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Motivation



The Devastation of fire

Photo -John McColgan B




The Dangers of Smoke




Neighbouring impacts of Smoke

Modis

VIS image




Neighbouring impacts of Smoke

HRYV image




Neighbouring impacts of Smoke

26 August 2007

Formaldehyde concentration
from SCIAMACHY:

Poisonous gas released by
biomass burning in Greece
reaches the coast of Libya.

EUM Train

10 1;5 20 25
SCIAMACHY HCHO VCD [x10'S molec/cm?]


http://www.zamg.ac.at/eumetrain/CAL_Modules/ForestFires/intro.html
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The impact g roCbh)

-*Photo courtesy of Brandon Riza
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Pyrocumulus
(pyroCu)

- condensation but no
lightning, no ice

Pyrocumulonimbus

(pyroCb)

- subset of pyroCu

- lightning, ice, rain,
tornado

- can penetrate the tropopause courtesy of Mike Fromm

Slide: 10 Training Workshop, Sofia, 7-10 Sep 2009




he Chisholm (Alberta) PyroCb - 28 May 2001

See Rosenfeld et al., (ACP, 2007)




Fire Provides Multiple Signals in EO Data




Fire Provides Multiple Signals in EO Data
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The Result of fire

Satellite image showing
burned areas of Greece
as a result of several
forest fires

MODIS 28 July 2003

VIS plus IR (0.6; 0.8; 2.1)




Fires/Smoke —MSG Example
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Fire detection using ch. IR3.9

Met-9 imagery on

31 AUg /'1 Sep 2008 Visible imagery showing smoke


http://oiswww.eumetsat.org/WEBOPS/iotm/iotm/20080901_smoke/20080901_smoke.html

BGB Colors

Channel 3b (IR3.7)

AVHRR imagery
October 2007

& Clickhere to enter gallery Visible imagery showing smoke



http://oiswww.eumetsat.org/WEBOPS/iotm/iotm/20071022_fire/20071022_fire.html

Background Theory



Planck’s Radiation Law

Planck’s Radiation Law
Cl

L(A,T)= =
FEECs) A

A wavelength (m)
T temperature (K)
L spectral radiance (Wm2 sr-'m!)
C, =2xhcd® W.m ?

C, = he/ky mK

Spectral hemispherical exitonce M, (W m™ um™)

Fire temperatures range from a
minimum of ~ 500 K (weak smoulding)
to max ~ 1400 K (intense flaming).
Emission peaks in the MIR region.
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SEVIRI 3.9 um channel
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Brightness Temperatures
Differences (BTD) for Cloud-free
Ocean Targets

Sub-tropical, dry atmosphere,
Medium sat. viewing angle:
IR3.9-1R10.8=-4K

Sub-tropical, dry atmosphere,
Large sat. viewing angle:
IR3.9-1R10.8=-7K



Sunshine —Earthshine
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IR3.9 Brightness-Temperature

Radiance
Intensity Schematic: Blackbody
Radiation for T=260K
(satellite measured scene
temperature)

Schematic: Blackbody
Radiation for T=210K
(actual scene temperature)

IR3.9 Radiance
Measurement:
210K + reflected
sunlight

IR3.9 Radiance at
210K

»

Wavelength
3.9



Surface Emissivity

Infrared Emissivity vs. Wavelength
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« Emissivity more variable near
3.9 um
** '« Sandy areas appear 5-10 K
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IR3.9 Channel: Sub-pixel response

. Radiance is not linear with temperature; B = T/

« The response to changes in scene temperature is much larger at shorter
wavelengths
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IR3.9 Channel: Sub-pixel response

Tifire) = SO0 K |
50! Tisort) = S0 K . Its strong sensitivity to sub-pixel
= "hot areas" makes the IR3.9
oy channel very useful in fire
a = detection.
|°_° £  If only 5% of the pixel is at 500
~
L | 25 K, the IR3.9 channel measures
£ |z 360 K, while the IR10.8
o = measures less than 320 K.
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Brightness Temp. Characteristics of an Active Fire
3.9 um

Fire pixel detection should
consider:

 Spectral signals
 Spatial signals
« Temporal signals

3.90m - 10.8pum



First MSG Fire Examples

éhannel 04 detects the
fires (black spots), while
Channel 09 does not.

