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Subject matter of the research is considering the possibility of using satellite images to perform
physical-geographical regionalization. To analyse the spatial structure of the research site there were
used landscape metrics, calculated on the basis of a classified satellite image. The main purpose of the
research is to clarify whether physical-geographical regionalization can be performed based on the
calculated landscape metrics. The research site was divided into square-shaped sections, which were
analysed as separate landscapes, and the calculated landscape metrics for each of the squares
represented the coordinates of the analysed area in the multidimensional space of the characteristics.
Two attempts were made to make the division: at the first attempt, the analysis was based on the
already existing physical-geographical division of the research site — it was analysed whether it has an
impact on the formation of selected landscape metrics; at the second attempt it was decided to use the
object division method. As a result of the first approach, a satisfactory result was not obtained, while
as a result of the second approach clusters of points were obtained, which were interpreted as units of
physical-geographical division. By contrast with the physical-geographical division analysed in the
research, which presents individual regionalization, the resulting mosaic is an example of typological
regionalization.
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Introduction

For many years, physical-geographical regionalisation has been regarded as one of the main tasks of
physical geography. According to Armand (Armand, 1975, p. 166), regionalisation is followed by an
equally important stage of analysing relationships between components, the impact of a certain landscape
on neighbouring landscapes and the possibility of determining the use of a environmental potential. The
attempts to divide a terrain into landscape units led to the occurrence of the numerous regionalisation
patterns based on various initial assumptions and on different content-related criteria (Majchrowska, 2018).

As the first stage of a landscape analysis, regionalisation may cover vast terrains, for example, the territory
of an entire country. Taking a considerably broad area of research into consideration, a basis for
performing regionalisation may be satellite images which allow to conduct an analysis for a given territory.

As a result of the general availability of satellite images, they are one of the most important
information sources for environmental research. Such a high interest among researchers in satellite
images leads to the consolidation of this information source as one of the indispensable elements for
environmental analyses. Satellite images enable seeing into environmental processes from a different
perspective, not interacting directly with the researched object, which allows to analyse a given area
as a complex system of environmental components.

The more information sources occur, the more varied the methods of their analysis become. Such
methods include the measures and indices of various environmental phenomena and their
interrelations (Frazier & Kedron, 2017). Landscape metrics are useful in determining the functional
structure of the area under consideration and provide information based on which it is possible to
explain a spatial structure of a given object. By means of such a mathematical approach in the
landscape analysis, it can be divided into landscape units which demonstrate identical or similar
values of landscape metrics.

In the literature concerning the environmental regionalisation of a selected area under consideration
(Khmelnytskyi oblast), there are various patterns of its physical-geographical division. Due to the
various reasons for conducting the regionalisation process, literature provides a lot of variants of the
regionalisation of the same territory which are based on various initial assumptions and on different
methods for dividing the area under consideration into physical-geographical units.

In the area of the selected oblast there is a change in environmental zones; whereas, the borders and
the number of zones differ depending on the author of the conducted research. For the area of
Ukraine, there are plenty of the varied patterns of physical-geographical divisions; nevertheless, the
sources available concerning this topic do not include anything where regionalisation would be
conducted based on satellite images. Hence, such a research subject was undertaken — an attempt to
analyse the area from a different perspective, abandoning the traditional methods of physical-
geographical division.

It was decided to attempt to perform the regionalisation of the area under consideration in the research
by means of satellite images as a main source of information, and landscape metrics as a main tool for
analysing the obtained information. Answers to the following questions were searched for in the
research: is it possible to perform the physical-geographical division based on the calculated
landscape metrics? Will the division obtained correlate somehow with the existing division made by a
traditional method?

Method and Data

Two research variants were conducted. The first research variant was based on the following source
data:
e The physical-geographical division of Khmelnytskyi oblast was performed by Herenchuk
(1980);
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o the classified mosaic of satellite images covering a given area (satellite images from Landsat 8
mission);
o the grid of squares dividing the area under research into territories 4x4 km and 8x8 km.

This research variant consisted in analysing whether by means of the selected landscape metrics it is
possible to obtain division which would resemble the physical-geographical division made by
Herenchuk (1980).

For each of the selected units three landscape metrics were calculated. Interspersion & Juxtaposition Index
(131 and Splitting index (SPLIT) which belongs to the aggregation metrics, and Shannon’s Diversity Index
(SHDI) which belongs to the group of metrics researching landscape diversity (McGarigal, 2015,
p.155,161,167).

