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METHOD OF IDENTIFICATION OF TREE SPECIES COMPOSITION
OF FORESTS ON THE BASIS OF GEOGRAPHIC INFORMATION DATABASE

Abstract. Monitoring of the forests with the help of remote sensing of the Earth systems is actual on the present stage of
people development. Existing systems of research do not allow to use geographic information databases and don't include
the spectrum of exploration that are presented in our work. The aim of this article is to develop the method of identification
of tree species composition of forests on the basis of geographic information database in the integration with correlation
analysis. It will give the possibility to find the most negative things that influence on the condition of forest ecosystems and
neutralize them at the first stage of their influence. Satellite images that are received from the satellites Landsat 5 and 8 are
used to make the database. Tree species composition of Mozhariv forest during 20 years is analyzed as an example in this
article. Classification of tree species composition of forests using space images is made on the basis of Bayes classifier.
There is a special geographic information database for further data processing and identification of tree species composition
is developed. Forest is analyzed on the number of trees in each species during continuous time measures (in 2000, 2010 and
2020) in this article. Results of the work are presented with the help of graphics. Correlation analysis, which helps to make
the analysis of tightness of connections between changes trees in number and different forest criteria, is made to identify
tree species composition of forest. Developed method together with well-known methods of monitoring of forests help us
to make effective application for analysis of tree species composition of forest changes and to make better existing
information systems including different quality demands. Peculiarity of developed information system is in using of the
data processing module as a part of geographic information system and implementing correlation analysis with
identification of factors that influence each other. It helps to increase quality in management and monitoring of forest
resources. Geographic information becomes available for users.
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Introduction

Fast development of means of remote sensing of
the Earth systems and availability of data processing
contribute to the need of making the methods of forest
analysis better. Space imagery and forest inventory are
used to identify tree species composition of forests.
Increasing amount of satellites that make constant space
imagery helps us to identify changes in forests.

Modern satellite systems help us to get multiple
images of the Earth surface with high resolution and find
their usage in marine objects studies, forests, harvest
control and prediction, disaster monitoring, climate
identification, etc. Operational thematic mapping of
surface on big territories is possible only with the help of
remote sensing of the Earth technology. It is needed to
create effective methods of image analysis with their
further interpretation  (classification of images,
identification of different objects on the Earth) because of
their unprocessed condition in space imagery.

Forests are main components of global ecosystem.
Research of their deposits and dynamics is needed to
evaluate the condition ecosystems are in, changes in
carbon-dioxide and greenhouse gases, potential of
resources. Forest fires are big problem nowadays. They
are unpredictable and have high potential of destroying.
A lot of forests are dying as a result of forest fires.
Unauthorised deforestation is also a big problem.
Destruction of forests has negative influence on the
atmosphere condition. Temperature increasing, soil

erosion, devastated water circulation and changes of
forest biota are the results of forest destruction.

Out of date possibilities of calculation and forest
mapping, small amount of mapping data about the
condition of forests are main problems in forests
nowadays. One of the conditions of geographic
landscape information presentation is geographic
information database (GID) that can help to show the
condition of the studied territory. That's why complex of
works in remote sensing of the Earth and informational
parts with specific applications are needed to monitor
changes of forests over time.

Analysis of latest researches and publications.
Analysis of latest researches and publications shows
that scientists all over the world make their researches
in the field of image analysis to do practical tasks not
only in the sphere of information technology, but in the
sphere of forestry and agriculture [1-6].

Authors of the works [7-8] use methods and
instruments of remote sensing of the Earth database
analysis in their researches to find out changes of plants
that have been made under the influence of industrial
waste.

