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APPLICATION OF MODIS MCD45 DATA FOR BURNED AREA
CALCULATION IN BOREAL ZONE OF THE EUROPEAN PART
OF RUSSIA

Information on burned areas is very useful data for retrospective estimation of the role of forest fires. One of the
sources for this information is data obtained from the sensor MODIS. In this research, the data MODIS MCD45 was
checked for quality and availability. After the positive results the spatial and temporal analysis of forest fires and
burned areas was conducted. The tendency of distribution of forest fires across the boreal zone of the European part
of Russia was analyzed. The calculation of burned areas across the regions and landscapes was performed.
Keywords: forest fires, boreal forest, MODIS MCD45, taiga.

E.B. KoHbwKnHa

MCNOAb3OBAHUE AAHHBIX MODIS MCD45 AASl OLLEHKW NAOLLLAAEW BbIFrOPEBLLWUX TEPPUTOPUN
BOPEAAbHOTO NOANOSACA EBPONEACKOMN YACTU POCCUU

JlaHHBIE O IUIOMIA/ISX BHITOPEBIINX TEPPUTOPHH MIPECTABIIAIOT COO0M KaueCTBEHHBIN MaTEPHUAJI JJI PETPOCIEKTHB-
HOU OIIEHKH POJIU MUPOreHHOoro ¢dakTopa. OJTHIM U3 UCTOYHUKOB TaKOU MH(GOPMAILMH SBJIAIOTCA JAHHBIE CEHCOPa
MODIS. B pa6ote 6pL1a mpoBezieHa olleHKa KayectBa gaHHBIX MODIS MCD45. I1o y/1I0BJIETBOPUTEIBHBIM PE3YJIb-
TaraMm ObLT IIPOBEJIEH TPOCTPAHCTBEHHO-BPEMEHHON aHAJIN3 0YaroB BOSHUKHOBEHUS U PACIIPOCTPAHEHHUS MT03KAPOB
Ha TeppuTopuu 60peasbHOrO Nojnosica Epponerickoii wactu Poccuu. BoIsBIEHBI TEHAEHIIUY TUPOTEHHOTO (haKTOpa
B IIE€JIOM, & TAKKe 10 CyOBEKTaM U JIaH/IIa(PTHBIM 30HAM.

KiroueBble cJIOBa: JIECHBIE I0OXKAPbI, bopeasibuble ieca, MODIS MCD45, Taiira.

K.B. KoHbLuMHa

BMKOPUCTAHHS AAHUX MODIS MCD45 AASl OLLIHKU NAOLL BUTOPIAUX TEPUTOPIN BOPEAABHOTO
MIANOSACY E€BPOMEACHKOI YACTUHU POCII

JlaHi mpo IWIoIli BUTOPLINX TEPUTOPIH € AKICHUM MaTepiaioM JIJIsl PETPOCIIEKTUBHOI OI[iIHKH POJIi MipOreHHoTo dak-
Topa. OHUM i3 xepent Takoi iHdopmarii € gani ceacopa MODIS. ¥V po6ori Gysia mpoBesieHa OIiHKa SKOCTI JaHUX
MODIS MCD45. 3a 3a7I0BUIbHUMHU pe3yJIbTaTaMU OyB MPOBEJIEHUI TPOCTOPOBO-YACOBUI aHAJII3 OCEpEeKiB BUHUK-
HEHHs Ta MOIIUPEHHS MOXKeXK Ha TEPUTOPii bopeaTbHOro mifnosicy €Bporelicbkoi vactunu Pocii. BusiBiieHo TeH/ieH-

ii mporeHHOroO haKTOPA B IJIOMY, @ TAKOXK 32 Cy0 €KTaMH 1 JTaHAIIa)THUMHI 30HAMH.
KarouoBi ciroBa: J1icoBi moskeski, 6opeasnpHi sticu, MODIS MCD45, Taiira.

Introduction. Fire is an inevitable natu-
ral part of the functioning of many forest eco-
systems. Fire is one of the natural forces that
have influenced different ecosystems over time
and as a natural process, it serves an important
function in maintaining their health. In bore-
al ecosystems, fires play role of a natural driver
of vegetation dynamics.

