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MONITORING OF FOREST CONDITIONS DURING FIRE DANGER

A variety of information on forest ecosystem can he obtained by using remote sensing techniques nowadays. The use
of space data of forest monitoring is economically beneficial, hecause it allows to quickly ohtain objective information
needed by forest users to solve practical problems. Satellite data provides wide coverage of forest lands, high accuracy
of results, and high frequency of received data. Space images of the territory of Ovruch district of Zhytomyr region of
Ukraine were selected for the study in the summer of 2020. The definition of the rock composition is carried out by meth-
ods of the guided classification, namely Bayesian classifier. It is found that 70% of forests are pine, the aspen, hornheam,
birch, alder and ash breeds of tree are found in smaller numbers. In Ukraine according to statistical data for 2000-2020,
51,4 thousand hectares of forest plantations were damaged and destroyed by forest fires. Therefore, ohjective and timely
information on the fire effects is necessary for the solving a wide class of applied prohlems of forestry. Determining the
area of damaged forests is an important task in assessing the ecological and the economic damage caused to forest man-
agement hy forest fires. In the work technologies for defining the forest area, in which the fire occurred, are reviewed
using the space images of Landsat 8 sattelite. For detecting burned areas and levels of damage a normalized NBR pre and
post fire index and DNBR index are used. For forecasting forest fires a mathematical model based on Bayesian theorem
and a quarterly thematic map with classes of fire danger are created. To check the accuracy of the results of the projected
model, a comhbination of the thematic map with a fire layer of the defined areas is carried out. This software product is
flexible and versatile enough, it can he easily adapted to use not only for the determination of hurned forest lands, hut also
for other territories.

Keywords: information system; space imagery; remote sensing of the Earth; Quantum GIS; fire index; Bayesian formula; prob-
ability of fire.

INTRODUCTION

Forests are the main terrestrial component of maintaining natural balance in the biosphere, a source of
renewable biological resources in a period of global climate change. Objective data on forest resources, the
dynamics of planting and forest management, their biodiversity and geography are a complex task for creat-
ing scientific and technical accounting and management of forests. This task is also affected by the negative
anthropogenic factor, which sometimes leads to irreversible consequences. In Ukraine in the 80s and 2000s
major forest fires were recorded. However, in 2020 large fires occured in the forests of Kyiv and Zhytomyr
regions and led to destruction of large area of forest lands. The modern level of analytical methods and com-
puter programs allows to significantly increase the monitoring of forest areas and forecast fire hazard in
forests.

Forecasting forest fires is a determination of their probability of occurrence and their spread in the time
and space, based on analysis of data of forest monitoring. The following data are required for forecasting:

e class of fire hazard according to weather conditions;

e Location and area of forest land of I-III fire hazard classes;

e orthographic data (type of relief: plains, hills, mountains, plateau, ravines);

¢ presence of potential sources of fire on the examined forest area;

e data on retrospective analysis of the spread of fires in time (number of fires by year, month, week) and
territory (forestry, quarter, allocation).

Therefore, objective and timely information on the consequences of fires, obtained on the basis of inte-
gration of the forecast model and GIS technologies, is extremely necessary for solving various problems in
updating forest, updating of data on forest planting, protection of natural forest fund.

Various information on forest ecosystems can be obtained by means of remote sensing methods of Earth
(Earth remote sensing) nowadays. The use of space data of forest monitoring is economically beneficial,
because it allows to quickly obtain objective information needed by forest users to solve practical problems.
Satellite data provides wide coverage of forest lands, high accuracy of results, and high frequency of re-
ceived data [1-9].
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Analysis of recent research and publications. Analysis of modern scientific and information sources in
the field of research of fire-hazardous areas and creation of predictive models of forest fires revealed a num-
ber of fundamental and perspective works.

In researches by Vasilieva A.V., Krasniashchikh A.V., Korotaieva V.V. the development of the hardware
and software complex of detection and monitoring of forest fires on the basis of the unmanned aircraft was
considered. In work [10] a method of combining images of thermal and TV channels is used, it details the ar-
chitecture of special software. Khudov V., Kuchuk G., Makoveichuk M., Krizhny A. focus their analysis on
known methods of image segmentation obtained from on-board optical-electronic surveillance systems [8].