Decoding of satellite imagery for calculation of
different tree species are shown in the articles [9-10].
Distant methods development of getting information
about natural processes is made because of the need of
forest monitoring that occupy huge territories and
environmental processes that originate during forests
exploitation.
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The results of modelling of components of
biomass of main tree species that form forests and
carbon-dioxide deposit in them are shown in the article
[11]. A big digital multilayered map and geographic
identification analysis of carbon-dioxide deposits of
forests are made. Instruments for analysis of emissions
and greenhouse gas absorption in forestry, for forest
digital map construction and evaluation of carbon-
dioxide deposit according to the statistical data of forest
deposits, tree species, dividing into classes of ages and
using other forest inventory data are made.

Summarizing of all experience of forest analysis in
Ukraine with the help of satellite imagery is made by
the author [12]. It is studied that our researches use
multi-zonal images that are made mostly with the space
satellites SPOT and Landsat to account changes of
forest area, finding out types of forests, their tree
species composition and age at the regional level
preferably.

Satellite systems opened huge possibilities in
providing reliability, efficiency and periodicity of
measurements related to the study of forest conditions
and dynamics of its changes. The authors built digital
plant maps according to normalized vegetation index
using the K-means method to monitor the dynamics of
vegetation changes over 20 years in their work [13]. The
authors consider the need to use geographic information
system and remote sensing of the Earth data for forest
monitoring in their work [14]. Visualization method of
the normalized vegetation index NDVI is used to
increase mobility and efficiency of monitoring.

Monitoring of forest ecosystems can also be
carried out with the help of software and hardware
complexes based on unmanned aerial vehicles (UAVS).
Article [15] demonstrates the great potential of high-
resolution UAV data and photogrammetric methods that
allow collecting multispectral images and making
estimates of various vegetation indexes. The main
limitation of this approach is the lack of ground-based
radiometric measurements, which could give a better
quantitative picture of the ground situation. Monitoring
was carried out only within the field of agriculture.

The authors of the work [16] emphasize the fact
that modern global trends in state forest management
require development in the sphere of using modern
geographic information systems. At the same time, it is
noted that the creation of GID requires significant
physical and financial costs. It is important to ensure the
possibility of authorized access to information. Creation
of a convenient and accessible GID is needed.

A number of computer platforms for analysis and
visualization of natural plant changes in forest areas
were also studied: InciWeb, Earth Observing System,
WorldView, ClearCut [17-22].

The conducted analysis shows that existing
systems do not have the functionality to detect
dependencies between the remote sensing of the Earth
data and forestry indicators, as well as to identify the
changes of forests in time over several decades.

The purpose of this work is to develop a method
for identification of tree species composition of forests
on the basis of a geographic information database in

integration with correlation analysis. This will make it
possible to identify the most negative factors affecting
the condition of forest ecosystems and to neutralize
them at the initial stage of their influence.

Main part

With the help of modern information technologies,
the necessary web applications are created for effective
forest management which include monitoring changes
and forest resources analyzing. The vast majority of
work was previously carried out manually, the control
of qualitative and quantitative changes in forests and the
territories adjacent to them was carried out with help of
passing by large areas. As a result, the development and
implementation of new software and information
systems is an urgent task.

Modern information technologies tend to constant
changes, so there is no universal product with
functionality that would satisfy all the needs of users at
this stage. The main requirement is to adapt to the
specific requirements of users according to their profile.
Therefore, it was decided to implement the basic
functionality, which will be used by everyone and can
be expanded in the future.

Space images of forestry obtained by the Landsat 5
and 8 satellite programs during 2000-2020 on the
territory of Mozhariv Forestry are used to analyze
forests. The picture is downloaded from the open
electronic resource http://earthexplorer.usgs.gov/.

Free cross-platform  geographic information
system QGIS was used for classification of satellite
images - this is an additional software that stores many
geographic information software products. The platform
provides ready-made elements familiar to the user for
displaying text, images, tables, lists and buttons. A
significant benefit is the ability to reuse code between
applications on the platform with the help of controlling
and displaying elements that adapt to their context and
presentation.

