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NMpupoaHbie noXkapbl

ExkerogHo npupoaHble NoXKapbl 3aTparMBatoT 0KoJ10 4% Bcell 3eMHOM PacTUTENbHOCTU. OHU
MOTYT BO3HMKATb B PA3/INYHbIX Ha3eMHbIX 3KocucTemax, oT Cubupckoi TyHAPbI A0
TPOMUYECKUX AXKYHINEMN.

MpupogHbie NoXKapbl MHOrOO6pPa3sHbl, OT MeANEHHbIX, FTOPALLMX MecALAMN TOPPAHDIX,
HWU30BbIX JIECHbIX, PACNPOCTPAHAOLWMXCA NO NOACTUAKE M onaay co ckopoctamu 10 - 100
M/4ac, 1 4o TpaBAHbIX, CKOPOCTU KOTOPbIX MOTMYT AOCTUIaTb AECATKOB KM/IOMETPOB B Yac.
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Xumunueckme n dpusmnueckme ocCHOBbI Pa3BUTUA NOXKAPOB

B ocHOBe NpUPOAHbIX MOXKAPOB NeXKAT XMMUYECKUEe NPOoLEeCcCbl TEPMMUYECKOM Aerpagaumm
ropoYnx matepuanos (Lennrn03a, MUrHMH):

- uponus

- [opeHue NpoayKTOB NMPOAM3a

Bolaenaemas aHeprusa MAeT Ha Harpes, CYLKY U NMMPOAM3 HOBbIX TOPHOYMX MaTepmasioB
(camonoaaeprkuBaroLLMinca npouecc)

C p131MYEeCKON TOUKM 3pEHNA Pa3BUTME NOXKApPa ONpeaenaeTca npoueccamm
TensionepeHoca:

- W3nyyeHune

-  KoHBeKuuAa

- ®un3MYecKni nepeHoC ropAawmMx MaTepmnanos

Harpes Bo3ayxa B pe3ynbTaTe ropeHus BAMAET Ha BO3AYLUHbIE NOTOKM B BiM3nexKaLmnx
0621aCTAX, YUTO TaKKe BAUAET Ha NpoLuecc TensonepeHoca.



dU3nKo-XxMMmuUyeckme moaenm NnpUpoaHbIX NOXKapoB

Ha ocHoBe pM3MYECKUX U XMMUYECKNX Mogenen moryT bbiTb cGopMynmMpoBaHbl MOAENMN:
1. Moagenn A.M. pULLIMHA — pacnpoCcTpaHeHMe NorXKapa B HEOAHOPOAHOMN PEAKLNOHHO
cnocobHom cpeae, C y4eToM 3aKOHOB COXPaHEHUA U NepeHOoCca MacCbl, SHepPrus,

MOMEHTa B MHOrodasHomn cpeae.
pnwnH A. M. n gp. MatemaTtuyeckne mogenn necHolx noxkapos. — 1981.

2. Mogensb IA. [loppepa — noxKap Kak Npouecc pacnpocTpaHeHms 6eryuen BosHbI,
COCTOALLEN U3 JIOKA/IbHbIX 04aroB, OCHOBAHHble Ha BaslaHCce TEN0BOM SHEPTUM U

BelwecTBa.
Hoppep I A. IMHamKnKa necHbix noxxapos. — 2008.

3. WEFDS — 3D mopgenb TpaBaHbIX NOXAapOoB, yYMTbIBAIOLW,AA B3aUMOAENCTBUE C
aTmochepon, BKHOYAET MoaeInpoBaHme TypbyneHTHoCcTU. Ana mogennposaHma 100 ¢

Pa3BUTUA NOXKapa notpeboBanochb 44 BbIYMCAUTENbHbIX Yaca.
Mell W. et al. A physics-based approach to modelling grassland fires //International Journal of Wildland Fire. — 2007. —
T.16.—Ne. 1. -C. 1-22.