The construction principle is analytical, simulation and statistical mathematical models. Analytical mod-
els of forest fires are described in the works of Grishin A.M., Kutsenko L.M., Vasilieva S.V. [12; 13], in
which the mathematical and physical model is created, the basic model of equationsis given, the structure of
the fire front and the boundary conditions of its spreading are considered. However, the number of solutions
of systems of equality do not have sufficient simplicity, methods in the conditions of uncertainty require
a large number of physical characteristics and complex mathematical calculations, therefore they are not
suitable for carrying out operative and tactical measures.

To develop a long-term forecast of changes in fire safety for mixed forest types in the world already use
developed complex of FORRUS-S programs, which is intended for simulation modelling and analysis of dy-
namic processes taking place in forests. The baseline information for the model construction is the allocation
of tax and plans of forest plantations. The software-technical solution is a prototype of the software module,
which allows to functionally integrate into one system four mathematical modules of various components of
the system and the processes of circulation of elements [17; 18].

The urgency of this work lays in the absence of a universal system, in which the integration of mathemati-
cal model, GIS technologies and predictive model of the expert being tracked, which being flexibly adapted
to all types of forest plantations would greatly expand the possibilities of making good managerial decisions.

The purpose and objectives of the study. The purpose of our research is to develop an information system
that will analyse the consequences of forest fires using remote sensing technologies and make predictions
about detection of fire hazardous areas.

THE MAIN PART

In order to maximize management efficiency, reduce costs and objectively determine the forest inven-
tories, it is expedient to implement remote sensing methods of the Earth. They are widely used for forest
monitoring due to the availability of satellite images in large areas, and the data obtained have considerable
information value and with proper processing can give a lot of useful information on forest land: Area detec-
tion, tree species composition, changes in forest plantations, spread of forest fires, logging. When analysing
spectral channels of satellite images, it is possible to get information on forest health, the degree of destruc-
tion caused by pests or age. In general, you can find out the information on the forest inventories with just
a set of images and a specialized program. Remote measurement data can be used as an alternative to more
expensive ground-based observation and measurement. Both space images and aviation photography results
can be used to determine the forest condition. For detailed analysis of forest, space images of very high reso-
lution (sub-meter) resolution (GeoEye-1, Quick Bird, Word View) are the best to use but in terms of economy
and sufficiency for estimation of fire safety, the optimal use of high resolution (meter) images is optimal.

The territory of Ovruch district of Zhytomyr region was selected for the research. Data of space images
of the summer period of 2020, which were made by Landsat 8 satellite are used. Images are freely available
and can be obtained from sites such as EOS Land Viewer or USGS Earth Explorer. Images are in GeoTIFF for-
mat with WGS 84 geographic coordinate system and WRS-2 reference system. They contain eleven spectral
channels that are of different sets which used for different purposes (table 1).

Actualization of forest condition is carried out by the methods of guided classification, which consists in:

e defining classes of forest lands;

e performing the classification of space shot, which is a combination of spectral channels 3, 4, 5, 6, 7, 8;

e construction of a vector map layer of forest arrays on the basis of a raster layer of resulting classifica-
tion.

The class definition is to generate statistical pixel calculations for each species. The choice is made by
marking the control sites on the image, where we exactly know the tree species. We make this choice with the
forest map. On the basis of these statistical calculations, signatures of classes are formed.

Guided classification uses the Bayesian classifier: Based on signatures of certain classes, a system of equa-
tions is formed which determines the probability of belonging of a pixel of a space image to the corresponding
class, and for each pixel of a space image probability of its belonging to a certain class is estimated (fig. 1).
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Table 1
Spectral channels of Landsat 8 imagery
Name Wavelength Resolflhon What better shows
(nm) (m/pixel)