Boreal forest is a mosaic of species. It varies
from pure deciduous through the mixed decid-
uous, coniferous to pure coniferous stands. The
diversity of this mosaic has to do with numerous
fires, which have occurred on different land-
scapes for a long period of time. These fires dif-
fered in severity, size, frequency, etc.

Actuality. Recently, forest fires have become
more frequent and severe due to human activity
and economic development. During the summer
2010, forest fires had enormous ecological and
economic impact on the territories of the Euro-
pean part of Russia. Huge areas were burnt, in-
cluding protected areas. An understanding of fire

regimes can help in monitoring, preventing and
protecting from forest fires in the future.

Objectives: The analysis of the MODIS
burned area data in conjunction with secondary
GIS data, such as administrative boundaries as
well as land cover and protected areas, will pro-
vide fire statistics of the area burned per year
and month (in square kilometers), administra-
tive area, landscape zones. The results of the GIS
analysis provide a basis of understanding of the
fire occurrence, and its spatial and temporal pat-
terns in European boreal forest and may help in
defining important parameters of the existing
fire regimes in forest of European part of Russia.

Data and methods.

MODIS burned area data. MODIS Burned
area data (MCD45) were obtained as GeoTIFFs
from the Server of the University of Maryland,
and as HDF files from NASA (this is the offi-
cial distribution). The two products differ in file
format, extent, projection, and the amount of
metadata and Quality Assurance (QA) informa-
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tion, as well as data processing. GeoTIFFs are
easier to use to reach the current research goals,
as GeoTIFFs can be easily ingested by standard
GIS software [2]. Due to the data processing ap-
proach, the HDF data contain temporal overlaps
between the different months, for instance, each
monthly dataset contains burned area informa-
tion from the last days of the previous, and the
first days of the following months. These over-
laps have been removed in the GeoTiff prod-
uct [4]. We decided to base our analysis on the
GeoTIFF files.

GIS Data. The GIS data were provided by
Moscow State University or obtained from open
sources. For the current analysis, the shape files
of Administrative areas and landscape zones [1]
were taken.

Methods. This section describes the methods
which were applied to the data for extraction of
the burned area statistics. These steps included
projection, data quality analysis, complex of ac-
tions for intersection of data.

Data pre-processing. All data (MODIS
MCD45) and GIS data were projected to Cylin-
drical Equal Area. These projections a bit distort
the northern territories, but as these areas natu-
rally have a small number of forest fires, so this
won’t alter the results heavily. There could be
some overestimations which won’t influence on
overall statistics.

MODIS data analysis. Before conducting the
spatial and temporal analysis of burned areas
MODIS information was estimated and quality
check was performed. These steps included:

— calculation of months without data retriev-
al due to clouds, aerosols or other problems for
each pixel and year (no yearly data counted);

— calculation of months without data retriev-
al due to clouds, aerosols or other problems for
each pixel and all year (no data count for tempo-
ral analysis window);

— calculation of months in a fire season with-
out data retrieval due to clouds, aerosols or other
problems for each pixel position and all year (no
data count for analysis window in the fire season).

Results.

Data availability and quality. Data availabili-
ty of the burned area data is restricted by clouds
and haze. The analysis shows that amount of
No Data pixels decreases from the north to the
south. This indicates that especially in the north-
ern part burned areas may be missed due to fre-
quent cloud cover. The validity of the burned area
analysis of these regions may therefore be com-

promised. However, this discrepancy is within
15—25%. During the fire season, the sum of the
burned area can be underestimated by 10-15%.

Figure 1 shows the seasonal distribution of No
Data. The analysis showed that the maximum
number of No Data is detected during winter
months and November. But these months have
the lowest natural fire risk. So, this fact won’t af-
fect heavily the results. However, some informa-
tion on burned areas can be compromised in Au-
gust of 2011, 2008 and 2001. Also quite a decent
gap in available data exists in September 2011,
March 2007 and April 2002. For other months
the data is reliable.