[AnvutenbHoe Bpema pacyeta GU3NKO-XUMUYECKUX MOAENEN 3aTPYAHAET UX NPUMEHEHUE B
NPAKTUYECKUX 3a[a4aX, 418 peeHNs KOTOPbIX MPUMEHAIOT Pa3/inYHble YNPOLLEHHbIE
Mmoaenn.



OcHOBHbIE npouecchbl B pa3ssnuTnn NnoxKapos

Ha «MaKpoypoBHE» pa3BUTUE NOXKAPOB 3aBUCUT OT MHOTUX PaKTOPOB. BbinosnHeHue
MHOXeCTBa U3MEPEHWNI U SKCNEPMMEHTOB NO3BONAET YCTAHOBUTb B3aUMOCBS3b MEXKAY
XapaKTEPUCTUKAMM NOXKapa M YCIOBUAMU rOpeHmna. B uncno Taknux ¢paktopos BXOAMT BETEP:
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OcHOBHbIE npouecchbl B pa3ssnuTnn NnoxKapos

CKopocCTb GPOHTOBOrO PacnpoCTpaHeHUs
BNAXKHOCTMU.
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OcHOBHbIE npouecchbl B pa3ssnuTnn NnoxKapos

Ha cKkopocTb pacnpocTpaHeHus noxapa BaunsaeT penbed. PacnpocTpaHeHWe noxkapa B
HanpaBAeHUU, HECOBNAAAOLWMM C HanpaBAeHUEM BETPa, 3aBUCUT OT CU/Ibl BETPa.
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IMnNupuryeckme moaenm NnpMpoaHbIX NoXKapos

Ha ocHOBe no/siy4eHHbIX 3aBUCMMOCTEN MOTYT BbITb MOCTPOEHbI SMMUPUYECKME
(MMUTALMOHHbIE) MOAENM MOXKAPOB, HANPUMEP:

1. Mopenb (Rothermel 1972), n ee nporpammHble peanunsaumu: Farsite, Behave.
[MocTpoeHa Ha OCHOBE PU3NYECKOM aNNPOKCUMALLUM BANAHUA XaPaKTEPUCTUK rOpHoYero
MaTepuana Ha AMHAMUKY NOXKapa, C SIMNUPUYECKMMU KOPPEKLMNAMMU AN yYeTa BINAHUSA
BeTpa u penbeda.

2. Mogpgenb (Canadian Forest Fire Behavior Prediction System, 1992) u ee peanusauus
Prometheus (Tymstra 2010). OcHoBaHa Ha Habope aMNUPUYECKUX YPaBHEHUN,
OMNMCbIBAOWMX 3aBUCUMOCTb AMHAMMKU NOXKapPa OT KOMNOHEHT KaHAACKOro NOXapHoro
NHAOEKCA.

3. prrlrla aBCTpaﬂMﬁCKMVI MO,EI,EI'IEI‘/? (Cruz M.G. n ap. Assessing improvements in models used to operationally predict
wildland fire rate of spread // Environmental Modelling & Software. 2018. T. 105. C. 54—63). Ha6op IAIMMNPUYHECKUX
MO,EI,EJ'IEVI, OnMmncCbiBalOLWMX PACPOCTPaHEHNE NMOXKAPOB B PA3/INYHbIX SKOCUCTEMAX
ABCTpanuu.



MoaennpoBaHue pacnpocTpaHeHUs NoXxapa

[1Be OCHOBHble cXeMmbl MO ENNPOBAHNA PA3BUTUA: PACTPOBAA U BEKTOPHAA.

BeKkTopHbIN noaxoa 06bI4HO TpebyeT YCTaHOBKM Habopa MapKepoB No NepUMETPY NoXKapa,
X AMHAMWKa onpeaenseT AMHaMUKY BCEero nepMmeTpa.

PaCTpOBaH cXemMa OMUucbiBaeT pacnpoCcTpaHeHe Ha CeTKke, MOoAE/1b 3a4a€eT NMpaBnJ/ia

PacnpoCTpaHeHMA NoXKapa U3 0AHOM KNETKU B APYrYIO.

a b

Figure 10.

