use of the manual method, one area could be divided into a village
(rural character) and suburban settlement nearby. The advantage of this method is that it also shows
the potential of the area of consideration to become a suburban settlement. Identification with the use
of a multivariable analysis gives us an 89% efficiency of proper characterization of the sector according
to the manual method. We are aware that our method, in which we assign the character of plots to
the character of the sector, is a strong generalization. In fact, plots in sectors have diverse characters,
but this approach gave important information about each parameter of the housing plots. This gave us
the grounds to our logistic model, which works well with reality.

The criteria used to identify suburban landscapes can be different for other areas depending on
the landscape character, e.g., size, shape, and number of housing plots and agricultural buildings. This
method can be applied to other areas only if the criteria will be adjusted to the landscape character
in this particular area. The parameters were determined on the basis of conditions in the Wroclaw
region. It should be pointed out that the parameters in other regions may have to be adjusted and
that, of course, the size of the sectors influences the quality of the provision, as potentially different
functions can exist on an equal footing in large sectors. The exact border of suburban and residential
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landscape units needs to be done manually. The provincial landscape cannot be identified with the use
of this method due to lack of information about characteristic landscape elements in available data.
However, it can be preliminary identified with the use of criteria used for residential landscape as it
has some common features (prevailing housing plots and buildings).

The differences in the area (see Table 5) of suburban and residential landscapes and agricultural
landscape identified with the use of both approaches may be caused by rapid landscape changes that
are not included in the reference data. The manual method gives the opportunity to notice changes
that are not actualized in the data sets.

The presented method is vulnerable to the availability and quality of data. Some of the
characteristics could not be transferred to the criteria because of a lack of data, e.g., age or height of the
building. The quality of data is also important to classify the building as residential or agricultural
(some buildings are classified as agricultural building and do not have this function, e.g., garage) or to
classify the location of the building along a main or access road (they are classified as the same class
in the available data). However, a big advantage of this method is the choice of data that is easily
accessible and mostly free of charge (or free for research purposes) which increases the availability of
the method itself.
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36. Plit, J. Przestrzenne zróżnicowanie i cechy charakterystyczne krajobrazów Polski w ujęciu
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