Burned area in boreal zone. Big areas of bo-
real forests in the European part of Russia are
mapped as burned by MODIS MCD45 product.
During the fire season these areas vary from
14 to 2115 square km. According to MODIS
MCD45 data years with the highest fire risk and
the largest burned areas are 2010, 2000 and
2002. Conducted analysis shows that more than
30% of the total burned areas occurred during
the fire season of 2010.

Considering the seasonal distribution of
burned areas, two types can be defined: spring
and late-summer forest fires. Forest fires of the
first type occur during spring, some time after
the snow melts and till the moment when trees
are leafed out. For the second seasonal type, for-
est fires occur during the summer, sometimes
with the peak in August-September due to very
dry spring and summer. The analysis shows that
the largest burned areas are detected in August
2010 and 2002, in July 2000 and 2010, in June
2000 and in May 2006 and 2010.

The maximum average burned areas were
detected in August, where mean yearly burned
areas exceed 200 square km. The second month
with the largest burned areas is July. During
this month, the mean yearly burned area is
134 square km. The third and the forth months
are April and May with average 85 and 60 square
km burned every year correspondingly.

In addition, an analysis was conducted regard-
ing the mean size of the fire. This is the ratio of
the total burned area and number of forest fires.
Mean fire size denotes the average size in units
of area, of the individual fires that occur across
a landscape of interest within the given period
[3]. The mean fire size during the late-summer
period is bigger than the one during spring fires.
Thus, the mean fire size of spring forest fires var-
ies between 0,32 and 0,48 square km. For the
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summer fires, the mean size is within the range
of 0,54 and 0,57 square km.
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Fig. 1. Area percentage of boreal forests in
European part of Russia with no data from
2000-2013.

Burned areas and administrative areas.The ost
fire-affected regions are located in the south
part of the target area. The most vulnerable
territories for the forest fires are the areas
of Smolensk and Pskov region. Mean yearly
burned areas in these regions are 97,74 and
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76,62 square km correspondingly. Decent
burned areas are also detected in Ryazan’,
Nizhniy Novgorod and Kaluga regions. Mean
burned areas of these territories are 50,94;
44,82 and 43,99 square km correspondingly.
The distribution of mean burned areas across
the regions is shown on Figure 2.

Burned areas and boreal landscapes. Across
the territory of the northern taiga under the
study period, the largest burned areas are detect-
ed in 2011 and 2013. The areas burned during
these years make up more than 56% of the total
burned area in the northern taiga.

In the middle taiga, the most affected year was
2010. During this year, the forest fires blighted
more than 50% of the total burned area.

In the southern taiga, there were a many years
with a high fire risk. Approximately 10-15% per
each year of the total burned area in this zone is
divided between 2002, 2003, 2006, 2007, 2008,
2009 and 2010.

In the mixed coniferous forest, the biggest
burned areas are detected in 2010, 2009 and
2002. These years make up more than 75% of the
total burned area in this zone.
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Conclusions. Forest fires are an important  area are Smolensk and Pskov regions. The largest
factor of functioning and dynamics of manynatural ~ burned areas are detected on the territory of mixed
ecosystems. Forest fires occur across all territories ~ coniferous forests and southern taiga.

of the boreal zone. After analysis of remote sensing Reviewer:
data, the most affected by fires region in the study PhD in Geography N.N. Kalutskova
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O.l. CiHHaq, A.1O. ¥TeBcbkui, B.C. Monos
XAPKIBCbKMM HALLIOHOABbHMIM YHiBEpCUTET imeHi B.H. KapasiHa

LI.I/ICPISOBE MOAEAKOBAHHSA PEABEDY AHA AKBATOPIN
Y PAMOHI YKPAIHCBKOI AVHTAPKTI/I‘-IHO'I' CTAHUIT
(AKAAEMIK BEPHAACBKNINY