Application of Huygens' principle to simulate fire growth. a. Points of origin (vertices) for wave propagation are identified around the fire

perimeter (red crossed circles) at time #. b. Elliptical firelet growth over elapsed time A (red shaded ellipses) is projected using spread functions. ¢. The
new fire perimeter at time 7+ Az is drawn as the tangential envelope of the firelets in Fig. 10b.

Figure7.  An eight-point cellular automata method to calculate
directional rate of spread. ¢ = angle from the wind direction
vector to the vector from the burning cell to an adjacent cell, R =
rate of spread in the southwest direction, @ = angle of the wind
direction vector. The dashed arrows represent the eight spread
directions. The difference between the modeled and actual spread
direction can be up to 22.5°, 11.25%, or 5.6” for models with 8-, 16-,
and 32-point symmetric adjacency templates, respectively.

Wind

/v direction

1.5:1

8 points

PUCYHKM B3ATbI M3 paboThbI
Tymstra C., Northern Forestry
Centre (Canada). Development
and structure of Prometheus
the Canadian Wildland Fire
Growth Simulation Model.
Edmonton: Northern Forestry
Centre, 2010.
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Mpumep smnupuyecKoir mogenu NpUPoLHOro Noxkapa

T=Ti+0vacos . Mopenb ocHoBaHa Ha cucteme Canadian
CTOYHWK . . ..
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Mpumepbl pe3ynbTaToB MoAe/IMPOBAHUA

Pe3ynbTaTomM MOAENMPOBAHUA MOTYT ObITb MPUPOCT NOXKapa, N30MHUM NONIOKEHUA GPOHTA

NnoXapa B Ppa3Hbleé MOMEHTbI BpeEMEHU, MHTEHCUBHOCTb rOpeHNA U MHOTHUE Apyrue
XaPaKTEPUCTUKHN.
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Color plate 6—Surface fire shapes and intensity patterns change
when the fire encounters fuel type changes on flat topography and

Jlecenoa Figure 26.

Thirty-five-minute simulation output in the Prometheus Map View using a distance resolution —1 i
ey of one grid cell (25 m) and a display interval of 5 min. The colors represent different fuel types (gray is Ims open WIndSpeed' (A) No fuel Change' (B) Block of faster fuel.
H . € (-2, beige is 0-1a, and blue is C-1). The red circle represents the ignition point, and the black dots represent
- CrOPAMIIT TIII IIOBEPXHOCTI the individual vertices along the fire perimeters.
I [Tromame mpotinermag ormem S,
Ha MOMEHT Havajla MOJEINIPOBAHILL 42 12 s

- ARTHBHAT 0OTACTh TOPEHITT
Ha MOMEHT Hawana MOJIeMIpOBaHILs Tymstra C., Northern Forestry Centre (Canada).
[ Tporsos pacnpoctpasera dporTa Development and structure of Prometheus the
Canadian Wildland Fire Growth Simulation Model.
Edmonton: Northern Forestry Centre, 2010.

Finney M.A. FARSITE: Fire Area Simulator-model development
and evaluation. Ft. Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station, 1998.

NCAM-Pocnecxos
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BepoATHOCTHOE moaenmpoBaHMe pa3BUTUA NOXKapa

3HaunTeNIbHaA CTeNeHb HEOI'Ipe,EIIEJ'IeHHOCTef;I 7 I'IOI'pELLIHOCTGVI B YPAaBHEHUNAX MO,CI,GIIEVI n UX
BXOAHbIX AaHHbLIX AEeNaEeT BO3IMOXHbIM NMpUMeHeHne noaxoa08 BepPOATHOCTHOIO
moaennpoBaHmMA NoOXXapos.

BapbupoBaHuMe BXOAHbIX AaHHbIX M NAapamMeTpoB moaenen no metogy MoHTe-Kapno
NO3BO/IAET N0/Iy4aTb BEPOATHOCTHbIE MPOrHO3bl Pa3BUTUA MOXKAPOB:
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62.200

BepoATHOCTHOE moaenmpoBaHMe pa3BUTUA NOXKapa

[laHHbIA Noaxoa MOAENINPOBAHUA NO3BONAKOT OLEHUTb BEPOATHOCTb AOCTUMKEHMUS MOXKAPOM
6an3nexawmx o6 beKTos.