Coastal Aerosol 0,433 -0,453 30 Shallow water, thin particles of dust
Blue 0,450 - 0,515 30 Deep water, atmosphere
Green 0,525 -0,600 30 Vegetation
Red 0,630 — 0,680 30 Anthropogenic objects, soil, vegetation
Near-infrared 0,845 - 0,885 30 Waterfront, vegetation
Short wave infrared 1 1,560 - 1,660 30 Cloudiness, soil moisture and vegetation
Short-wave infrared 2 2,100 - 2,300 30 Cloudiness, soil moisture and vegetation
Panchromatic 0,500 - 0,680 15 Black and white images, precise details
Wispy clouds 1,360 - 1,390 30 Wispy clouds
Thermal infrared 1 10,30 -11,30 100 Thermal mapping, estimated soil moisture
Thermal infrared 2 11,50 - 12,50 100 Improved thermal mapping, estimated soil moisture

Ooma 017 1793

Cocva 11 3104

rpab 61 1 982

Bepesa 91 == 1667

Binbxa 121 R 2677

8
—

Fig. 1. Classification of the species composition on forest departments of Ovruch district

It is found that 70% of forests are pine. In forests there are also the aspen, hornbeam, birch, alder and
ash breeds of tree. Pine forests are known to be the most potentially dangerous objects given the forest fires.
In recent years, the number of forest fires of coniferous species, mostly in Polissia, namely in Zhytomyr
region, has increased. According to the results of the analysis of data by the laboratory of ecology Ukrain-
ian Research Institute of Forestry and Agroforestry in Ukraine 2000-2019 51,4 thousand hectares of for-
est plantation was damaged and destroyed by forest fires. In 2020, the loss from forest fires in Zhytomyr
and Luhansk regions of Ukraine passes the limit of tens of thousands of hectares. Therefore, objective and
timely information on the consequences of fires is necessary for solving a wide class of applied tasks of for-
estry, including planning of protection and forest protection, forest use and reforestation, updating of data
on forest resources.

Technology of detection of burned areas

Space image data made by Landsat 8 satellite pre and post fire are used to determine the areas affected by
fires respectively. The images contain the same geographical area of fires in Ovruch district. To determine
the burned areas, a comparison of the normalized NBR index pre and post fire is used and calculated accord-
ing to the formula:
_ NIR-SWIR )

NIR-SWIR’
where NIR is the near-infrared channel (channel 5 from table 1), SWIR is the short-wave infrared channel 2
channel (channel 7 from table 1).
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This index shows forest areas affected by fire. The result of the normalized index of the mentioned areas
with a scale from —1,00 to 1,00, where —1,00 — completely unaffected areas, and 1,00 — completely burned,
is shown in fig. 2, where the images pre and post fire are located.
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Fig. 2. Display NBR index pre and post fire

To compare the change in the NBR index between the pre fire and post fire period, the DNBR index is
used, which is based on the formula:

DNBR = (pre fire NBR) — (post fire NBR), 2)

where pre fire NBR is the NBR index before the fire, post fire NBR is the NBR index after the fire.

To determine the levels of damage to the territory, the obtained data of DNBR indicator are classified:
The level of growing territory on the graph is indicated by dark green colour, unburned — light-green, low-
affected — beige, medium-affected — orange and strongly-affected territory — dark-red (fig. 3).

The system exports the received data on area of
fire in GeoTIFF format, which preserves the geo-
graphic coordinates of the object and ensures com-
patibility of the received information with different
geographic systems.

Forecast of forest fire by Bayesian method

To forecast forest fires and their timely warning,
the foresters and the forest protection engineers
need to know the probability of forest fires during a
fire-hazard period, which will depend on the forest
characteristics and climatic conditions, on the terri-
tory of each forestry. To do this, we use the Bayesian
theorem, one of the basic theorem of probability the-
ory, which calculates the probability of the event on
condition that another event related to it has already
taken place. Bayesian’s formula helps to more accurately reflect the probability of the event, taking into ac-
count both known data and new data. For practical application of formulas, it is necessary to carry out a lot
of calculations, therefore the Bayesian’s assessments have begun to be actively used with rapid development
of information technologies.