MSG imagery on 25 June 2003 at 10:00 UTC



First MSG Fire Examples

In case of very large fires,
also Channel 09 detects

some fires. ke &

MSG imagery on 3 August 2003 at 12:00 UTC



‘WIODIS SEVERI Comparison (:Sep 2003)
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MODIS (12 20 GM’F) | SEVERI (12:57 GMT)

L 5

Green : IR3.9 channel radiance background
Yellow : Detected fire pixels using alg. based on Giglio ef a/(2004)

& EUMETSAT



Impact of Sunglint

* There Is very strong reflection of solar radiation
at 3.9 um (sunglint)

* Features such as rivers in sunglint are obvious,
but “illuminated” lakes could take on the
appearance of fires
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Midday sun glint over the Congo river
MSG-1, 24 March 2004, 09:00 UTC, Channel 04 (3.9 um)




Nigeria

sunglint in Channel 04
over the local rivers and
lakes

MSG-1
5 June 2003
10:00 UTC
Channel 04
(IR3.9)



2003_06_05_0900-1130_ch04_loop.avi
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Photo by WFP Sudan VAM Unit
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Short-term Noise of IR Channels

M8 Decontamination
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Noise in the IR3.9 Channel. Example

MSG-1, 14 July 2003, 02:00 UTC, IR3.9

Below BTs of 220 K the IR3.9 channel
IS very noisy (radiances close to zero).

RAW RAD TEMP
[count] [mMW/m?] [K]

54 0.01 218
53 0.01 218
52 0.00 205
51 0.00 11Si

Interpretation: IR3.9 imagery does a fine
job for warm scene temperatures, but at
night it is not useful for cold scenes like
thunderstorm tops.




Saturation of IR3.9 Channel
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Artefacts coming from Digital ‘Filter

18:00 18:15

10001 METEQSATE 4 F AUG 06219 1&EMEFS 01 14000l METECOSATE 4 F AUG 06219 1R-HERE ©

18:30 18:45

10001 METEQSATE 4 F AUG 062129 1&FMEAS @1 1000l METEQSATE 4 7 AUG 06219 1&4HERS O

MSG-1, 7 August 2006, IR3.9 Channel (inverted)




Saturatl 3.9 Channel
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2009_08_220000-240500_m9_ch04_loop.mpg

Frequency of Saturated.IR3.9 Pixels

RN L RN R R R RN R R R R R R RN RN N R AR RN R AR RRRRRRRARRARARRRRRRR
Ty =3362K & ——
1 336. 0K T, <3362K
L L _
15— —
- L 3 1
- ¢ .
S . - .
% .
s 7
=W
T 10 il T
[~ 4
=] o 4 o
2 *
]
m -
*
*
*
= e _
> H *H
0.543 * L -
| ! |
e
q
0.0 IR |1 1§ A A0 A TR \ o .W “““““““““““ [ A

03 Sep, 12 pm 04 Sep, 12 pm 05 Sep, 12 pm 06 Sep, 12 pm 07 Sep, 12 pm 08 Sep, 12 pm
GMT



-
"‘Blinding” of IR3.9 Channel
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)7, 17845 UTC, Met-9, HRV Channel
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“Blinding” of IR3.9 Channel »
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“Blinding” of IR3.9 Channel

e e T T / 4 — =W i

Info r.—msgéc-s X

Focos de Queima
data: 20070803 i
hora: 174500

satelite: |METEOSAT-02| &=

municipio:|Feliz Nata e

estado: MT oy

pais: Brasil
Estado

CENTRO
REGIAO: OESTE

This i1s how it looks
In reprojected fire product

(source: A. Setzer)



Mid-IR wavelength signal only weakly affected

by smoke aerosols

997 Indonesian Fires




ogov7so08,/26 11:12

I.M.Lensky (BI) &

.Rozenfeld [(HUJI)
e |

The smoke disappears
with the longer
wavelengths

Single channel 0.6 um

MSG 2007 08 26 11:12

CHO1 0.6




ogov7so08,/26 11:12 CHOZ 0.8
I.M.Lensky (BI) &
.Rozenfeld [(HUJI)

The smoke disappears
with the longer
wavelengths

Single channel 0.8 um

MSG 2007 08 26 11:12



ogov7so08,/26 11:12 )
I.M.Lensky (BIM & ) .
.Rozenfeld [(HUJI)