In order to further classification and identification
of images, it is necessary to create a geographic
information database (GID) as a fundamental basis.
Raster thematic maps of forest quarters and forest
divisions of the Mozhariv Forestry, created on the basis
of topographic maps on a scale of 1: 50,000, were used
to create the GID. Identification is the main
classification unit for the separation of forests according
to their functional and qualitative characteristics. The
administrative map of Ukraine 1:200,000 with a specific
area and corresponding space images of this area is also
needed to work with GID. Input data that will be stored
in the database must correspond to a certain format:
class number, class name, number of trees in the
selected area.

The classification of tree species composition of
the forest is one of the components of the mapping
process, which consists in the computer verification of
the images, which is ensured by the systematic
distribution of all pixels of the image into groups related
to different objects. A certain functionality is created to
implement the task, which provides collecting, saving,
accumulating and analysing of the spatial database of
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the forest resources in the region, providing primary
accounting of forests and the regional forest cadastre.

The technology of creating a GID involves the
following algorithm:

- identification of image zones;

- establishment of the study sample;

- sample filtering;

- partitioning of the featured space;

- establishment of intra-interval evaluation for
classes;

- classification of spectral channels.

One of the challenges is to combine classification
data using cross-platform capabilities. For correct
classification, polygons of each type of tree species
must be identified so that the software product can
accurately select the desired pixel and assign it to the
class that meets its standards. For our image, the Bayes
classifier was chosen — a classification algorithm based
on the principle of posterior probability. For each pixel,
the probability functions of each of the classes are
calculated, according to which the posterior
probabilities of the classes are calculated. We propose
to calculate the following probabilities:

- apriori probability P(K),

- conditional probability that is responsible for
the distribution of the training sample P(O/K),

- posterior probability P(K/O), which can be
found by the Bayes formula:
P(O/ K)P(K)
P(O)
where O — is a vector of pixel features, K — is the

number of classes, and P(O) — the total probability is
determined by the formula:

P(O) =ZP(O/K)P(K).

P(K/0)= , )

@

The decision-making rule is formulated with the
help of posterior probabilities from formula (1). A pixel
belongs to a class with a higher posterior probability
than it is in other classes. This classifier is optimal,
because in all research cases it will give an
unambiguous answer about whether a pixel belongs to
one of the classes.

The more polygons we allocate for each tree
species, the larger the statistical sample will be and the
more accurate the classification of the tree species
composition will be in the entire studied area. We
identified 7 main classes of tree species combining
polygons for each class. Class 8 was chosen to denote
an area where there is no forest (Fig. 1).

Class name Value | Colour Number of
trees, pcs

Aspen 101 2005
Pine 11 4897
Hombeam 61 3988
Birch 91 2569
Alder 121 5760
Ash 71 1752

Class 8

Fig. 1. Classification of tree species composition in forest segments of Mozhariv Forestry in 2020

As a result, we received a map of the forest in the
identified area with a classification of trees with
numbered colors which correspond:

8 — non-forest area,

11 — pine forest,

31 — oak forest,

61 — hornbeam forest,

71 — ash forest,

91 — birch forest,

101 — aspen forest,

121 — alder forest (Fig. 2).

It has been established that 70% of the forests are
pine forests. Aspen, hornbeam, birch, alder, oak and ash
tree species are also found in the forests. The number of
conifer forest fires increased last years. Therefore,
objective and timely information about changes in the

forest cover is necessary to solve a wide class of applied
forestry tasks, including forecasting the occurrence of
fires and creating a simulation model of forest fire
development.

The monitoring of forest changes in one territory
by the number of trees over several decades for the
years 2000, 2010, and 2020 is carried out to make a
qualitative analysis of the tree species composition
(Fig. 3).

The data shown in fig. 3 indicate that tree species
composition during the last decades has changed very
often for different tree species. This is due to the fact
that foresters carry out sanitary felling every year, and
there is also uncontrolled felling of trees. Sometimes
large fires occur, which also lead to significant losses of
forest plantations.
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Fig. 2. Thematic map of tree species composition of the Mozhariv forestry in 2020
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Fig. 3. Change of tree cover in Mozhariv Forestry during 2000-2020

In order to improve the accuracy of the analysis
and establish additional characteristics of the forest
condition, it is advisable to use high-resolution satellite
images in further work. They will help us to analyze the
situation at the level of parts of a single tree, which is
necessary for timely detection of changes and early
decision-making.