Let K event happen only simultaneously with one of the hypotheses H,, H,,..., H, that form a complete

n

Fig. 3. Display the DNBR index

group of incompatible events, that is ZP(H i)= 1. Then, according to the Bayesian theory, the probability
i=1

of an event K, which can only occur when one of the events occurs H, is equal to the sum of the probabilities

of each of the hypotheses to the corresponding conditional probability of the event K:

n
P(K)=2P(Hi)'P(K/Hi)'
i=1 3)
For the event K is characterized by a complex of features &, k,,..., k, that in turn can still be divided into
the ranks kjl, k k. , which will be followed by research.

j2reee Wims
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Then, to determine the probability of hypotheses, provided that event K has already taken place, the gen-
eralized Bayesian formula is used:
__P(H,)-P(K/H,)
n

ZP(Hi)'P(K/Hi)

where P(H,) is the prior probability of hypothesis, H;,, K — an event, which is characterized by a certain
complex of features &, k,,..., k, n is the total number of possible hypotheses, P(H, /K) — a posterior prob-
ability of hypothesis H, after the received results on a set of features of the event K, P(K/H,) — the event
probability K with a hypothesis H,, which is calculated according to the formula:

P(K/H))=P(k,/H) - P(ky/H) - ... - P(k,/H). (5)

To forecast forest fires, their timely warning and rapid elimination, it is necessary to know the probabil-
ity of their occurrence during a fire-hazard period, which depends on the forest characteristics of forest
plantations.

For the analysis Mozharivs’k forestry in Ovruch district was chosen. The area of forest lands of the forest
is 8298 hectares. Having statistical data on all the forest characteristics of the quarter, we will make a fire
risk assessment of each quarter separately across the forestry and define classes of fire hazard.

Let K it be an event that characterizes the occurrence of a fire in the forest. The area of forest lands of
Mozharivs’k forestry is divided into 85 blocks, so we have hypotheses H,, H,,...,Hg.. In order to determine
the probability of each hypothesis, it is necessary to divide the area of the quarter by the total area of all
examined quarters of the forest, that is

P(H;/K)

, (4)

Sy
P(HJ:%. (6)
As the example we shall take territory 64 of the quarter. The probability for this quarter is equal to
S
P(Hg )=t = 252 g0
S 286,5 .

The following factors that influence the occurrence of fire: feature £, — a composition of forest planta-
tions, feature k, — a planting density, feature k; — an age of forest plantations, feature k£, — forest type. In
order to determine the probability of occurrence k, of the feature in a quarter H,, it is necessary to divide the
area of the forest in a quarter, which has the feature k,, by the area of the whole quarter, that is

S,
P(ki]-/Hi): Sk” . (7

H;
Feature k; — tree stands composition is a part of tree species that are in the forest plantation. The main
forest plantations in Mozharivs’k forestry are: k;; — Usual pine (Up), k,, — Silver birch (Sb), k;; — Ordi-
nary oak (Oo), k,, — Black alder (Ba), k,, — Aspen (As). The most fire hazardous are pine plantations, so for

this characteristic one need to determine the area of the territory where usual pine grows. For quarter 64 we

26,86
have: Pk, /Hg, )=——=0,95.
ave ( 11/ 64) 28.4

The feature k, — W(,)Od density is the indicator of density of the tree trunk stands per unit area. The most
fire-hazardous ones are forest stands with density of 0,7, 0,8, 0,9. So, one can define the following groups by
the stand density: k,, — density 0,7 — 1; k,, — density 0 — 0,6. Let’s determine the probability of the feature

24,1
for Quarter 64: P(ky /Hgy )= 284" 0,85.

>

The feature k; — age of trees is young pines aged under 40 years (group 2 and of class 3) refer to the class
1 of natural fire hazard. In such forest stands, fires almost always go to the top, causing significant dam-
age, and the elimination of such fires is difficult. Thus, one can distinguish the following age groups: kg, —
groups of age 2 and 3 (young growth classes 1 and 2 up to 40 years), k,, — groups 4-8 (others, over 40 years).
Thus, we determine the probability for each class of fire hazard in quarter 64:

¢ Class 1 of fire hazard — forest stands aged 2 and 3-year group:

Sy, 6,1
P(k31/H64): S A= 28.4 =0,21;
H64 ’
¢ Classes 2-4 of fire hazard are the age groups of 4-8 years:
Sy 22,3
Plksy/Heg, )= S 2 - 554 =0,79.
H64 ’
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A feature k, — a type of forest is a part of the forest or their combination, characterized by the same forest
conditions, the same composition of tree species, the number of strata, similar to a fauna, and require the
same economic measures under equal economic conditions. The main ones are the forest conditions of the
same forest type on a definite area. The most fire hazardous are forest stands with indexes class 0,1 — 1 of
fire hazard, and index 2 — class 2 of fire hazard (table 2).