V¥ crarTi BUKIaIeHO 1OCBi po3pobku nmudpoBux mozesen peabedy (LIMP) qHa akBaTOpill y palioHi yKpaiHChKOI aH-
TAPKTUYHOI CTaHII] «AKkasieMik BepHajchkuii». Orasamosi udpoBi Mo/iesTi CTBOPEHO 13 BUKOPHUCTAHHAM iCHYIOUHX
HaBIraIiiHUX Ta GATUMETPUYHUX KapT, 3TO/IOM iX /IETaJi30BaHO HA OCHOBI JJAaHMX €XOJIOTHOI 3HOMKH, 3/1iHCHEHOI
IIiJT Yac Ce30HHUX EKCIIEIUIIIHUX JIOCTIPKeHb 2014 P. [Ipu 06po6iIri Ta Bidyastizariii JaHUX 3acTOCOBaHI reoiHdop-
MariiiHi ta BeO-TexHoJiorii. [IMP ciyryioTh OCHOBOIO JIJIsi KOMIIEKCHOTO BUBYEHHS IiZ[BOHOTO GiOpi3HOMAHITTS
Ta OBIPYHTYBaHHS i/iei CTBOPEHHs MOPCHKUX OXOPOHHMX paroHiB y mpotokax Stella Creek ta Skua Creek mo6siusy
craHIii «AkasieMik BepHachKuii».

Kiarouosi ciaoBa: mudposi mozesni penbedy (IIMP), AHTapKTHKa, 610pi3HOMAHITTA, MOPCHKI OXOPOHHI paioHH,
I'IC.

E.U. CeHHas, A.1O. YTeBckui, B.C. Monos

LLUPPOBOE MOAEAUPOBAHUE PEAbE®PA AHA AKBATOPUM B PANOHE YKPAUHCKOM AHTAPKTUMECKOW
CTAHLLUM «AKAAEMUK BEPHAACKUIn

B craThe u3102KeH ONMBIT pa3paboTku MUbPOBBIX Mozesiell peabeda (IIMP) nHa akBaTopuil B paliOHe YKPAaUHCKOH
AQHTAapPKTUYECKOH cTaHIUU «AkaneMuk BepHasckuii». O630pHbIe ITU(MPOBBIE MOIETH CO3/IAHBI C UCIOJIb30BAHIEM
CYIIECTBYIOIUX HABUTAI[MOHHBIX U GATHMETPHUECKUX KapT, B IMOCJIEACTBUN MOJIENHU I€TATU3UPOBAHBI HA OCHOBE
JIAHHBIX 9XOJIOTHOU CHEMKH, OCYIIECTBIEHHON BO BPEMsI CE30HHBIX DKCIEAUIIMOHHBIX UCCIEIOBAaHUN 2014 T. [Ipu
00paboTKe 1 BU3yaTu3al[ii TAHHBIX TPUMEHEHbI TeONH(MOPMAIHOHHbIE U BeO-TexHosoruu. [IMP city?kaT OCHOBOH
JUIS. KOMIUIEKCHOTO U3YUYeHHUs MO/IBOTHOTO 6MOpa3HOo06pasus U 060CHOBAHUS U/IEN CO3/IAHUS MOPCKUX OXPAHHBIX
paiionoB B nmpostuBax Stella Creek u Skua Creek B6iu3u craniuu «AkaieMuK BepHaackuii».

KiroueBble ciaoBa: nubposbie mozenu penbeda (IIMP), AntapkTuka, 6HopazHooOpasue, MOPCKHE OXpaHHbIE
paiionsr, I'MC.

O.l. Sinnq, A. Yu. Utevsky, V.S. Popov

DIGITAL SIMULATION OF THE SEA-BOTTOM RELIEF NEAR THE UKRAINIAN ANTARCTIC STATION

«ACADEMIC VERNADSKY»

The article describes the experience of the development of the digital terrain models (DTM) of the sea-bottom near the
Ukrainian Antarctic Station «Academic Vernadsky». Survey digital models were created by using existing navigation
and bathymetric maps; later, models were based on detailed data of the echolocation survey that was conducted during
the seasonal field research in 2014. During the processing and visualization of data, GIS and web technologies were used.
DTMs provide the basis for a comprehensive study of underwater biodiversity and support the idea of the establishment
of marine protected areas in the Stella Creek and Skua Creek straits near the station «Academic Vernadsky».
Keywords: digital elevation model (DEM), Antarctica, biodiversity, marine protected areas, GIS.
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