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Smoke area over Yakutia (14.08.2002)
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Fire activity in Yakutia during the 2002 fire season
AVHRR (14 August 2002).
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TOMS Acerosol Index Distribution over
Russian Far East (15.05.2003)
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Verification of MODIS information by Landsat
ETM+ for (a) forest, (b) forest step territory
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(a) Landsat = 1.02*MODIS — 601,  (R2=0.91)
(b) Landsat = 8.62*MODIS — 5986,  (R2=0.84)
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Fires in China, Amur, Khabarovsk territory 17 October 2004
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AbIMaMHu B AMypckoii 00.1., EBpefickom A. O,
XabapoBcKkoM Kpae H NPUT'PAHHYHBIX
paiionax KITTAS
NOAA-16, 9:03 MCK, 17.10.2004
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Trace gas emission model (the
E=A *Bfa*p,
where
E - emissions (kg )
A_- burned area (m?)
Bfa - fuel loading potential (kg/m?)
- fuel consumption coefficient.
(Seiler and Crutzen, Erick Kasischke and Nancy French et al)
Or using thermal image:
E= N*Eij {Bfa*ﬁ(W)Hij )
Where N - total amount of pixels, 1 — pixel number, j — fuel type,
— fuel moisture content, depended of weather conditions

fa* 7 )*Q, 2)

e (J/m?*s = w/m?)

el consumption and combustion (residence time)



We know that for moderate fire intensity the total energy re

e¢= Radiation (40%) + Convection (50%) + Conducti
Radiation=0.4¢, from our fire behavior model,
So:

¢ ~ 2.5 Radiative flux=2.5 / ecT*dA

T — flame temperature (°K), € — coefficient of radiance, (¢) — Stefan- Boltzmann

Total rate of emission of radiative energy from the fire can be presented
by the relationship between the emitted energy and the detected temperature
difference in the 4 um channel MODIS (Yoram Kaufman and Chris Justice,1998)

E, =4.34"10"1(T,2-T,2) (MWatt per
pixel)
So:
fa*f=((2.5 /, ecT*dA)/Q))* 7, (4)

hat 7, = 60-:-300 sec, 1s approximately constant and depends primarily on
el particle — €duivalent particle diameter) and Q~4500 cal/g is almost
ifferent forest fuels.

we need to know A ,T, Q, 7, using thermal image :

=A *((2.5/,,£0T*dA)/Q))* T, )




Total Fire Radiation Energy (FRE) vs. Fuel Consumption

R?=0.7468
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Infrared FLIR ThermCam P695 camera used for fire monitoring







Boguchany, Russia, 18 June 2002

Plot 1 3:37:15 PM




Spread time, sec. plot 1, Boguchany, Russia
June 18, 2002

Spread time contours
N 60 sec per interval
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ROS (m/min.), plot 1, Boguchany, Russia
June 18, 2002
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Fuel consumption (kg/m2), plot 1, Boguchany, Russia
June 18, 2002




Infrared data analysis

Flame depth at 15:51:34
(1500C threshold)

Fire spread times
(seconds)
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High-intensity fire front, Test Plot 1, Boguchany (18:06:
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Fire intensity

According to Byram, fire intensity (1) is:
= Bfa*B*U*Q,

| — fire intensity,

where Bfa*f - fuel consumption, U — fire line spread rate, Q — heat o

So,

8energy release

(see fig.1 and the formula 2,6, and U=X/z,)

= I/X,

and &=(Bfa*flz)*Q*(X /X)) = /X,
but & 2.5Radiative;, =2.5/, ecT*dA,

5*X_* |, £oT*dA =Bfa*B*U*Q (8)

) =25 *X_* [ ecT*dA /(U*Q) 9)

e estimated if you calculate I and U, using BEHAVE, FARSITE (USA),
er System — or you can measure /,,e6T*dA and X, from infrared

(10)g






Angara Region Landsat ETM image
(27.08.2000; channels 5, 4, and 7)

This shows various
disturbances in the region




Spectral signatures for th
land-type classes

Spectral brightness (relative units)
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BiusiHue moskapoB Ha IPEBOCTON XBOUHBIX
HACAKIACHUN

* B JIaHHBIX JIECOPACTUTEIbHBIX
YCJIOBHSIX B CIy4yae BO3HUKHOBEHUS
M0’KapoOB B BECEHHUI TIEPUO/T UITU TIPU
HEBBICOKHX KJIaccaxX MOKapHOH
OMACHOCTH MO YCJIOBUSIM MOTOJbI IPU
HE3HAYUTEIIbHOM MTPOTOPaHUU
MTOJCTUJIKU BBIBAJIA IEPEBHEB HE
MIPOUCXOIUT.

» Tak, npu obcnenoanuu B 2004 rogy
AKCTIIEPUMEHTATBHBIX YUaCTKOB,
BbIKKEHHBIX B 2003 rony,
BBIBAJIUBIIIMXCS C KOPHEM JCPEBHEB HE
Ha0JII01aJ10Ch, OJJHAKO UMEJIOCH
J0CTaTOYHOE KOJUYECTBO YIaBIIUX
JICPEBBHEB B PE3yJIbTATE MIPOTOPAHHUS
THWJIEHW Y OCHOBAHUS CTBOJIA.