Table 2
Classes of fire hazard by the type of forest conditions for forest stands over 40 years
Feature Class of fire hazard Types of forest conditions Explanation
kyq Class 1 AOP Very dry pine tree forest
A1D Dry pine forest
B10OP Forest conditions of dry oak-pine forest
C1HOP Forest conditions of hornbeam-oak-pine forest
kyy Class 2 A2P Fresh pine forest
B20P Forest conditions of fresh oak-pine forest
C2HOP Forest conditions of fresh hornbeam-oak-pine forest
kys Class 3 A3P Moist pine tree
A4P Damp pine tree
B30P Forest conditions of moist oak-pine forest
B40P Forest conditions of damp oak-pine forest
C3HOP Forest conditions of moist hornbeam-oak-pine forest
C4HOP Forest conditions of damp hornbeam-oak-pine forest
kyy Class 4 A5P Wet pine tree forest
B5BP Forest conditions of wet birch-pine forest
C5BA Forest conditions of moist black alder forest

Thus, let’s determine the probability by each class of fire hazard in Quarter 64 by the feature :
¢ Class 1 of fire hazard are forest stands under 40 years of all indexes and the forest stands over 40 years
with indexes 0,1:

Sy, 6,1
P(k41/H64)=P(k31/H64)= S = =28_4=0’21;
H64 ’
¢ Class 2 of fire hazard are the forest stands over 40 years with index 2:
S
Plhyy/Hey)=—"2-= 219 =0,78;
Sp, 284
¢ Class 3 of fire hazard are the forest stands over 40 years with indexes 3,4:
S
P(k43/H64):ﬂ: 0.2 =0,01.
Sp,, 284

Let’s determine the probability of the occurrence of fire in Quarter 64 considering classes of fire hazard
K,, K,, K, respectively:
P(Hg,) P(K,/Hgy) = P(Hg )P(kyy/Hg,)P(ky /Hg )Py /Hg )P(kyy /He,) =
=0,10-0,95-0,85-0,21-0,21 = 0,004;
P(Hg,) P(Ky/Hgy) = P(Hg)P(kyy/Hg)P(Ryy /He)P(Rgy/He)P(Ryo/Hegy) =
=0,10-0,95-0,85-0,79-0,78 = 0,05;
P(Hg,) P(K3/Hg,) = P(Hg )P(kyy/Hg)P(kyy /Hg)P(kgy/Hg,)P(ky3/Heg,) =
=0,10-0,95-0,85-0,79-0,01 = 0,0006.
Thus, in quarter 64 the most likely is class 2 of fire hazard. Similarly, for all other quarters, according to
formula (3), we define fire hazard classes.

In Mozharivs’k forestry classes 1-4 of fire hazard are found: class 1 — 6485,6 ha, class 2 — 1210,3 ha,
class 3 — 516 ha and class 4 — 86,1 ha.
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Now, according to the Bayesian formula (4) for each quarter we estimate the fire occurrence on con-
dition that one of the classes of fire danger has already been detected there K,, K,, K;, K,, that is
P(H,)P(K,/H,)

P(K,,)
For quarter 64 where class 2 of fire hazard is found, the probability of occurrence of fire is
P(H64)P(K2/H64) 0,05

P(Hg, /K ;)= = =0,65.
(Hes/K>) K, 0077

P(H, /K, )= , m=1,2,3,4

The creation of a cartographic database for estimation of probability of fires in forest areas
As described above, the probability of a fire in a particular forest area is determined by the time-age com-
position of the forest sites in the estimated quarter and the moisture condition in this forest site (table 3,4).
To calculate the probability, a cartographic base which describes the characteristics of forest areas and for-
est sites is formed. The database includes two main classes of objects, attributes of which are given below,
and classifiers «Main element of the forest», «Age group», «Feature of moisture».