BepOFITHOCTHOG moaennpoBaHmMe MOXKET UCIMOJ/Ib30BATLCA A/1A OUEHKUN YIpO3 CO CTOPOHDLI
Nnoxapos B YC/TOBUAX H6onbLInX HEOI'IpE,EI,EﬂEHHOCTEVl, Unn ana goaroCpoyYHoro
NPOrHO3NpPOoBaHMA NOTEHLUMAJTbHbIX I'IOC]'IG,EI,CTBMVI NOoXapoB..
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Xsoctukos C.A., baptanes C.A., /lynsaH E.A. BeposiTHOCTHOE NPOrHO3MPOBAHME PA3BUTUA Finney M.A. n gp. A Method for Ensemble Wildland Fire

NPUPOAHbIX NOXKapoB MmeTogoM MoHTe-Kap/io Ha OCHOBE MHTErpauum B UMUTaLMOHHYO Simulation // Environmental Modeling & Assessment. 2011. T. 14
MO/ieNlb AaHHbIX CMYTHUKOBOTIO AEeTEKTUPOBaHMA ouaros ropeHuns // CoBpemeHHble npobiemsl 16. Ne 2. C. 153-167.

OUCTAaHUMOHHOIO 30HAMPOBaHMA 3eMan n3 Kocmoca. 2016. T. 13. Ne 5. C.145-156.



CNyTHUKOBbIN MOHUTOPUHT U MOAENNPOBAHUE NOXapoB

[laHHble ANCTaHLUMOHHOIO 30HAMPOBAHUA MOTYT NPEeAoCTaBAATbL HeobxoaMmyo Ans
MoAEeNMPoBaHNA MHGOPMALMIO 00 YCIOBUAX TOPEHUA:

1. Penbed (SRTM, ASTER)

2. Macku BogHbix o6bekToB (MODIS)

3. KapTbl roptouynx matepumanos (3agaya KaptTorpadmnpoBaHMs 3eMHOIO NOKPOBa)




CNyTHUKOBbIW MOHUTOPUHT NPUPOLHDbIX NOXAapPOoB

CnyTHUKOBbIM MOHUTOPUHT NPUPOAHbIX
NOKapoB NpeaocTaBasaeT 60ablon obbem
AaHHbIX 06 UX AMHaMUKe.

B ocHoBHOM aaHHble [133 npeacTaBaeHbl:

1. CHMMKamu BbICOKOrO
NPOCTPAHCTBEHHOIO M HU3KOTO
BpemMeHHoro paspelweHua (Landsat,
Sentinel 2)

2. [aHHbIMM HU3KOTO NPOCTPAHCTBEHHOTO
1 BbICOKOTO BPEMEHHOI0 pa3peLleHmsn
(MODIS, NPP-VIIRS)

O 4
BO3MOXKHOCTb peryapHoro nony4yeHus ==  F—  IKilometers
MHGOPMALMKM O AMHAMUKE NOXKAPOB NO BCEMN
TeppUTOpPUM 3eMan OTKpbIBaeT HOBble Csiszar I, Schroeder W, Giglio L, Ellicott E, Justice C

o VALIDATION OF THE NPP VIIRS ACTIVE FIRE PRODUCT
BO3MOXXHOCTU MO UCMNOJ1Ib3OBAHUIO MOAENEMN,

nX HaCTpOVIKe N oueHKe TOYHOCTMU. "



CnyTHMKOBbIFI MOHUTOPUHT NPUPOAHDBIX NOXKAapoB U mogenu

JaHHble CNYTHUKOBOTIO Ha6l'I}O,£I,EHVIFI NPUPOAHbLIX MOXKapoB
MOTYT UCNOJIb30BATbCA MPUMEHUTE/IbBHO K MOAENAM
pPacnpocCTpaHeEHNA OrHA ONA:

