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Atmospheric Emissions Of Hazardous Pollutants Due To Wildfires

A wildfire is one of the most important sources of various trace gas
and aerosol emissions into the atmosphere. The bulk of these

emissions consists of CO, CO,, and fine aerosols (PM, ;). Polluting the
atmosphere, these emissions disrupt the planet’s radiation balance and
negatively affect human health. Totally, 20 % of global emissions on the
planet are due to wildfires.

For the regions of Northern Eurasia, with huge reserves of carbon
stored in biomass, the problem of wildfire monitoring and emission
volume estimation is particularly significant.
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Reception area of satellite data by ground station of ISR
«AEROCOSMOS»
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Functional scheme of the system of wildfires space monitoring and evaluation
of emissions volumes, developed at ISR «<xAEROCOSMOS»
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Linear-nodal algorithm for analysis of low-resolution

data
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Block diagram of overlay calculation taking
into account the non-overlapping blocks in a
linear-nodal algorithm

Subsets of operand contours having intersection with
another operand and respectively involved in the
calculations according to the algorithm

Contours having no intersections with the contours
of the other operand
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JInHenHoO-y3Nn0OBOM anropMTM aHanusa faHHbIX HU3KOro
paspeLieHus

Kaxgbln 13 onepaHaoB npeaBapuTenbHO pa3buBancs Ha
rpynnbl KOHTYPOB (Aanee Takasi rpynna HasblBaeTcs
CNoeM), Takue, YTO BHYTPU KaKon Takow rpynmnbl

KOHTYpPbIl HE NepeceKarinco:

with
correction

e
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[lanee cnou nocrnegoBaTteribHO (g)
) A¥,g=G..1
obbeanHsaATCA:

.

without
correction

T
< omepana 4=l 4, >

OBHY ML pacTp,
Hauatb nepedop (i=1)
B3ATb ouepesHOi KOHTYp A,

Mpumep paboTbl NMHENHO-Y3NIOBOrO anroputma npu

Uckniounts A,

WAL 4=\ 4, YCIOBUM Hanu4us nepecekarolmnxcs puryp B oqGHOM
onepaHge
,CloGaavn'bAi
RN Gk Anroputm pa3bueHusi Ha cnou. B pesynbrate ucnonHeHus
* A¥=494 4, o
P anroputmMa nosfly4yaeTcsi HEeCKOSIbKO CJI0€B, B KaXaom wu3
_Oenacs 4, pa KOTOPbIX coAepXaTCA B3aMMHO Henepecekawwuecs
B pacTpe P 3anonHuT B pacTpe
Sayem? KOHTYpbl. Cnon ¢ GonbwWUM MNOPAAKOBbLIM HOMEPOM
~ copepXaT MeHbluee KOJIMYEeCTBO KOHTYPOB, MNOCKOJIbKY

OCHOBHOE KONMYECTBO NOXapoB AeTeKTupyeTtcs
CpaBHMUTENbHO Maroe 4YMCno pa3, a MHOroKpaTHble

o /”n}; ;Kec;:\;\\ OGHapyXeHUA ecTb NULIb AN HECKONMbKUX M3 HUX. MoaTomy
> cnoun o6bLeANHAIOTCA HaYMHas C MEHbLUMX HOMEPOB, C Lienbio
YMEHbLUEHUSA KONM4YecTBa BbIYMCIEHUMN.

g=g+l lﬂepeﬁpanbl sce 4,€4
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Classification of burnt areas

C(T, p) - classifier, function that has a value of 1 for the pixel of the burnt area, O - if
otherwise. It is possible to have the value of the classifier in the range [0, 1] - the
probability that it is the pixel of burnt area;

p - pixel;

T - set of precedents

For a timepoint , the precedents are a set of pixels where the fire was recorded at

the studied time interval, but extinguished some time ago.

Denote this time as . Then,




AnNroputMm yTO4YHEHUSA AaHHbIX HU3KOTO NPOCTPAHCTBEHHOIO
pa3peLlueHns No AaHHbIM CpeaHero paspeLueHus

Ona kaxgoro u3obpaxeHus cpedHero MNpOCTPAHCTBEHHOIO paspeLleHus
paccuntbiBaetcss Tpyu uHgekca: NDVI, GEMI n BAI. [anee npoucxogut
BblYUTAaHME OOHOMMEHHBLIX WHOEKCOB, KOTOpPOE BbISIBNAET Mnowagb
npongeHHyt orHém. [laHHas onepauuns NpoaesnbiBaeTca AN KaK4oro n3 Tpéx
nHgekcoB. OOwas mnowanb, NpongeHHas OrHEM, arpernpyercsd mno TpEM
Pa3HOCTHbIM MHAEKCAM W MEPEBOAUTCA B BEKTOPHbLIM ¢hopmat. lnowaaw,
NMPOMAEHHbIE OFHEM, MO [AaHHbIM HUW3KOrO0 paspeLlleHnss YTOYHSAITCA Mo
OaHHbIM CPEOHEro paspeLUeHus.