The obtained values, characterising these units, were used as pattern values. Another step was creating
a grid of squares with a side of 4 km. Then, on the basis of the same landscape metrics, there was an
analysis carried out for each area 4 x 4 km, limited by a grid size. The obtained values of landscape
metrics for the respective grid sizes represent a given area as a point in a multi-dimensional space.
Then, the obtained cloud of points was divided into groups by means of the shortest Euclidean
distance to model points. The entire sequence was repeated for the grid of squares with a side of 8 km.

In the second research variant the analysis of the physical-geographical structures was carried out
based on other initial assumptions. In this case, model units were not taken into consideration, yet the
researched basic fields were divided based on the division algorithm of the cloud with points which
are points in the n-dimensional space of characteristics. An attempt of conducting regionalisation was
based on the diversification of terrain coverage forms and on the percentage share of each type of
coverage in a respective referential field.

In this case, the source data were the already classified mosaic of satellite images and grid of squares
8 x 8 km. In the beginning, an input table was prepared, in which for each area of 8 x 8 km there are
nine values calculated by means of the FRAGSTATS (three landscape metrics and the share of six
respective classes in the researched area) software.

A table with objects and features describing them were imported to the numerical Taksonomia
programme (Kolenda, 2006, CD). The analysis of the similarity of all the features simultaneously was
conducted with the use of a geometrical approach, namely — a measure of the Euclidean distance
between points in a multidimensional space. A fundamental difference in relation to the first variant
of research consists in the fact that in this approach distances are calculated for each pair of analysed
objects, as opposed to the first approach in which distances were calculated to model points which
were the values of the calculated landscape metrics for the division units by Herenchuk (1980).

Results

After conducting the first research variant, a satisfactory result for the grid of squares 4x4 km and for
the grid 8x8 km was not obtained. The obtained results were extremely mosaic and resembled the
division of a researched area into the physical-geographical classification accepted as the model
classification only to a limited degree (Figure 1).

The classification provided for, so called, model points in a three-dimensional space with coordinates
in the form of three values of the calculated landscape metrics for each unit of the physical-
geographical division by Herenchuk (1980). Nevertheless, as in the case of the basic field with a side
of 4 km (Figure 1 a.), also in the case of the basic field of 8 km (Figure 1 b.), it was not possible to
obtain a mosaic showing the concentration of points which could present the units of physical-
geographical regionalisation.

On the one hand, this can be explained with an excessively close location of model points in space. On the
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other hand, a reason for an unsuccessful result may be the lack of considering the share of terrain coverage
classes in each basic field in the division into concentrations. This means that an attempt to perform
regionalisation was based only on the indices for landscape configuration, and landscape composition
indices, which in this case make a given area unique, together with the configuration index, were skipped.
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Figure 1. Mosaic obtained from the analysis a) basic field 4 x4 km; b) basic field 8 <8 km. Source:
own elaboration.

In order to level the impact of the first and second reason for an unsuccessful result, the initial assumptions
were different in the second variant. After conducting the second research variant, a mosaic was obtained
(Figure 2), with noticeable concentrations of points which may be regarded as related to the units of the
physical-geographical division. Nevertheless, it is clear that this is not an individual regionalisation whose
basic dissimilarity is the uniqueness of units in space and combining only territories adjacent to each other
into one region. The resultant mosaic resembles more the typological regionalisation where one landscape
type may be encountered in various parts of the researched area. (Figure. 2).
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Figure 2. a) Mosaic obtained after the analysis according to the second method (basic field 8 <8 km).
b) The resultant map of the typological regionalisation of Khmelnytskyi oblast after the subjective
selection of the border line between regions and after the manual change of the structure and
generalisation of borders of the allocated units, for which the algorithm was applied which is
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generally used for the transformation of raster data to vector data. Source: own elaboration.
Conclusions

On the basis of the calculated landscape metrics the division of Khmelnytskyi oblast into physical-
geographical units was obtained. It is worth underlining that the units obtained as a result of the
conducted research may change in the event of using different landscape metrics. With the use of
landscape indices for environmental regionalisation, the analysis is conducted from a detail to totality,
therefore it is an example of an inductive research methodology.

In order to explain better the cause-and-effect relationships in a similar analysis aerial photo may
become useful based on which more details of the analysed area may be recognised. As far as
landscape metrics are concerned it must be emphasised that in order to obtain comprehensive
physical-geographical regionalisation it is necessary to use both metrics analysing the landscape
composition and its configuration. The research conducted demonstrate that when only one group of
metrics is used the result is not satisfactory. In the event of an in-depth analysis, it is also possible to
look into the area on the basis of a considerably broader list of landscape metrics and after their
calculation, to check to what extent they correlate with each other and select only those which
complement each other and describe the area within the scope under consideration.
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