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Geoinformation support data analysis of monitoring studies (on

the example of air pollution)

E. Bondarenko (7aras Shevchenko National University of Kyiv, Ukraine), M. Kyryliuk (/nstitute of
Geography, NAS of Ukraine), *O. Yatsenko (Taras Shevchenko National University of Kyiv, Ukraine)

SUMMARY

The publication presents the scientific and practical result of regional mapping with the creation of a
recommended animated map of air pollution according to AQI PM 2.5. It acts as a dynamic information
environment both in terms of indicators and applied graphical variables.

Possibilities of geoinformation support of the analysis of monitoring research data are demonstrated in
the algorithm of cartographic modeling of fast-changing phenomena developed by the authors, which
consists of successive stages: choice of interpolation method; setting data interpolation parameters;
setting up a data processing environment; mapping of monitoring results; coordination of mapping
results; presentation of results.

The properties of the created map are substantiated, which distinguish it as a monitoring one and allow
it to be used as intended (the map content is based on the use of actual indicators of systematic
observations of air pollution levels; the map directly provides the modeling stage in the environmental
monitoring system; in the place of its fixation and on the whole territory of the map, makes it possible
to identify critical values of the indicator in the territory of mapping; to carry out optimization) to
improve the state of the environment as a whole and by components).
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Introduction

The results of environmental monitoring studies aimed at conducting ongoing field observations of
phenomena and processes occurring in reality, provide the necessary basis to prepare informed
decisions aimed at improving the safe living of people, the functioning of natural complexes and objects
of the economy.

The efficiency of processing the results of monitoring studies is significantly increased through the use
of modern software tools related to geographic information systems (GIS) or perform their individual
functions aimed at collecting, storing, systematizing databases (DB), editing, reclassification, issuance
of intermediate and final data and results in the form of various means of spatial representation.

It is logical and clear that the information from the GIS database is able to bring real benefits only when
applied. In this regard, each GIS (as a software tool), along with the available modules of input and
output data (results) must contain in the processing unit means to perform general functions of spatial
analysis and solving specific user problems.

These functions of GIS are combined with the term "geoinformation analysis", which is often conducted
to identify: patterns in the structure or features of the distribution of objects (phenomena, processes), as
well as their characteristics in space; the presence and type of relationships in the spatial distribution of
several classes of objects or individual characteristics; trends in the development of phenomena in space
and time; selection of options for solving the problem taking into account the spatial characteristics.
These tasks are quite comparable to the tasks of monitoring research and fully cover them. This, in
particular, will be demonstrated in the form of the proposed algorithm for analyzing the data obtained
by mapping on the basis of GIS (on the example of the Poltava region).

Method and/or Theory

In this paper, the following main research methods from the two groups existing in scientific research
are used to implement the set tasks: general scientific (methods of analysis, synthesis, analogies,
modeling) and special (mathematical modeling, geoinformation mapping).

The method of analysis was used to study the experience of monitoring research in general and using
modern software and hardware. The synthesis provided an opportunity to study the object in its entirety
and the relationship of its parts. The method of analogies allowed making knowledge of some objects
(phenomena, processes) on the basis of similarity with others. The modeling in general provided an
outline of the possibilities of replacing the research phenomenon (process) with models that contain
essential features of the original and at some point may act as a substitute. Mathematical modeling
allowed to substantiate the possibilities of reproducing the essence of the monitoring phenomenon
(process), its characteristics at different stages of manifestation, and structural certainty on the basis of
the application of mathematical calculations within the work of geographical information systems.
The practical implementation of the tasks of geoinformation analysis of monitoring data is based on the
integration of theoretical and methodological provisions of the geoinformation concept, which provides
and provides a comprehensive study of reality as a whole and its components through geoinformation
mapping as information mapping in geoinformation environment.

Examples

The thematic focus of this publication is devoted to a number of the author’s researches conducted
during the previous year, 2020, within the research project "Cartographic monitoring of the
environment".

In particular, in the work “Interactive map of the nature reserve fund of Ukraine in the Poltava region
as an the innovative measure of environmental monitoring” (Bondarenko and Kyryliuk, 2020) proved
the effectiveness of the cartographic method and electronic thematic interactive maps, which act as
dynamic information and cartographic system for environmental monitoring with a number of important
tasks of strategic and tactical nature.

In the work “Cartographic support of the Results of Geoinformation monitoring of the Environment”
(Bondarenko and Kyryliuk, 2020) the author’s approach to the formation of a system of cartographic
models for presenting the results of background geoinformation monitoring of the environment is
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considered. These identify different types of thematic maps of geoecological content, which are selected
by functionality (inventory, assessment, recommendation, forecast) and reflect the state, structure,
existing problems, as well as recommendations and forecasts of relevant phenomena or mapping
processes in space and time within different territories. spatial levels.

The article “GIS in environment monitoring tasks” (Bondarenko and Yatsenko, 2020) developed a
methodical approach to general (standard) environmental monitoring based on the functionality of GIS,
which consists in the theoretical and methodological substantiation of the algorithm for creating primary
assessment cartographic models that determine the state of the environment as a whole and by individual
components.

In general, the analysis of the content of publications highlights the current areas of further research
aimed at ensuring the creation of a complete chain of functional cartographic tools for environmental
monitoring in general and by individual components.

Results

The scientific and practical result of this work is the development and visual demonstration of the
created animated map of air pollution by its quality index as a figurative-symbolic spatial model and a
tool in the environmental monitoring system. It is substantiated as a secondary evaluation map, which
refers to the recommendation by functional type.