Various mathematical methods are used to analyze
the changes that occur in forests due to forest fires,
unauthorized and sanitary felling, forest reproduction
[11-16]. It is advisable to conduct the analysis when
there is a sufficient amount of statistical information,
and the conditions of the external environment are
stable enough. One of these methods is correlation
analysis.

Most of methods of strength measuring of the
correlation bond involve comparison of the deviations
of the absolute values of the parameters from their
averages:

corr(X,Y)= M
_ M[(X—Mx)(YX—TV'Y)] 9
Sy Sy ’

where My and My — mathematical expectations of values
X ta Y, sx and sy — average square deviations of values
Xand Y in accordance.

We will determine with the help of the correlation
coefficient how indicators of the consequences of forest
fires affect the change in forest cover (Table 1). The
values of the indicators of the consequences of forest
fires were obtained from the official data of Mozhariv
Forestry.

Table 1 — Dependence of the loss of forest cover on the
consequences of forest fires in Mozhariv Forestry

Correlation | Indicators of consequences
coefficient of forest fires
L £ forest -0,225 Number of forest fires, pcs
osigve:nres 0110 Area of forest lands
. ' affected by fires, ha
according to Burnt and damaged forest
DZZ data, 0,562 u gea
on astump, m
number of -
trees 0.363 Damages caused by fo_rest fires,
' thousand hryvnias

According to the results of Table 1, it can be
concluded that the loss of forest cover depends on the
consequences of forest fires, although they are not the
main reason for the change in the number of trees.
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In order to increase the accuracy of the analysis
and establish additional characteristics of the forest
state, it is advisable to use high-resolution satellite
images in further work. This will make it possible to
analyze the situation at the level of parts of a single tree,
which is necessary for timely detection of changes and
early decision-making.

Conclusions

Today, there are a large number of already
implemented systems for forest land monitoring that
require detailed improvement.

The method described in the article makes it
possible to create a system for identifying tree species
composition of forests on the separated territory and
monitoring the temporal changes in the forest cover
over several decades. A geographic information
database has been created, which allows classifying the
studied territory by tree species composition on the
basis of space images which are taken using the
Bayesian classifier. This system makes it possible to

analyze changes in forest areas over a long period of
time. A correlation analysis of the species composition
in relation to various indicators of forestry was carried
out and dependencies between the studied parameters
were established.

One of the most interested parties in the developed
system is the State Agency of Forest Resources of
Ukraine. Obtained research results will be useful for the
militarymen, who perform combat or tactical tasks in
the forest area.

The developed method together with well-known
methods of forest monitoring allow to create effective
software for the analysis of changes in tree species
composition of forests and to improve existing
programs taking into account different quality
requirements.

Prospects for further research are seen in the
improvement of the system due to the addition of new
functionality, for example artificial intelligence usage
for analyzing and evaluating the classification of tree
species composition of forests.
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Merton BU3HAYEHHSI IOPOJHOIO CKJIALy JiCOBUX HACAIKeHb HA OCHOBI reoingopmauiinoi 6a3u faHuX
O. B. bapa6a, O. I. Banaypka, O. B. Ceunuyk, I'. M. TBepaenko

