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RESEARCH OF FOREST FIRES USING REMOTE
SENSING DATA (ON THE EXAMPLE
OF THE CHORNOBYL EXCLUSION ZONE)

Earth remote sensing and using the satellite images play an important role when monitoring the effects of forest
fires and assessing damage. Applying different methods of multispectral space images processing, we can determine
the risk of fire distribution, define hot spots and determine thermal parameters, mapping the damaged areas and assess
the consequences of fire. The purpose of the work is the severity assessment connected with the post-fire period on the
example of the forests in the Chornobyl Exclusion Zone. The tasks of the study are to define the area of burned zones
using space images of different time which were obtained from the Sentinel-2 satellite applying the method of a
normalized burn ratio (NBR) and method of supervised classification. Space images taken from the Sentinel-2 satellite
before and after the fire were the input data for the study. Copernicus Open Access Hub service is a source of images
and its spatial resolution is 10 m for visible and near infrared bands of images, and 20 m for medium infrared bands of
images. We used method of Normalized Burn Ratio (NBR) and automatically calculated the area damaged with fire.
Using this index we were able to identify areas of zones after active combustion. This index uses near and middle
infrared bands for the calculations. In addition, a supervised classification was performed on the study area, and
signature files were created for each class. According to the results of the classification, the areas of the territories
damaged by the fire were also calculated. The scientific novelty relies upon the application of a method of using the
normalized combustion coefficient (NBR) and supervised classification for space images obtained before and after the
fire in the Chernobyl Exclusion Zone. The practical significance lies in the fact that the studied methods of GIS
technologies can be used to identify territories and calculate the areas of vegetation damaged by fires. These results can
be used by local organizations, local governments and the Ministry of Emergency Situations to monitor the condition
and to plan reforestation. The normalized burned ratio (NBR) gives possibility efficiently and operatively to define and
calculate the area which were damaged by fires, that gives possibility operatively assess the consequences of such fires
and estimate the damage. The normalized burned ratio allows to calculate the area of burned forest almost 2 times more
accurately than the supervised classification. The calculation process itself also takes less time and does not require
additional procedures (set of signatures). Supervised classification in this case gives worse accuracy, the process itself
is longer, but allows to determine the area of several different classes.

Key words: Sentinel-2; Remote Sensing Data; NBR; burned area; Chernobyl Exclusion Zone; different time images.

Introduction monitoring the effects of forest fires and assessing
damage. Applying different methods of multispectral
space images processing, we can determine the risk
of fire distribution, define hot spots and determine
thermal parameters, mapping the damaged areas and
assess the consequences of fire.

A lot of scientists in Ukraine and in many
countries around the world are researching new
methods for determining the consequences of fire
impact using remote sensing data. Let's analyze the

Fires are the most significant causes of
disruption in plant areas, especially such as forests
and meadows. Fires are a large problem for
ecosystem as they can be beneficial and harmful in
different cases. Thus, current estimates of the
spreading and consequences of fires vegetation still
remain a problem around the world, that requires
effective solutions. Earth remote sensing and using
the satellite images play an important role when
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most important, in our opinion, works on this topic
in recent years.

In [Burshtynska, et al., 2018] work, there was a
research of Arizona state forest fire in the USA.
Space images of Landsat 5 for the period (May 30,
2011; June 15, 2011) and Landsat 7 for the period
(June 7,2011) were used in the study. In order to define
the area of fire during the period from 30.05. 2011 till
15.06.2011, methods of unsupervised and supervised
image classification were applied.

The works [Hall, et al., 2021; Boschetti, et al.,
2019; Ramo, et al., 2021] describe the problem of
identifying small areas of fires. The use of free
Landsat or Sentinel medium-resolution satellite
imagery is not suitable for this type of research. The
authors propose an alternative approach to
identifying damaged areas by fires, which allows to
test two widely available products to find a common
burn zone — MCD64AL1 and FireCCI51. It is noted
that these resources also give quite large research
errors.

In the works [Rasul, et al., 2021; Ertugrul, et al.,
2019; Lasko, 2019], the authors determine the
dynamics of increasing the large burned areas of
forest over certain periods of time using remote
sensing data from the resource MCD64A1 500m.
The main factors causing the increase of fires in the
studied regions are analyzed. However, the obtained
quantitative characteristics of the burned areas are
not analyzed in the works.