1. NHunumanusaumm HavyanbHbIX YCI0BUN

2. CpaBHeHVIFI Mmoae/ibHbIX OUEeHOK 1 MPOrHO30B C
(I)aKTVIHeCKMMM AdaHHbIMUA

=220

63.65 63.70



CNyTHUKOBbIA MOHUTOPUHT NPUPOAHDbIX MNOXXAPOB U MOAENU

Huskoe NPOCTPAHCTBEHHOE pa3peeHne onepaTtnuBHbIX CMYTHUKOBBLIX AdHHbIX NPUBOAUT K
HEO6XO,£I,VIN\OCTVI MCnosib3oBaHMA cneunaabHbIX METPUK!

1. CpaBHEHME CO CKOPPEKTUPOBAHHOM NoWaabto (Ha ANNTENbHbIX BPEMEHHbIX
NHTEepBanax).

2. OueHKa AOCTUMKEHUA NOXKapOM KOHKPETHOro nuKkcena (xorcnota)
3. CpaBHeHMWe pacCTOsHUA MeX Ay XOTCNOTaMU U MoAebHbIM GPOHTOM

4. Mopenv nepeHoca U3ny4eHus



HacTtpoWka mogeneu no gaHHbim [33

BO3MOXKHOCTb CpaBHEHNA MOAENbHbLIX MPOrHO30B C apPpXUBaMU CNYTHUKOBbLIX H36J'II-O,£I,€HMIZ
ANHAMUKUN NOXKaPOB OTKPbIBAET BO3MOXKHOCTb HaCTpOI\/‘IKM NnapaMeTpoB MO,EI,EIIEVIZ

1. HacTponKu napameTpoB moAesien No penpe3eHTaTMBHOWN BblbopKe

XBoctukos C.A., banawos W.B., baptanes C.A., Eppemos B.1O., /lynaH E.A. PermoHanbHaA onTMMmn3aumna NnapameTpos
NPOrHO3HOW MOAENN NPUPOAHbIX NOXKAPOB N ONEPaTUBHOE MOAENMUPOBAHNE ANHAMUKN UX PA3BUTUA C
NCNONb30BaHMEM AaHHbIX CMYTHUKOBbIX HabnoaeHuit // CoBpemeHHble npobaembl AUCTAHLMOHHOIO 30HAMPOBAHMA
3emnun n3 kocmoca. 2012. T. 9. Ne 3. C. 91-100.

2. HacTtpoWKka napameTpoB Mmoaenemn AN KOHKPETHbIX MoXKapos
Artés T. n ap. Forest Fire Propagation Prediction Based on Overlapping DDDAS Forecasts // Procedia Computer
Science. 2015. T. 51. C. 1623-1632.

Lautenberger C. Wildland fire
modeling with an Eulerian level
set method and automated

. . . (b)
Ca I I bratlon / / Fire Safety Journa I +  Figure 9. Comparison of simulated and calibration target perimeters. (a) ~7 hours after simulation

_ ignition. (b) ~22 hours after simulation ignition. Yellow line indicates target perimeter and red
2013.T. 62. C. 289-298. shaded area indicates sinulated burned area. Simulation ignition location indicated by black circle. 19

Dashed blue line is Moonlight Fire final perimeter.



ACCMMMI’IHLI,MFI CNYTHUKOBbLIX AdHHbIX B Mmo4aenu

MeToabl acCCUMUNALMKN AaHHbIX NO3BOJIAIOT HATU Hanbonee BepOATHOE COCTOsHUE
npouecca (pa3BUTUA NPUPOAHOIO NoXKapa) NP HaIMYNKU MOAENbHBIX U GaKTUUYECKUX
(CNYTHMKOBbIX) €ro OUEHOK, 0613 4at0WMX 3HAYUTENBHBIMU NOTPELLIHOCTAMM.