The model territory is the Poltava region, which examines the levels of air pollution, which can
adversely affect the overall health of the population living in certain places, determine the quality of the
environment (in terms of air pollution), as well as affect the ecological condition of the lands of the
nature reserve fund of the region in terms of air pollution of the respective territories and identification
of possible sources of influence on it (according to the tasks of ecological monitoring (Ecological
environmental monitoring, 2021)).

The scientific rationale for creating recommendation maps, in general, is that they reflect the results of
the analysis of primary data by presenting integrated information based on different approaches and
techniques. Their purpose is to actually track the various options for the state of the phenomena under
study, with the adoption of certain decisions of management (regulatory) and recommendatory nature
for the purposes of environmental quality regulation.

The practical level of development of the specified recommendation map is provided by the existence
of the integrated indicator of the quality of atmospheric air received on the carried-out monitoring of
the environment in points (points) of supervision or modeling of atmospheric dispersion. To do this,
together the concentration and time, which act as a dose of pollutants substances in the atmospheric air
of the territory. This indicator takes into account fine particles PM 2.5 (Particulate Matter, 2.5 nm) as
the most dangerous for the human body (Koltsov and Shevchenko, 2018; etc.). Their numerical values
that form the information basis mapping of the mapping indicator is presented and changed in real-time
(Air Quality Index, 2021; Ecological chatbot, 2021; World’s Air Pollution, 2021), systematized in the
database in CSV format, and compared with the classes of spatial objects that correspond to the
monitoring points.

Regulatory support for the functioning of GIS monitoring is provided through the use of existing
documents, in particular (Regulations on the State Environmental Monitoring System, 2021).

The mapping algorithm for creating an animated map, which will show the change in air pollution over
a period (day, week, month, quarter, etc.) based on the appropriate number of raster images, includes
the following steps using ArcGIS geographic information system based on the functionality of an
additional module of spatial analysis Analyst (ArcGIS Spatial Analyst software, 2021) and specialized
software for animation imaging, GIF animator:

— choice of interpolation method (there are options for choosing from two interpolation methods
(Kriging or inverse distance to a power), which give different models of the situation, each of which is
not 100% accurate reflection of the real state of air pollution; this involves conducting experiments and
obtaining current conclusions on the use of a method to display data);

— setting data interpolation parameters (regardless of the chosen method, setting the interpolation
parameters, it is necessary to take into account the parameters of selection: the layer of points for
interpolation; fields with thematic variables (atmospheric air pollution); storage locations and names
for the original raster; raster cell size the parameter can be selected experimentally));
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— setting up a data processing environment (selecting the parameters for creating a raster, so that the
original model was built not on the extreme existing observation points (located inside the mapping
area), but on the entire area (territory), installing a raster mask (the administrative boundary of the area)
to develop a model was cut along the border);

— cartographic modeling of monitoring results (consecutively for each defined period to a working set
it is necessary to add a DB with initial indicators of monitoring in the Excel table (formats CSV and
XLS are interconvertible); the opening of the table for viewing; transition to the attribute table of
graphic objects)) and establishing a connection with the field observation table, which are common to
both tables and contain unique data (key fields));

— harmonization of mapping results (obtained raster interpolation models may have a different legend,
which is quite consistent with different degrees of air pollution in different periods; by analysis, it is
necessary to develop a common scale for all maps and apply the same color saturation (between
isolines) in its gradations);

— presentation of monitoring results with the help of an animated map (carried out with the help of a
GIF-animator, to which raster images with the minimum required resolution, 300 dpi are exported). The
developed cartographic model (Figure 1) is monitoring because it corresponds to the purpose and:

— based on the use of indicators of systematic observations of the levels of air pollution;

— directly provides the modeling stage in the environmental monitoring system;

— provides an information basis for geoinformation analysis of monitoring data converted into
mapping indicators, obtaining integrated values to identify spatial and temporal patterns, in particular,
visualization of air pollution levels in general and in specific places (for example, on the lands of nature
reserves) region);

— It is a dynamic information environment as a means of assessing the actual state of the distribution
of the mapping indicator on the territory, recorded in the observation (monitoring) points;

— provides for the possibility of determining a specific numerical value of the mapping indicator in a
specific place of its fixation and throughout the map (as a calculation);

— makes it possible to identify critical (extreme) values of the indicator in the territory of mapping;

— allows you to track the dynamics of mapping over a long period, which corresponds to the time
interval on the created map;

— allows you to make the necessary recommendations (to optimize) to improve the environment as a
whole and by components.

The use of animation as a dynamic graphical variable used on the resulting isoline map made it possible:
— to present the effect of movement by displaying the representation of the movement of the form
(changes in the positions of the lines of the same values of the quantitative indicator on the territory of
mapping);

— show changes in color saturation between isolines, the value of which corresponds to the number of
periods to which the mapping indicators belong.

The main problems that arose in the process of implementation of the tasks are some observation points
in the Poltava region and some complexity in the systematization of monitoring data in the database.

Conclusions

Using the possibilities of geoinformation support of the analysis of monitoring research data by
mapping fast-changing phenomena allowed to formulate the provisions of the algorithm of cartographic
modeling of the dynamics of phenomena (on the example of air pollution in the Poltava region).

The scientific and practical result of cartographic modeling using the proposed algorithm was the
corresponding animation map, which corresponds to the derived evaluation category - a cartographic
model of the recommended functional type.
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Figure 1 Monitoring maps-frames of cartographic animation of daily air pollution of the territory of
Poltava region (13.03.2021, a) as of 0 o’clock; b) 3.00; c¢) 6.00; e) 9.00; e) 12.00; ) 15.00;
d) 18.00; h) 21.00; i) 24.00

The properties of the created map that distinguish it as a monitoring map are substantiated, the main
among which is its definition as a dynamic information environment (in particular, in terms of the
application of relevant graphical variables) and a means of assessing the actual state of mapping
distribution in the territory.
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