Studies [Ling, et al., 2015; Padilla, et al., 2015]
are based on the identification of damaged areas
using the MODIS satellite. Two different
approaches of burned areas determination are
compared and evaluated: MCDA45 and SPM. Based
on the obtained results, it is noted that the SPM
approach is more effective for reducing the impact
of low resolution MODIS images when mapping the
burned area.

The articles [DaCamara, et al., 2018; Bowman,
2018; Giglio, et al.,, 2018] describe the
methodology for delimiting burned areas using a
fire-sensitive (V, W) index system defined in the
near / middle IR range. These studies provide a
clearer definition of the group of pixels of the burned
areas in the images.

The works [Lasaponara and Tucci, 2019;
Lanorte, et al., 2015; Stroppiana, et al., 2015]
describe a method for determining burned areas
using vegetation indices from optical images and
radar space images of the Sentinel-1 satellite. The
proposed here approach noted that: the time-
averaged polarization ratio of VH Sentinel-1 is good
to use when mapping the burned area, which gives a
fairly accurate result; the use of Gettys-Horde spatial
statistics in combination with ISODATA (classification
without training) appropriately covers various levels
of classification of the severity of damaged areas.

Studies [Pereira, et al., 2018; Kumar, & Roy,
2018; Pleniou, & Koutsias, 2013] are dedicated to
the processing of spectral indices for identification
of burned area using OLI/Landsat-8 space images.
The various indices (NDVI, MSAVI, SAVI and
GEMI) were obtained using the red and near
infrared bands, and (NBR, BAIMmod and
MIRBImod) using the near and short wave infrared
bands. Such method was applied for images before
and after the fire. The difference between the index
before and after the fire was also calculated: dNDVI,
dMSAVI, dSAVI, dGEMI, dNBR, dBAIMmaod and
dMIRBImod. From these indexes, the authors
created six different compositions (RGB), which
were later segmented and classified in an
unsupervised manner, and then the area of interest
was identified. The results of this classification were
confirmed by control data obtained by visual
interpretation of the image. The methods showed
good classification quality, the best results show
dNBR, NBRpost-fire and dMIRBImod indices in
RGB composite.

Studies [Filipponi, 2018; Quintano, et al., 2018]
are devoted to the determination of burned areas
using the Sentinel-2 satellite. Previously, optical
images with high spatial resolution were mainly
used for mapping burned areas. The new MSI sensor
on board the Sentinel-2 satellites carries more
spectral information recorded in the spectral region
of the red edge, which opens the way for the
development of new indices for mapping the burned
area. These researches present the currently
developed burned area index (BAIS2) applied on
spectral bands of Sentinel-2 for detecting burnt
areas. Spatial resolution of image is 20 m and there
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is a processor designed to implement post-fire
mapping based on Sentinel-2 data. The images of
fire of 2017 in Italy were used to test new index in
various studies. The results show positive estimation
of the index and underline critical issues of the
Sentinel-2 data processing.

The Chornobyl Exclusion Zone is the object of
our research. In 2020, powerful fires occurred on
this territory. (Fig. 1).

Fig. 1. A fragment of the space image obtained
by the Sentinel-2 system, presented in natural colors.
Date: 12/04/202

The Chornobyl Exclusion Zone is a restricted
area that has been heavily contaminated with long-
lived radionuclides as a result of the Chernobyl
accident. The zone was established in 1986, after the
people evacuation from the 30-kilometer zone
around the station (Fig. 2).

-Jf'_"_ ’/*/w ) v
i f ﬁ«__%ﬁOPO_CTBI\'Ié 'rK'Ju'riacm:e _ J
-\;_:t,\;’l f_ --‘\I\""‘-.____:-‘\H"f‘_:_... ,__J,.’,;’.:-_: edcx | ) .,/ .
Vioaina &
p {_‘\_. _.""/‘_ ==t
Kuis =

o KuToMMp =

Fig. 2. The Chornobyl Exclusion Zone

The exclusion zone is not suitable for human
activity or activity in the economic sector.