O6bI4HO MeToadbl aCCMMUNAUNU npeanosaraet Nncnoaib3oBsaHUeE KPUTeEpmMeEB sBna4a:

— _ T
E(x)=(x— .umodel)zm%)del(x - :“model)T + (x - .ufact)zfc%ct(x - :ufact)

Mpn npeanonoKeHNM HOPMaAJIbHOTO pacnpeaeneHmnsa oWwnbKu Ana MoaenbHbIX U
dakTnyecknx oueHok N(u, X)

MWHMMM3AUUA KPUTEPUS MO COCTOAHUIO NOXKapa X AaeT ero onTMMasibHOe COCTOAHME C
Y4eTOM MOAE/NbHbIX U PAaKTUYECKUX OLEHOK U MX NOrPeLIHOCTEN.

Takaa MUHMMM3ALMA MOXKET BbINO/IHATLCA:
- MeTtogamu ontmummnsaumm

- MeToaamu Ha ocHoBe ¢punbTpa KanmaHa (aHcambneBbin dunbtTp KanmaHa EnKF),
OCHOBAHHbI HAa BEPOSATHOCTHOM MOAENNPOBAHUM NOXKapa



Cxema accmimmnauma CNYyTHUKOBLIX AadHHbLIX B mMoAeNIn

CocTosiHMe norKapa (X) TakkKe MoXKeT
OLLeHMBATbLCA Ha OCHOBE BEKTOPHbIX U

pPacTpoBbIX NOAXO408B:

FIREFLY forward model
Mp1 y(X34) = Xy

Analysis fire
front at (£-7)

X3, = (X, ¥), 1in [1,Ng]

forecast 1

forecast k

Forecast fire
front at t

X\ =(x; y)), 1in [1,N,]

- .
.

Covariance
ensemble estimate P/

Simulation/obs.
comparison
dfr= yor' G(xft)

A 4

EnKF algorithm

Observed fire |
front at {

Yo, = (xio,yio)j jin [1 =Nfr°]

= yf f
xar_ X,+ Kfedf

Y

analysis 1 | %l

analysis k

Analysis fire
front at ¢

X2= (X, y), 1in [1,Ng]

Rochoux M.C. n ap. Towards predictive data-driven simulations of wildfire
spread &ndash; Part 2: Ensemble Kalman Filter for the state estimation of a
front-tracking simulator of wildfire spread // Natural Hazards and Earth
System Sciences Discussions. 2014. T. 2. Ne 5. C. 3769-3820.

Data Comparison solution
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Fig. 8. Temperature profiles representing (a) the data (reference solution, taken as
the truth) and (b) an unperturbed ensemble member comparison solution 100s after
initialization.
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Fig. 9. After advancing the solution in time by 100s before any data assimilations:
Pointwise prior ensemble (a) mean and (b) variance.
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Fig. 10. After advancing the solution in time by 100s and performing a single data
assimilation: Pointwise posterior ensemble (a) mean and (b) variance.

Mandel J. u gp. A wildland fire model with data
assimilation // Mathematics and Computers in
Simulation. 2008. T. 79. Ne 3. C. 584-606.



Cxema accmimmnauma CNYTHUKOBLIX AaHHbIX B mMoAeNn

Ouvaru ropeHus no 33 MopenbHasga oueHKa

Pe3ynbraTbl CNyTHUKOBOTIO
LOETEKTUPOBAHNSA 04aroB ropeHus
MO3BOMNSIOT KOPPEKTUPOBATL
MoZernb UTepaTMBHO Mo Mepe
NOSIBNEHNSI HOBbIX JaHHbIX.

YTOYHEHHbIN MOAENbHbIN
NporHo3 gaet bonee
Ka4eCTBEHHYH OLEHKY
NonoXeHna ppoHTa noxapa:




Pe3yanaTb| accmimmnauma CNYyTHUKOBLIX AadHHDLIX B mMoAeNTn

=
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mmm O61aCTb aKTUBHOIO FOPEHUS [MepumeTp rapu no gaHHbIM Landsat

no gaHHbIM MODIS
MogernbHasa oueHKka rnepmmMmeTpa noxapa




no6anbHble moaenu NPUPOAHbLIX NOXKAPOB

[lna NporHo3npoBaHMA U3MEHEHWUI B cucTeme 3eMIM MOTYT UCNO/1b30BaTbCA MOAENM
NPUPOAHbIX NOXKapPOB, KOTOPbIE NO3BOAIOT OLEHUTb UX BAUSHUE HA PAaCTUTE/IbHOCTb U
coaeprkaHMe NapHUKOBbIX ra3oB B aTmocdepe.

