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The cover of our planet is changing with time around the world. Especially it relates to settlements.
Mainly, towns and cities are expanding using adjacent areas or change their view because of new
direction of development, sometimes some settlements disappeared at all. Development of GIS-
technologies and application of remote sensing data allows to implement the analysis of current
changes and study information from archival sources. The aim of the work is to study the changes in
landscapes, boundaries of the city development and forest cover of the territories adjacent to the small
city of Khyriv, using GIS-technologies and archival cartographic data. Using the Mapinfo software
environment, the changes in the city of Khyriv for different time periods, using cartographic materials
for 1942 and 1970 were analyzed. As a result of research, we can observe that in the period from 1942
to 1970, the changes in the city of Khiriv are quite significant. There are many cases of changes of
land purpose. Thus, large areas previously used for agricultural production are being withdrawn from
circulation, the structure of arable land use and forest cover is also changing, the city has been rebuilt,
small residential houses were changed on multistory apartment buildings, and changes in
hydrographic objects are being observed. Especially it is interesting changes in Stryvigor riverbed and
could be the theme for farther studies. These changes are explained by the gradual increase in the
urban population (according to statistics, as of 1921 - 2654, and as of 1970 - 3500 inhabitants), and
the industrialization of the region (during the study period, MTS was created, plants "Equator" and
"Meridian". Until 2003, a large military unit was stationed in the city.
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Introduction

The cover of our planet is changing with time around the world. Especially it relates to settlements.
Mainly, towns and cities are expanding using adjacent areas or change their view because of new
direction of development, sometimes some settlements disappeared at all. Development of GIS-
technologies and application of remote sensing data allows to implement the analysis of current
changes and study information from archival sources. The geographical area of the study includes the
city of Khyriv (Figure 1) and its surrounding areas. It is a city in Staryi Sambir Raion, Lviv Oblast
(region) of Ukraine with a population of around 4,184 (2020 est.). It is located in the Precarpathians
on the river Stryvigor.
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Figure 1 Satellite image of city Khyriv

Khyriv was first mentioned in documents from 1374 and in 1528 it received town rights. For the
period of about 650 years the city belonged to different states, was the important railway junction,
religion centre, military object. All these factors played role in the city development. Especially,
interesting historical period was during the period before and after second world war, as there were a
lot of changes of states and governments that had significant impact.

It should be noted that the problem of study of settlements changes was considered in different years
by many Ukrainian (Chetverikov, 2013; Sevruk & Babiy, 2020) as well as scientists from other
countries. In addition, archival cartographic materials is used for monitoring the changing in
boundaries of municipal solid waste landfills (Lozynskyi, Yurkiv & Fys, 2020). In the literature there
are many examples of application of GIS-technique for the solution of these problems but mainly they
concern large city (Kin et al, 2021, Hegazy & Kaloop, 2015).

The aim of the work is to study the changes in landscapes, boundaries of the city development and
forest cover of the territories adjacent to the small city of Khyriv, using GIS-technologies and archival
cartographic data.

Method

Since the main aim of the work was study the changes of the city using archival cartographic data, the
workflow includes collection and analysis of historical information about the city Khyriv, available
cartographical data and images; preprocessing of raster data in the Mapinfo environment; creation of
vector layers for topographic maps of different periods; comparison and analysis of changes. For
farther study the old topographic maps on the territory of city Khyriv of 1970 (scale 1:100000) and
1940 (scale 1:100000) were selected and to avoid problem with the scales it was planned
generalization of compared data.
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First steps of work in Mapinfo are registration of raster data. The topographic map 1970 was
registered in Gauss-Krueger projection (coordinate systems Pulkovo 42) using coordinate crosses
(Figure 2 (left)). The map 1940 was registered using identical terrain points on the both maps (Figure
2 (right)).
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Figure 2 Results of raster maps registfation: Map 1970 (left); map 1940 (right)
The next step was creation of vector layers including hydrography (rivers and streams), railway,
buildings, roads, gardens and forest for both maps. Last stage was digitalization of all necessary data
on the topographic maps 1970 and 1940 and creation of vector data for following analysis.

Results

GIS technologies allow to process various types of data and put them in proper form useful for
comparison and analysis. Using Mapinfo software the vector layers on the territory of city Khyriv for
the old raster topographic maps 1970 and 1940 were created. They include information about
hydrography (rivers and streams), railway, buildings, roads, gardens and forest. The comparison and
analysis show that there were significant changes during the period from 1940 to 1970.

The results of changes are shown separately for different categories of land cover.
Forest cover:

Increasing the area of forests; the development of gardens; planting of new forest area (Figure 3).

Figure 3 Example of changes in forest cover. Map 1970 (left); map 1940 (right)
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Roads:

Development of new roads; changing the main intersection of the city. Railway infrastructure was not
changed.

Buildings:

Rebuilding of the second railway station; Destruction of the church; Reducing the number of one flour
residential buildings and increasing the number of apartment buildings; Development of a part with
agricultural machinery; development of two new schools for junior and senior classes; Reconstruction
of the dormitory for Jesuits into a military unit and a children's college (Figure 4).
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Figure 4 Example of changes in buildings. Map 1970 (left); map 1940 (right)

Hydrography:

The emergence of new tributaries of the river; increasing the river bed area; connection of two
tributaries through the city center; drying of swamps (Figure 5).
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Figure 5 Example of changes in hydrography. Map 1970 (left); map 1940 (right)
Conclusions

Using the Mapinfo software environment, the changes in the city of Khyriv for different time periods,
using cartographic materials for 1942 and 1970 were analyzed. As a result of research, we can
observe that in the period from 1942 to 1970, the changes in the city of Khiriv are quite significant.
There are many cases of changes of land purpose. Thus, large areas previously used for agricultural
production are being withdrawn from circulation, the structure of arable land use and forest cover is
also changing, the city has been rebuilt, small residential houses were changed on multistory
apartment buildings, and changes in hydrographic objects are being observed. Especially it is
interesting changes in Stryvigor riverbed and could be the theme for farther studies.

These changes are explained by the gradual increase in the urban population (according to statistics,
as of 1921 - 2654, and as of 1970 - 3500 inhabitants), and the industrialization of the region (during
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the study period, MTS was created, plants "Equator” and "Meridian". Until 2003, a large military unit
was stationed in the city.
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