The purpose and tasks of the study

The purpose of the work is assessment the
severity connected with the post-fire period on the
example of the forests in the Chornobyl Exclusion
Zone. The tasks of the study are to define the area of
burned zones using space images of different time
which were obtained from the Sentinel-2 satellite
applying the method of a normalized burn ratio
(NBR) and method of supervised classification.

Methods

Space images taken from the Sentinel-2 satellite
before and after the fire were the input data for the
study. Copernicus Open Access Hub service is a
source of images and its spatial resolution is 10 m
for visible and near infrared bands of images, and 20
m for medium infrared bands of images. We used
method of Normalized Burn Ratio (NBR) and
automatically calculated the area which were
damaged with fire. Using this index, we were able
to identify areas of zones after active combustion.
The space images of the Chornobyl Exclusion Zone
before the fires on April 7, 2020 and after the fires
on June 26, 2020 were composited in natural colors
and are presented, in Fig. 3 and Fig. 4 respectively.

Fig. 3. Sentinel-2 space image 07/04/2020
composited in natural colours
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Fig. 4. Sentinel-2 space image 26/06/2020
composited in natural colours

The part of area of Chornobyl zone, where the
forest was actively burning in 2020 was chosen for
the study. Space spectral images, composited in
natural colours can be used for visual assessment of
the consequences. However, in order to get
guantitative analyse and to calculate the area of
burned forest we need to digitize the damaged areas.
If the territory of the fires is significant, then this
method requires a large amount of time. If the fires
occurred in several sites, they should be digitized
separately and the process of vectorization become
more complicated. Therefore, we need an
automated approach for rapid and reliable
assessment of fire consequences. This will reduce
the time of area determination and allows results be
without significant loss of accuracy.

Results

In this research, the digitization of sites damaged
with fire in order to obtain template values of areas
has been performed. To implement this process, we
apply band composition for images with 10m
resolution (Fig. 5). After counting total areas of all
digitized sites, it was defined that the area of the
zones devastated by fires is 1223 hectares.

Calculation of the area using
the normalized Burn Ratio

To automatically calculate the areas damaged
with fire, the Normalized Burn Ratio (NBR) was
applied. This index provides the possibility

efficiently and operatively to define and calculate
the area damaged by fires, that gives possibility
operatively assess the consequences of such fires
and estimate the damage and it is calculated by the
formula:

NBR = (NIR-SWIR)/(NIR+SWIR), ),

where NIR —the brightness value of the near infrared
spectral band; SWIR - the brightness value of the
middle infrared spectral band.

Fig. 5. Digitized areas damaged after fires
in the study region

This index uses near infrared and the middle
infrared spectral bands for calculations. Figure 6
shows the indices calculated for two images: before
fires (a) and after fires (b), accordingly.

Modern GIS tools give possibility to calculate
the difference between two resulting images of NBR
for the data before and after fires. It is called the
dNBR (difference of NBR), and can be used for
estimation of the areas of different severity of burn.
Then we reclassified obtained image of dNBR
according to Table 1 and calculate the resulting
areas.

The areas of classes were calculated from low to
high levels for all severity levels. That is, the classes
were combined to obtain a single value of the area
of the fire-damaged areas. The total area of burnt
area is 1141 hectares and includes all degrees of
severity. Then we calculated the difference between
the calculated area and template area. The value is
82 ha that is 6.7 % of template area.
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a

b

Fig. 6. Image fragment with calculated normalized burn ratio indexes before (a)
and after (b) fire in the study region

Levels of burning severity used for reclassification of the dNBR image

Severity level

Enhanced regrowth, high (postfire)
Enhanced regrowth, low (postfire)
Unburned

Low severity

Moderate low severity
Moderate high severity
High severity

Calculation of the area using the method of
supervised classification

In addition, a supervised classification was
performed on the study area. This method is

Table 1
dNBR range (scaled to 10"3) dNBR range (not scaled)
-500to -251 -0,500 to -0,251
-250to -101 -0,250 to -0,101
-100 to +99 -0,100 to +0,99
+100 to +269 +0,100 to +0,269
+270to +439 +0,270 to +0,439
+440 to +659 +0,440to 0,659
+660 to +1300 +0,660 to +1,300

considered as one of the best automated methods for
obtaining areas, but it is not without drawbacks. In
particular, there is a strong relationship between the
number, size and location of signatures and the
resulting areas. In addition, post-processing of
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results is often used to improve classification
results. All these procedures complicate the
classification process, which leads to spend more
time to complete the task. The advantage is that
this approach is universal and allows you to
determine the area of different types of objects.