BiusiHre MoKapoB HA IPEBOCTON XBOUHBIX
HACAXKICHUU

Kappsl 3aCcMoJieEHNS [NoacyLunHbI

Bo Bcex ycioBusix MeCTONpou3pacTanusi HanboJiee ya3BUMBbIMH K BO3JICHCTBUIO OTHSI
OKa3bIBAIOTCS JIEPEBbsI, UMEIOIIUE OTHEBBIE U Ipyrue noppexacHus. [loxkapHbie NOACYIINHBI,
10 HAIITUM HAaOJII0ICHHUSM, TTPOBEACHHBIM BO BPEMS SKCIIEPUMEHTAJIbHBIX BEIKUTAHUH B
XpeOTOBCKOM JIeCX03€, MOT'YT TOPETh HECKOJIBKO YaCOB IOCJIE MPOXOXKICHHS OTHSI, HHTEHCUBHO
MPOTOPAIOT Kappbl U 3aCMOJICHHBIE MECTA.

TeMnepaTypa raMeHH Ipy TOPEHUHU 3aCMOJIEHHBIX MOXKAapHbIX NoACYIIUH gocturaet 9000C u
ooJee.
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Seasonal NDVI dynamics for different
" fire 1ntensity

Fire Severity=F {Fire Intensity * t, * ANDVI(1) * ANDVI(2) * dt(21) * n}

MO

dMDVI(T)

dNDVIZ) ]

High severity

Reconstruction of
DVI "n" years after

fire

© NDW two years after fire
© MDY one year after fire

dt(21)

t2)



« Early Fire Detection System (EFDS) must satisfy to main requirements
of Fire Management System

Fire Management System concerns of the different questions, including:
- To suppress or not suppress the detected fire
- To ignite on not ignite the forest fuel for prescribe burning

If we have the task to suppress the fire, which can appear in the point with
high total fire damage, we need to detect it very early, when the fire
size 1s less then critical.

Critical fire size is corresponded to the moment, when the fire perimeter
growth becomes more, than fire line suppression velocity. In Siberian
aircraft observing patrol practice the Critical Detected Fire Size is 0.1-

4.0 ha

So, Detectability of the instrument, which necessary want, must be
higher then MODIS. BIRD instrument satisfy to this condition,
primarily due to high spatial resolution

300 — 100 m is sufficient spatial resolution for providing high signal to
noise ratio (equal 5 —10 for detection of 0.1 —4.0 ha fire size).

Revisit time must be less than the time of critical fire size is achieved,
practically it must be 1-3 hours in the middle day, when the ground
cover temperature have the maximum value.



BIRD Satellite Fire Detection in Angara River Basin, 10.07.03
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Zoomed fragments of
forest fire images at
Angara, obtained by
MODIS and BIRD on
16 July 2003

For early fire detection
BIRD Detectabillity is
about 4 times higher,
than MODIS, due to
high spatial resolution

(see B) — A.Sukhinin

1 100 10000 MW
Projection on the NIR band




5.

Conclusions

Validation of the MODIS fire data was performed in a number of typical fire
scenes using higher-resolution BIRD data

The Fire Radiative Power (FRP), which is related to the amount of burning
biomass and of gas and aerosol emissions, is a suitable parameter for fire
characterisation from satellite data. In most cases, FRP can be estimated

with an accuracy within ~30%

The FRP of more than a half of the hot clusters, which were detected by
BIRD, is below the detection limit of MODIS

Nevertheless, MODIS may only slightly underestimate the cumulative FRP
in ecosystems where large fires take place

Though MODIS is hardly suitable for an early fire detection, it is an
adequate instrument for cumulative FRP estimation

We have the affirmative proposition:For early fire detection BIRD

Detectability is 4 times higher, than MODIS, due to spatial resolution
So, we propose to develope The Special Operational Fire
Recognition System with Spatial resolution = 100-300 m, and

Revisit time 1- 3 hours



Necessary Revisit time may be realized, using infrared radiometer GLOBUS,
which 1s developed in Space Devices Developing Institute of Russian Space
Agency (Author is Gektin Yuri, presentation in Moscow, november 2004,

Space Research Institute RAS)

(optical scheme and scanpizng geometry of the IR Radiometer GLOBUS)
CkaHupyollee 3epKano

MHoOroanemMeHTHbIN
NPUEeMHUK BUAUMOr
avanasoHa

0O60BbLeKTUuB

MHoroanemeHTHbIn UK

O6beKTuB NPUEMHMUK

HanpaBneHune noneta HanpaBneHue
KA CKaHUpoOBaHus




Model of the optical-electronic infrared radiometer GLOBUS,
which is developed in Space Device Developing Institute of

Russian Space Agency (Author is Gektin Yuri)
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Thank you
very much
for your

attention

“Bor Island” 1993 fire
experiment in
Krasnoyarsk region