The smoke disappears
with the longer
wavelengths

Single channel 1.6 um

MSG 2007 08 26 11:12



Biomass Burning
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Single channel 1 km
0.8 um
MODIS 20070826 11:10

- ™ ' : smoke disappears
* . - fwith theslonger i,
wavelengths r‘* 3




Single channel 1 km
1.2 um
MODIS 20070826 11:10

‘ Lf“l! L . j'h :' :
ay® smoke disappears
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wavelengths P




Single channel 1 km
2.1 pm
MODIS 20070826 11:10

The hot spots appear
already at 2.1 um
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2009_08_22_0415-1600_m9_ch12ch04comp_loop.mpg

Large Forest Fire near Haifa, 3 Dec 2010
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2010_12_020800-041500_m9_HRV_IR39_blended.mpg

SIMPLE FIRE DETECTION ALGORITHM
FOR SEVIRI
(Wooster and Roberts, KCL)



Simple Contextual Fire Pixel Detection Alg. For SEVIRI

Stage 1- Potential Fire (PF) Pixel Detection: based on 3.9 & 10.8 um
brightness temps. (T4 & T11 respectively) and their difference (T411)

l

Stage 2 - Background Characterisation of each PF pixel: based on window
centred on each PF (only cloud-free/non-PF pixels included)

|

or

Stage 3 — Confirmation of each PF pixel as ‘True’ or ‘False’ fire pixel:
Based on comparison between PF and background T4, T11 and T411




Simple Contextual Fire Pixel Detection Alg. For SEVIRI
Function Time Period Tests and Thresholds
(UTC)
Potential Fire 09:00 — 16:00 T4 > 320K, T11>285K, T411 > 15K
: Pixel Detection
1) Potential Fire 16:01 — 08:59 T4 > 290K, T11>285K, T411 > 10K
Pixel Detection
Background Valid BG pixel:T4 < 315K, T411 < 15K
Characterisation 09:00 — 16:00 Mean (BG4, BG11, BGT411)
c (BG4, BG11, BGT411)
(2) Background 16:01 — 08°59 Valid BG pixel:T4 < 308K, T411 < 10K
Characterisation Mean (BG4, BG11, BG411)
c (BG4, BG11, BG411)
Confirmation as 09:00 — 1600 T4 > (Mean BG4 + 2.3 x cBG4)
“True’ or ‘False’ T411>(MeanBGT411+2.3 x cBGT411)
Fire Pixel T411 > (cBGT411 + 6K)
(3) Confirmation as 1601 — 08°59 T4 > (Mean BG4 + 2.0 x cBG4)
“True’ or ‘False’ T411>(MeanBGT411+2.0 x cBGT411)
Fire Pixel T411 > (cBGT411 + 4.5 K)




IR3.9 channel
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Active Fire Monitoring (FIR)

Provider: EUMETSAT

Satellite: Met-10, Met-9 (rapid scan)
Status: Operational

Area: Disk (80 degrees)
Formats: GRIB, ASGH, CAP
Resolution: Pixel, 15 Min (5 Min)

Dissemination: EumetCast

Internet: Yes (Met-10)
Archive: Yes


ftp://ftp.eumetsat.int/pub/OPS/out/simon/FIRE/
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Result of Fire Detection over Europe

FIR product
red: active fires
yellow: potential fires

MSG-1, 21 Aug 2005, 02:00 UTC




MSG-2, 24 July 2007, 16:00 UTC




Result of Fire Detection over Europe
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Result of Fire Detection over Africa

O 7R product [

MSG-2, 17 Aug 2009, 09:00 UTC




Result of Fire Detection over Africa

7
MSG-2, 18 Jan 2010, 08:30 UTC



2010_01_18_0800-0930_m9_fir_loop.avi

The sun glint problem persists

' FIR product

MSG-2, 4 Jan 2011, 08:30 UTC




Result of Fire Detection over Europe
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2008_08_20_1219-1304_m8_ch04r_loop.mpg

Fire Radiative Power (FRP)

Provider:
Satellite:
Status:
Area:
—ormats:
Resolution:

nternet:
Archive:

Dissemination:

Land SAF

Met-9

Pre-Operational / Develop.
Disk

HDF-5

Pixel, GRID (1 deg), 15 Min
Eumetcast, ftp

NO

Yes



Land SAF Fire Radiative Power Product

LSA SAF FRP Product 2007:08:25 09:45




Confirmation using smoke'!