To implement classification, one must create
signature files for each class. Given that the study
area is dominated by forest with separate open areas
of meadow vegetation, signatures were chosen for
three classes — burnt forest, roads (which are present
in the picture) and other objects. The last class
consists of both healthy (undamaged) forest and
meadow vegetation. Since the main purpose of
the classification was to obtain the area of burned
forest, it was impractical to classify these
groups separately. Such a division should
not significantly affect the accuracy of the
classification.

Signatures were selected in several places to
obtain the best classification results. The size of the
signatures was at least 10 x 10 pixels. An example
of signature selection for a burnt forest class is given
in Fig. 7.

oy

Fig. 7. Example of signature selection
for a burnt forest class

Similar steps were performed for road classes
and other objects. After saving the signature files, a
supervised classification of the image of the study
area was performed. The classification results are
presented in Fig.8.

Comparing the results of the classification with
digitized sections, we can conclude that there is
some pixel flow between the class “roads” and other
“objects”, which was not significant for our
research. The area of burned forest according to the
classification is 1076 hectares.

Fig. 8. Classified image of the study area

The classification results can be slightly
improved by using the MajorityFilter tool. It allows
to get rid of individual pixels of one class inside
another. The processed image is presented in Fig.9.
The area of burned forest after such processing is
1082 hectares.

Fig. 9. Classified image of the study area
after applying the MajorityFilter tool

Table 2 shows the area of burned forest,
calculated according to the normalized combustion
index and supervised classification. Their differences
with the template area are also given.

From table 2 we can conclude that the
normalized burned ratio allows to calculate the area
of burned forest almost 2 times more accurately than
the supervised classification. The calculation
process itself also takes less time and does not
require additional procedures (set of signatures).
The results of supervised classification may change
slightly if we classify images with a different set of
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bands. The classification results can be improved by
post-processing data. Also, when using this

method, information can be obtained about several
classes at once, not just about the burned forest.

Table 2

Final table of differences in burned forest area, calculated according
to the normalized burned ratio and supervised classification

Calculated area, ha Templs;e area, Difference, ha Difference, %
Normallze_d burned 1141 1223 82 6.7
ratio
Supervised 1082 1223 141 115
classification
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JIOCJIIIKEHHSA JIICOBUX TTOXEX 3A JAHUMU JIMCTAHIIMHOI'O 30HAYBAHHS 3EMJII
(HA TIPUMIKJIAJII YOPHOBMJIbCHKUT 30HU BIJUY)XXEHHS)