NDWI (Normalized Difference Water Index)
NIR - RED
NIR+ RED

NDVI =

NIR - near-infrared wavelengths
GEMI (Global Environmental Monitoring Index)

NIR+ RED 4 0,5
BAI (Burned Area Index)

(pcg = pir)? + (PChir = Pinir)?

Il

pcr P;ir reflectivity of the center of convergence to the
burned areas in R and NIR, with values of 0.1 and 0.06.

O603HauYMM OLEHKY nnowaau BbiropeBluen
obnactu ¢ koopauvHatamum (X, ¥) B MOMEHT
BpeMeHum (t):
- MO JAHHbBIM HU3KOro paspeLLeHns
SL(x, y,t)= S,.L

- N0 AaHHbIM CpeaHero paspeLlleHnd

S"(x,y,0)=S8/

HDanee uncnonb3yetcsd Mmetoan ycpegHeHuss no
BCeM AaHHbLIM:

[JaHHbIN MeTOA NO3BONAET Nosfly4aTb TOYHOE
3Ha4yeHue nnowaann, NPonaeHHOW OrHémM no
OaHHbIM HU3KOro pa3peLueHus.
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"ﬁetectlon of Fire Sites and Calculation of Wildfire Areas
Using Low Resolution Data

1 km resolution and 2300 km swath MOD14/MYD14 product of MODIS
instruments of Terra and Aqua satellites is used to detect fire sites and calculate
wildfire areas.

Wildfire sites in Russia detected by Fires in the Amur Region
MODIS instrument in May 2015 June 22, 2015




Verification Of Wildfire Area Estimation Using Low And Mid Resolution
Satellite Data

1. Selection of the survey region (a locality
in Yakutia, April — May 2011)

2. Calculation of wildfire areas using low
resolution (1 km) data (MODIS
instruments of Terra and Aqua satellites)

3. Calculation of wildfire areas using mid

resolution (30 m) data Landsat 5 Thematic
Mapper

Survey region

Wildfire areas in the surveyed Satellite image with highlighted
region using low resolution data

) burned area in the surveyed region
(oJOlRl, e 2 LG SeiEl i) obtained by TM instrument of Landsat

5 satellite




Verification Of Wildfire Area Estimation Using Low And Mid Resolution
Satellite Data

Burned area according to MODIS | 39884 km?
data

Burned area according to TM 35416 km?
(Landsat 5) data

Satellite image with highlighted burned
areas in the surveyed region obtained by TM
instrument of Landsat 5 satellite and MODIS

instruments of Terra and Aqua satellites

By the comparison of the results from wildfire area calculations obtained using
various spatial resolution data, a correction factor k equal to 0.889 has been derived.
Such a correction coefficient can also be calculated for every area of the studied region
and used for the correction of wildfire area calculation results using low resolution
satellite data.




METHODS FOR THE ESTIMATION OF TRACE GAS AND AEROSOL
EMISSIONS DUE TO WILDFIRES

Method of estimation of the volume of CO, CO2 emissions and aerosols by wildfires, based on the
application of the formula Seiler-Crutzen, supplemented with the correction coefficient k, obtained as

a result of experimental studies.

E=kxAxBxCxD

A — fire area (m?);

B — biomass density in the burned area (kg/m?);

C — biomass combustion completeness (%);

D — emission factor (mass of the matter emitted into
the atmosphere during combustion of 1 kg of biomass
(9/kg);

E — total matter emitted into the atmosphere during a
wildfire (g).

k — correction coefficient obtained by low and mid
resolution data comparison.

A, fire area is calculated based on satellite data
and accounts for k coefficient.

To determine vegetation types and characteristics
within the selected research area, the state-of-the-
art Land Cover Type Yearly L3 Global 500 m SIN
Grid vegetation map (500 m resolution) is used.

Object Classification
I water [ | savanna
- Evergreen conifer forests :] Meadow/Pasture
I Broadiived forests [ Bogs
I pecidious forests with a portion of coniferous | | Agricultural lands
I Mixed forests with dominating decidious I vrban areas
- Mixed forests —] Agricultural lands with meadows
77| Dense bush [ | snowilce
:l Decidious bush :] Sparse vegetation

Savanna with a portion of trees

Land Cover Type Yearly L3 Global 500 m SIN Grid
Vegetation Map




Burned Areas and Emission Volumes in the Russian
Federation Due To Wildfires (2010 - 2016 rr.)
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Burned areas in 2010-2016 in the Russian
Federation (thous. km?)

|

i il

anpejap  Maii HIOHb  MIOJb  aBIYCT CEHTAOPb OKTAOPHL

CO emissions in 2010 — 2016 in the Russian
Federation (min. tons)
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anpeJb Mai HIOHb HIOIb  aBIYCT CEHTAOPH OKTSAOPH

CO, emissions in 2010 — 2016 in the Russian
Federation (min. tons)
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anpeJjb Mai HIOHb HIOJIb  aBIYCT CeHTAOpPb OKTAOPH
PM, ;s emissions in 2010 — 2016 in the Russian
Federation (min. tons)
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