Takoro poga moaenun MoryT y4nTbiBaTh:

1. HakonneHue roproYnx maTepmanos, UX XapPaKTEPUCTUKH

2. BeposTHOCTb BO3HUMKHOBEHMA NOXAPOB (B CBA3M C NPUPOAHBIMU MU aHTPOMOrEeHHbIMMU
BO3JeMNCTBUAMMN)

3. PacnpocTtpaHeHuMe NoXKapoB (Ha OCHOBE YNPOLLEHHbIX SMIUPUYECKUX MOoaENEN

4. TyweHme noxKapos

5. lloBpeXaeHna OT NOXKapos.

6. BocctaHoBeHMe PacTUTENBbHOCTU NOC/E MOXKAPOB

Ha Bbixoae AaHHble MOAENN OLEHUBAKOT YNC/I0 NOXKAPOB, UX NAO0LLaAb, NOBPEXKAEHUS
eCTeCTBEHHOM PacTUTeNIbHOCTM, SMUCCUN YI/Iepoaa N APYrnxX NapHUKOBbIX ra3os



no6anbHble moaenu NPUPOAHbLIX NOXKAPOB

CyuwiecTByeT MHOXKeCTBO 1106a/1bHbIX MoAenen NpnpoaHbix noxkapos - Glob-FIRM, Reg-
FIRM, SPITFIRE n ap. Ans panbHenLWwero nay4yeHus JaHHOM TeMbl MOXKHO 00paTUTbCA K
ctaTbe: Hantson S. u dp. The status and challenge of global fire modelling // Biogeosciences
Discussions. 2016. C. 1-30.

Pe3ynbTaTbl MOAEINPOBAHUSA YaCTO CPAaBHUBAIOTCA C AAHHbIMM CMYTHUKOBOTO MOHUTOPUHTA,
Hanpumep Co cneayrWwmMmMmn apxmBamm:

1. GFED (Giglio L., Randerson J. T., van der Werf G. R. Analysis of daily, monthly, and annual burned area using the
fourth-generation global fire emissions database (GFED4) //Journal of Geophysical Research: Biogeosciences. —

2013.-T.118.—Ne. 1. -C. 317—328.)

2. MODIS MCD45A1 (Roy D.P. u dp. The collection 5 MODIS burned area product — Global evaluation by
comparison with the MODIS active fire product // Remote Sensing of Environment. 2008. T. 112. Ne 9. C. 3690-

3707)
3. (Alonso-Canas I., Chuvieco E. Global burned area mapping from ENVISAT-MERIS and MODIS active fire data
//Remote Sensing of Environment. — 2015. — T. 163. — C. 140-152)



no6anbHble moaenu NPUPOAHbLIX NOXapoB

Mpumep pe3ynbTaToB r106anbHOIO0 MOAENPOBAHMA B CPAaBHEHUM C AaHHbIMMK [133.
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Le Page Y. et al.
HESFIRE: a global
fire model to
explore the role of
anthropogenic and
weather drivers
//Biogeosciences.
—2015.
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NnaH neKkyunu

1. dusnyeckme n xXummyeckme OCHOBbI PACNPOCTPAHEHMA NOXKapa N MOAEIN HA UX OCHOBE
2. ®aKTOpbI, BAMAKOWME HA Pa3BUTME NOXKapa. IMNUPUYECKME MOoaENN

3. BepoATHOCTHOE moaennpoBaHme NOXKapos

4. laHHble ANCTAHLUMOHHOIO 30HAUPOBAHNA B MOAENNPOBAHMNM NOXKAPOB

5. MeToabl accumunaummn aaHHbix (J33) B Moaenm AMHAMUKM NOXKapoB

6. TnobanbHbIE MOAENN NOXKAPOB