Fire Risk Map (FRM)

Provider: Land SAF
Satellite: Met-9
Status: Develop.
Area: Disk (80 degrees)
—ormats:
Resolution:
Dissemination:
nternet:

Archive:



Now for some examples !



Diurnal Cycle of Fires

Click to
see animation

Diurnal cycle of fires over DRC and Angola
MSG-1, Channel 04 (IR3.9), 16 July 2003, 09:00 UTC


2003_07_16_0900-1500_ch04_loop.avi

Fire Counts:. Southern-Africa, 3-8 Sept. 2003
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Seasonal Cycle of Fires

distribution

product
derived
f from ERS
ATSR
channel 3.7
um for
Active fires 1998 ’ﬁ?’ 1998
« Jan-Feb 1-_: 2
« Mar-A W
ferpr &
Jul-Aug
« Sep-Oct

« Nov-Dec



Seasonal Fires in ' Sudan

Click to see animation

MSG-1
03 Dec 2004

Channel 04 (IR3.9)


2004_12_03_0900-1315_m8_ch04_fires_sudan.avi

Seasonal Fires in ' Sudan

R
o

Click to see animation

MSG-1
"~ 03 Dec 2004
" Channel 12 (HRV)



2004_12_03_0900-1315_m8_ch12_fires-smoke_sudan.avi
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Seasonal Fires1n Mali

MODIS, 17 Oct 2009, 13:40 UTC
True Colour RGB

First fires

}




Seasonal Fires1n Mali

o~

Burned areas

MODIS, 19 Oct 2009, 13:30 UTC
True Colour RGB




Seasonal Fires1n Mali
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19 Nov vs 24 Nov



2009_11_190800-241300_m9_ch12_loop2.avi

-
OFO - PQM - OPEA ImageChan 03.198.14.15 PQM Graphics Display

Fires over France
(biggest forest fire in the
Var department since 1990)

7 17 July 2003, 14:45 UTC




Catastrophic Fires in Portugal
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ChnerOB (1 6 um) 1 Chnnel 04 (.94 pum)
Fires over Portugal and Spain
MSG-1, 3 August 2003, 12:00 UTC


2003_08_03_1200-1500_ch04_loop.avi

Catastrophic Fires in Portugal

Channel 02 (0.8 um) Channel 12 (HRV)

Fires over Portugal and Spain
MSG-1, 3 August 2003, 12:00 UTC



2003_08_03_1000-1745_ch12_loop.avi

CatastrophicFire in Spain

Channel 04 (IR3 9) | Channel 12 (HRV)
MSG-1, 16 July 2005, 17:00 UTC
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Dense Smoke over Argentina and Uruguay

NCOL - 200804182000

HRV - 200804182000

A

Met-9, 18 Apr 2008, 20:00 UTC
' Click to see animation Click to see animation '
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Smoke over Russia caused by numerous wildfires
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Smoke from Russian/-Ukraintan Fires
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Russian Fires / Smoke August-2010
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Smoke from Oil Tank Fire (Libya)
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Forest Fires In
Portugal

MSG-1
22 Aug 2005
@ 03:15UTC
PV 2 RGB Composite
L HRV + IR3.9




Fires Raging in“Galicia (Spain)
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Hot Spot Etna Eruption
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Asteroid 2008 TC3




Summary: Fires /‘Hot Spots

Fire pixel detection should consider:

« Spectral signals (V1S0.6, IR3.9, IR10.8, IR3.9-1R10.8)
 Hot Fires also detectable in NIR1.6
* Fire pixels with large fire fraction also detectable in IR8.7, IR10.8

« Spatial signals (background characterisation, spatial filtering)

« Temporal signals (temporal filtering)

 Importance of cloud mask (additional HRV cloud mask)
 Elimination of sun glint areas

o Saturation of IR3.9 channel (at 336.2 K)

 Artefacts from digital filter



Thank You

And finally, have a look at the EUMeTrain web site

http://www.eumetrain.org/resources/forest fires.html

This is a very detailed and excellent CAL module !



http://www.eumetrain.org/resources/forest_fires.html