Table 3
Class of forest quarters
Name of attribute Data type Explanation
Number of quarter Integer Number of quarter
Name of quarter Text Marking of quarter
Pirology Value Float Fire index
Area Float Area of quarter
Table 4
Class of forest sites
Name of attribute Data type Explanation
Number of forest site Integer Number of quarter
Name of forest site Text Marking of quarter
Pirology Value Float Fire index
Area Float Area of quarter
Forest Element Integer Main forest element
0Old Group Integer Age group

The cartographic database was filled by digitizing the raster maps of Mozharivs’k forestry (fig. 4).

Fig. 4. The raster map of forest quarters () and forest departments (b) of Mozharivs’k forestry
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The result of digitizing are vector layers of quarters and departments with the defined characteristics of
forest areas, on the basis of which the probability of occurrence of fires in forest quarters is calculated. Fig. 5
shows a thematic map of distribution of probability of occurrence of fire, calculated by Bayesian formula,
where classes of danger are marked by colours: class I — blue, II class — red, III class — orange, IV class —
green.

An interesting combination of thematic map with
raster layer of fire index (fig. 6) obtained by means
of the method of determination of burned areas by
fire with formulas (1) and (2).

The combination of the map with the raster layer
shows that our forecast model is correct and can be
used by forestry specialists.

Discussion of the results

Recently, for the effective organization of terres-
trial assessment of quantitative characteristics of
forest lands, satellite images are increasingly used,
which can significantly increase the completeness of
detection and accuracy. Objective and up-to-date in-
formation on fires, obtained through the integration
of forecasting model and technologies of geographic
information systems, is essential for solving vari-
ous tasks in reforestation, updating data on forest
plantations, protection of natural forest resources.
The Bayesian method helps to predict forest fires in
certain areas of forestry and use the information ob-
tained to prevent fires in a timely manner. This as-
sessment depends on many factors, among which the
taxonomic characteristics of forest plantations and
climatic conditions are particularly important. Cur-
rently, the formula includes four features, but in the
process of future research, it may be expanded. To
verify the accuracy of the results of the created fore-
cast model, it is necessary to combine the thematic
map with a layer of defined areas of fires.

Conclusion

Information system of analysis of forest fires
consequences using remote sensing technologies
has been developed and forecast on detection of fire-
hazardous areas has been made. Actualization of
forest lands with use of space images on the basis
of the guided classification by the Bayesian method
was carried out. The results of the normalized NBR
index definition before and after the fire were ana-
lysed based on space images made by Landsat 8 sat-
ellite during the summer period of 2020 in Ovruch
district of Zhytomyr region of Ukraine. The forecast
model of probable occurrence of forest fire by the

Fig. 6. Combination of thematic map of fire probability Bayesian method was also created. A thematic map

with the layer of defined consequences of fire with distribution of fire hazard classes for each fo-

rest district was created. To check the accuracy of the results of the projected model, a combination of the
thematic map with a fire layer of the defined areas is carried out.