AHoTranisi. Ha cyyacHoMy erami pO3BUTKY CYCIIIBCTBA aKTyaJlbHUM € MOHITOPUHI JIICOBHX HACA/DKEHb 3a JOIOMOTOI0
qucTaHuiiHoro 3ouayBanust 3emui ([33). IcHyroui cucTeMu MOCHiIKEHHsT 3MiH POCIMHHOCTI HEe()EeKTUBHO BHKOPHCTOBYIOTH
reoindopmaniiinoi 6a3u ganux (I'B/l) Ta He OXOIUTIOIOTH CIIEKTP CIIOCTEPEkEHb, PO3MNISIHYTHX Y JaHii poboTi. Meroro crarTi €
PpO3po0OKa MeToy BU3HAYCHHS [MOPOJHOIO CKIIaLy JiCOBHX HAca/PKeHb Ha OCHOBI reoinpopMaiiiiHol 0a3u JaHHUX B iHTerparii 3
KOpeIsIiiHuM aHaji3oM. 1le macTh MOXKIMBICTH BUSIBISITH HAMOLIbII HETaTWBHI YMHHWKH, L0 BIUIMBAIOTh HAa CTaH JIICOBUX
€KOCHCTeM Ta HeWTpasi3yBaTH IX Ha MOYATKOBiH cramii BrutuBy. s cTBOpeHHs 0a3u AaHMX BUKOPHCTOBYIOTHCS KOCMiuHI
3HIMKH, OTpUMaHi BiJ cynytHukiB Landsat 5 ta 8. B sikocTi mpukiagy npoaHanizoBaHO JICOBUI MOKPHB MOKapiBChKOro
nicauirsa 3a ocranti 20 pokiB. Knacudikaiiis HopoaHOro ckiaay JIiCOBUX HAcaKEHb 32 KOCMIYHUMH 3HIMKaMH BHKOHY€ETHCS
Ha ocHOBI kiacudikaropa baiieca. B po6oti cTBopeHa crienianizoBana reoindopmariiiiiHa 6a3a JaHUX Uil MOAANBIIOT 0OPOOKH
JAHUX Ta BCTAHOBJICHHS MOPOJIHOrO CKJiajy. B po0oTi mpoaHasni3oBaHO JIiCOBH MOKPUB 3a KINBKICTIO J€PEB MO KOXKHIiK MOpoi
OKpeMO MpOTSIroM TpuBaiux uacoBux psiaiB (2000, 2010 ta 2020 poku). Pesympratét mocimijpkeHb MaioTh TpadidHe
BioOpaxkeHHs. [Insi aHammily JICOBOro MOKPHBY TaKOXX MPOBEICHO KOPEISIMIHHUI aHaji3, sSKWUi BU3HAYAE MIJIbHICTH
B33a€MO3B’SI3KiB MK 3MiHOIO KIJIbKOCTI J€PEBHHUX HACAIKEeHb Ta PI3HUMHU JiCOBUMH MOKa3HUKaMH. Po3pobiieHnii MeTo pa3oM 3
BiJOMHMH METOJaMH MOHITOPHHTY JICiB JO3BOJSIIOTH CTBOPUTH e(pEeKTHUBHE MporpamHe 3a0e3ledeHHs A aHamizy 3MiHH
JICOBHMX HACA/PKEHb Ta yIOCKOHAJIHUTH iCHYIOUi iH(pOpMaILiitHi CHCTEMH 3 ypaXyBaHHSAM Pi3HHX BUMOT 10 siKOCTi. OcoONUBiCcTIO
CTBOpIOBaHOI iH(OpPMAIIWHOI CUCTEMH € BHUKOPHCTAHHS MOJYJsi OOpOOKH JaHMX B CKJIagi reoiH(pOpMaliifHOi cucTeMH Ta
MPOBE/ICHHsT KOPEJSLIHOro aHalli3y 3 BCTAHOBJICHHSM 3aJIeXHOCTI (aktopiB. Lle cnpusie migBUINICHHIO SIKOCTI YIpPaBIiHHSI Ta
MOHITOPHUHT'Y JTiCOBUX PeCypciB, TOCTYIMHOCTI reoiH(opMAIlii st KOPUCTYBaUiB.

Kaw4yoBi caoBa: KocMmivHi 3HIMKH; reoinpopmamniiina 6a3a ganux; kinacudikarop Baifeca; mopomHuii ckian aepes;
KOpEILSIIHHUIN aHami3.
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