JucranmiiiHe 30HAyBaHHA 3eMIi Bifirpa€ BaXJIHBY pOJb y MOHITOPMHIY Ta OIIHIOBaHHI HACHiAKIB JICOBUX
MOXEX. 3a JOMIOMOTOI0 PI3HUX METOAUK OIPAIIOBaHHS 0araToCHeKTPaTbHUX KOCMIUYHUX 3HIMKIB MOXKHA BH3HAYaTH
PU3UK OLMINPEHHS IMOYKEXI, BUSBIIATH Iapsiui TOUYKM Ta BCTAHOBIIIOBATH TEIUIOBI TapaMeTpH, KapTorpadyBaTH ypaskeHi
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PI3HOYACOBUMH KOCMIYHHMHU 3HIMKaMH, OTPUMAaHUMHU 3 CyMyTHUKa Sentinel-2 3a 10moMororm HOpPMati30BaHOTO
koediienta ropinns (NBR) Ta Meroauku KOHTpONBOBaHOI kiacudikaiii. BXiTHUMH HaHUMHU IS AOCIIIKESHHS
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CITYT'yBaJId pi3HOYACOBI KOCMIUHi 3HIMKH, OTpUMaHi 3 cymyTHHKa Sentinel-2 1o ta micns moxexi. 3HIMKH OTpUMaHi 3
cepgicy Copernicus Open Access Hub, i ixHst mpocTopoBa po3pi3HEHICTh CTaHOBUTH 10 M 1St BUAMMUX Ta OIM3bKOTO
iHppadepBoHOTO KaHaNiB, Ta 20 M — mia cepenHix iHdpadepBoHHX. [ aBTOMATH30BAHOTO MiAPAaXyHKY IO
TEPUTOPIH, MOIIKOKCHUX TIOKEKEI0, BAKOPHCTAHO HopMaizoBanwuii inmekce ropirasa (Normalized Burn Ratio (NBRY)).
Ie#i ingexc mpu3HaYeHUN s iIeHTrHdiKaIil TiSTHOK, e BiI0yBaloch akKTUBHE TOPiHHS. J{JIs po3paxyHKiB 1eH iHIeKC
BUKOPUCTOBY€E ONHM3BKUI Ta cepenHiil iHppadepBoHI KaHamu. /l0JaTKOBO Ha JOCTIMIKYBaHY TEPUTOPIIO 3AiHCHEHO
KOHTPOJIbOBaHY Kiacu(iKallito, Ipu IbOMY OyJIM CTBOPEHI (hailii CUTHATYp UIs KOXKHOTO Kjacy. 3a pe3yibTaTaMu
kiacudikanii TakoX OOpaxoBaHI IUIOIII TEPUTOPiH, MOIIKOMKEHUX MOXKexew. HaykoBa HOBM3HA TOJISITae B
OTPAIOBAHHI METOJUKH BHKOPUCTAHHS HOpMalizoBaHoro koedimienra ropinus (NBR) Ta koHTposiboBaHOT
knacudikamii A1 KOCMIYHHX 3HIMKIB, OTPUMaHUX N0 1 micis moxexi y YopHoOunbChKkift 30HI BimuyxeHHs.
[IpakTryHa 3HAYYIIICTH MOJATAE y TOMY, Mo nocmimkeHi Metogu ['1C-TexHONOTIH MOXYTh OyTH 3aCTOCOBaHI AJIs
BUSBJICHHSA 30H Ta OOpaxyHKy IUION] MOIMIKO/DKEHOI IOXKeXaMHu pociauHHOCTI. L[i pe3yiapraTH MOXYTh OYyTH
BUKOPHUCTAHI MiCIICBIMH OpTaHi3alisiMi, OpraHaMu caMOBpsyBaHHS Ta MHC 115t MOHITOPHHTY CTaHy Ta INTaHYBaHHS
BIJTHOBJICHH JIICOBHX Haca/KeHb. HopMatizoBaHuii iIHACKC TOPIHHS 1€ MOXKIHBICTD IIBUIKO Ta €()EKTUBHO BUSBUTH
Ta OOYMCIUTH TUIOINII TEPUTOPIH, MOIMIKOHKEHUX TOMXKEKAMH, IO TO3BOJISIE OMEPATHBHO OIIIHUTH HACTIJKH TaKHX
MOKEX Ta OIIHUTH 3aBJaHi 30MTKU. HopMaiizoBaHMI iHIEKC TOpPIHHS TO3BOJIIE OOUYMCIUTH IUIONIY TOPIJIOTO JIiCy
Maiike B 2 pa3u TOuHillle, HDK KOHTpoJiboBaHa Kiacudikaiis. CaMm mporec 00YHCICHHs TaKoX 3aliMae MEHIIEe 4acy i
He BEMarae J0JaTkoBux mpouenyp (Habopy curhatyp). KoHTpomboBaHa Kiacudikailisi B [(bOMY BHIAIKY Ta€ TipIry
TOYHICTB, CaM MPOIIEC € TPUBAJIIINM, aJIe JO3BOIIIE BU3HAYUTH IUIOIII ICKITbKOX Pi3HUX KIIACiB.

Kniouosi crosa: Sentinel-2; nani AMCTAaHIIHOTO 30HAYBAaHHS; HOPMATi30BaHUU IHAEKC TOPIHHS, TEPUTOPIi;
MOIITKOJKEHI TIoXkexkero; YopHOOMIbChKa 30Ha BiT4y KEHHS; Pi3HOYACOBI 3HIMKH.
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