This information system is a convenient and universal software product that can adapt to any forest mac-
ro system. The further direction of improvement is the introduction of artificial intelligence and machine
learning, which will allow to obtain the result of analysis even more precisely and with maximum speed for
rapid responding and decision making.
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0. I. Bangypka, 0. A. auok, O. B. Caunyyk, B. T, LLIsaviko
MOHITOPWHT CTAHY JICIB Y MEPIOA NOXXEXXOHEBE3NEKW
ChorogHi pisHoMaHiTHy iHghopMalito rpo nicoBi eKoCMCTEMI MOXHA OTPUMATYV 38 JOMOMOror METORIB AVCTaHLIHOM0 30HAYBaHHs 3em-
J1i. BUKOpUCTaHHS KOCMIYHVX [IaHNX MOHITOPUHTY TTiCiB € eKOHOMIYHO BUTI[HMM, OCKifbKy 18€ 3MOry LUBUAKO AicTaTV 06°EKTUBHY iHGhopMa-
Lito, HeobXifHy NiciBHYKaM [119 PO3B’93aHHS NPaKTU4YHMX 3aaad. CynyTHYKOBI faHi 3a663Me4yi0Tb LLINPOKE 0XOMTEHHS JTICOBYX Yriflb, BUCOKY
TOYHICTb PE3YILTATIB, & TAKOX BUCOKY YAacTOTY OTPUMAaHVX fAaHvX. [ns gocnimxerns 6yno BubpaHo KocMiuxi 3HiMKy TepuTopii OBpyLbKOro
pavioHy XXutomupeskoi o6nacti Ykpaiku sritky 2020 poky. BusHayeHHs nopogHoro cknazy npoBeaeHo MeTofami KepoBaHoi Knacueikauii,
a came knacueikatopom bavieca. BetaHosnero, wo 70% nicie € cOCHOBAMN, Y MEHLLIVE KinbKOCTI 3yCTPIYaloThCs OCHKOBI, rpa6oBi, Gepe-
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30Bi, BifbX0Bi Ta sceHeBi nopoav nepes. 3a cratucTudHumm gaHnmn srpogosx 2000-2020 pokis B Ykpaiki 6yr10 NOLKOIKEHO | 3HWLLEHO
nicosumy noxexam 51,4 Tc. ra nicoBux HacamkeHb. ToMy 06'€KTUBHA | CBOEYACHA iHGhOPMALYiS PO HACTIAKM MOXEX HeobXigHa ans
BYDILLUEHHS LUMPOKOrO Mepeniky npuKnagHux 3aBhaHb Jlic0BOro0 rocnofapctsa. Baxnveum 3aBhaHHIM y MpOLEC OLiHIOBAHHS eKooro-
EKOHOMIYHOro 36UTKY, HAHECEHOro NiCOBOMY rocrnofapcTBy BHACMIGOK JIICOBUX MOXEX, € BU3HAYEHHS N0 MOLIKOMKEHX fliciB. Y cTarTi
DO3IISHYTO TEXHOMONT BUBHAYEHHS TEPUTOPIT nicy, [ie BINBYNacs NoXexa, 3 BUKOPUCTAHHSM KOCMIYHMX 3HiMKiB cynyTHuKa Landsat 8. [ns
BUSIBIIEHHS! CIANIEHNX MOXEXEK TePUTOPIV Ta PIBHIB ypaXeHHs 3acTOCOBAHO HopManizoBaHui inaekc 3rapuwa NBR [o Ta nicns noxexi i
iHnexc DNBR. [Ins nporHo3yBaHHs JicoBYX NOXEX po3po6rieHo MaTeMaTyHy MOfenb Ha 0CHOBI Teopemu bavieca Ta cTBOPeHO TeMaTnyHy
KapTy 3 Knacamu noXexHoi He6e3aneku nokBapTanbHo. [Ins NepeBipky TOYHOCTI Pe3yseTatiB CghopMoBaHOI NPOrHo3HoI Mogeni 34iVicHeHo
CYMILLIEHHS! TEMATV4HOI KapTV 3 LUaPOM BU3HA4EHVIX TEPUTODIV 3rapuLy. Takvi nporpaMHmi NpogykT € JOCUTb THYYKUM Ta YHIBEPCATTbHIM,
BiH MOXe 6YTv NIerko aaanToBaHyM Anisi 38CTOCYBAHHS He TirlbKvl [151 BU3HAYEHHS CrianeHyix ficoByX yrifb, & i [T HLMX TEPUTOPIN.

Kniouogi cnoga: iHthopmalliiHa cucTeMa; KOCMiuHi 3HIMKW; uCTaHUiiHe 30HyBaHHs 3emni; Quantum GIS; iHaekc 3rapui; opmyna
baiieca; iMOBIpHICTb BUHIKHEHHS MOXEXI.

E. W. bannypka, 0. A. [Jauok, 0. B. Ceunyyk, B. I, LLIsaviko
MOHUTOPWHI COCTOAAHA JIECOB B TEYEHNE NO)XXAPOONACHOIO NEPNOAA

CeropHs pa3Hoo6pa3Hyro MHEHOPMALIIO O IECHBIX 3KOCUCTEMAX MOXHO MOJTY4UTb C NOMOLLbO METO[OB AVNCTAHLMOHHOIO 30HANPOBAHNS
3emnu. Vicrionb3oBaHne KOCMUYECKUX [aHHbIX MOHUTOPUHIE NIECOB 3KOHOMMWHYECKY BbIrOAHO, TaK Kak Mo3B0sISeT BbicTpo nosy4aTs 06b-
EKTVIBHYIO VHGIOPMALIO, HEOBXOVMYKD NIECOBOAAaM AN1s PELLIEHNS NPaKTN4ecKux 3aha4q. CryTHUKOBbIE JaHHbIE 06ECheYNBaIT OBLLMPHBIA
0XBAT NIECHbIX yrofwii, BbICOKYI TOYHOCTb PE3Y/ILTATOB, @ TakXe BbICOKYID YaCTOTY MOSYYEHHbIX AaHHbIX. Llng vccnenosanms 6biv Bbl-
6GpaHb! KocMudeckne cHumkn Tepputopiuv OBpyyckoro paiona Xutomupekoii o6nactu YkpanHel netom 2020 roga. Onpenenexne no-
POAHOr0 COCTaBa NMPOBEAEHO MeToAaMmu ynpasnsemol KnaccuiukaLm, a iMeHHo knaccugmkaropom baiieca. YeraHosneno, 4o 70%
J18COB COCHOBbIE, B MEHbLLIEM KOJIMYECTBE BCTPEYAIOTCS OCUHOBbIE, rpaboBbie, 6epe30BbIe, 0/1bX0BbIE U SCEHEBbIE Nopo/bl AepeBbes. 1o
CTATUCTVHECKVM [aHHbIM Ha npaTsxernn 2000-2020 rogos B YkpanHe 6binio MOBPEXIEHO M YHNHTOXEHO NECHbIMY noxapam 51,4 Teic.
ra fIecHbIX HacaxaeHuii. [oaTomy 06beKTVBHas i CBOEBPEMEHHAS NHGIOPMALMS 0 MOCIECTBSX MOXAapOB HE06X0AUMa [/1s PELLEHNS LLN-
POKOro nepeyHst npyKkagHbIX 3a4a4 NeCHoro Xo3svicTea. BaxHov 3agaqeit npy oLeHKe 3K0SI0ro-3KOHOMUYECKOro yiLep6a, npuYuHeHHoro
JIECHOMY XO3SWICTBY B PE3Y/IbTATe JIECHBIX M0XAPOB, SBSETCS ONPEnerneHue nioLaan NoBPexaeHHbIX n1ecoB. B cTaTee paccmoTpeHa
TEXHOSI0MVIS OnpesenenHns TeEpPUTOPMI 1eca, rae NpoLLIEes noxXap, C MCnosb30BaHUEM KOCMUYECKMX CHUMKOB cryTHuka Landsat 8. [Ins
06HAPYKEHNS COXXKEHHbIX MOXAaPOM TEPPUTOPUV 1 YPOBHEN NOPAaXEHW UCMOsb3YeTcs HOPMann30BaHHbIi uHaexc noxapuwy NBR go v
nocne noxapa v vkgekc DNBR. [Ins nporHo3vpoBaHus fecHbIX MoXapoB pa3paboTaHa MaTeMaTnyeckasl MOJesb Ha OCHOBE TEOpeMbl
baiieca n co3fnaHa TemaTn4eckas kapTa ¢ K1accamu MoXapHoy 0nacHOCTY NOKBAaPTarbHO. LS MpoBepKy TOYHOCTY PE3y/IbTaToB CO3AaH-
HOV NPOrHO3HOM MOLAEN NPOU3BENEHO COBMELLEHNE TEMATUYECKOM KapThbl CO CII0EM OMPEeenieHHbIX TepPUTOPMIA noxapuLy. [aHHbii npo-
rpamMHbIvi PORYKT JOCTATOYHO rMBOK 1 YHUBEPCAIIEH, OH MOXET BbITb JIETKO aAanTvpoBaH [s1s NPUMEHEHNS HE TOMbKO [/ 0npeaeneHns
COXOKEHHbIX JIECHBIX YrOAWIA, HO W 7151 APYIVX TEPPUTOPMIA.

Knioueebie cnoea: HHOpPMaLMOHHAS CCTEMA; KOCMUYECKIE CHUMKM, ANCTaHLUMOHHOE 30HAMpoBaHue 3emnu; Quantum GIS; nHpekc
noxapuuy; (opmyna baiteca; BEpOSTHOCTb BO3HUKHOBEHWS NOXapa. ~
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