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Radiative forcing (W m?)
. . : cer Fire contribution (warming)
e Fires play an important role in the natural equilibrium Fire contribution (cooling)

climate, and that perturbed by humans. M Total contribution (warming)
[W Total contribution (cooling)

* They need to be considered in future climate
projections (Ward et al., 2012)

* And also in UNFCC Sponsored REDD+ Programmes.




o

Monday 8 July 2013 00UTC MACC-II Forecast t+000 VT: Monday 8 July 2013 00UTC
500 mb Carbon Monoxide [ ppbv ]

nes-atmosphere.eu-—. | p-

o 3 e —, > ]
6% | '_,-_'.._.___,._r..- e = s d e : \ . Tt ] 1000
| o g 5 ; - o s = "4
| oy, i - £
| ; R | - Z 1 — - 500
o § o Y i i
1 i ; X L
[ N Rt / 300
20w | b L { Ay
| F L - LR
: : L = v 200
: ) %S " 180
| . i L :l A . ]
20°5 | y A 11/ r AT
| I i F t | 160
: ¥ E 0l s > »
40°5 | £ ciF T T T 1= o
: £ 5 < 140
i (. -
50°S | 120
| 8 - 12 July 2013, 500 mb level CO
id. i iy b, -k e PR e 100

TEB0TW  140°W  1Z0°W  100°W  BD'W  BO'W  40'W 20w 0'E 20°E 40'E BI'E BO'E 100°E  120°E  140°E  160°E



Quantification & Limitations
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MODIS 1 km Fire Observations

Middle IR Wavelength (3.96 pum)




Planck Radiation Law
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Thermal emission peaks in the MIR (3-5 um) region for fire temperatures
ranging from ~ 650 K (weak smouldering) to ~ 1400 K (strong flaming).




Radiative Transfer of Active Fire Detection
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Global Fires from MODIS

i

e 1km resolution — very sensitive to fires with ~ 4 passes per day.
e Global database — useful for evaluation of other products.
e Fires temporally variable - diurnal cycle - so geostationary very useful.
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Hotspot Map (Thermal) Roy et al. 2010)
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Global Burned Area & “Small Fire” Problem

Standard MODIS Burned Area Product “Small Fire” Burned Area Est. (from thermal)

BINGG:

Randerson et al., (2012)




Fuel Consumption Estimation

* Plants store 0.02% of solar energy across Earth 102 J yr1,

e Release ~ 20 kJ kgt when they burn.
* Much as thermal radiation.

Where FRP = Fire Radiative Power (Watts)
>FRP = Fire Radiative Energy (Joules)

CF = Consumption Factor (J kg)
[amount of energy radiated per kg]
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Fuel Consumption Estimation

* Plants store 0.02% of solar energy across Earth 102 J yr1,

e Release ~ 20 kJ kgt when they burn.
* Much as thermal radiation.

S FRP vs. Fuel Mass Burned

Slope is the “combustion

Fuel Burned = S FRP x CF factor” CF linking FRP to

biomass burned.

Appears
theoretically
~ constant

O Feathermoss
© Organic Soil "Duff"

FRP now part of the Global ~inkiRlok

© Sphagnum Moss

Climate Observing System o Miscanthus
Essential Climate Variables 5 6 7 8 9 10 11 12

Fuel Mass Burned (kg)

Fire Radiative Energy (MJ)
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LSA SAF FRP Products from
Meteosat SEVIRI




SEVIRI MWIR Band (5 mins)
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Operational SEVIRI FRP-PIXEL Product K

SEVIRI
Level 1.5
(every 15 mins)
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Outside Region

Not Potential Fire Pixel (PFP)
Detected Fire Pixel

Saturated Fire Pixel

Cloud

Sunglint

Warm Surface

Invalid Background Window
PFP Not Confired by Background
Cloud / Water Body Edge

Bad Data
Not Processed (e.g. Water)

Delivered operationally (high timeliness

and high reliability) as part of
EUMETSAT Land Surface Analysis
Satellite Applications Facility (LSA SAF).




SEVIRI MWIR Band
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FRP-PIXEL LIST & Quality Products

VALUE CLASS

NAME

FRP_OUTSIDE_ROIS

FRP_APL_NOTPOT

FRP_APL_FRP

FRP_APL_FRP_SAT

-1

FRP NOT
Estimated

FRP NOT
Estimated

FRP
Estimated

FRP
Estimated

IR3.9 pixel)

REASON

Pixels that are in the LSA
SAF regions (Euro, NAfr,
SAfr, SAme) but not in the
internal windows considered
for processing

Not classed as a potential fire
pixel (see Section 3.2).

Successful active fire pixel
detection confirmed, with FRP
estimation  derived  from
unsaturated 3.9 um signal .

Successful active fire pixel
detection confirmed, with FRP
(but saturated estimation derived with a

saturated 3.9 um
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LSA SAF FRP Grid Product
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SEVIRI — FRP-Pixel Fire Diurnal Cycle
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LSA SAF FRP Product Mean FRP
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Comparison to MODIS Active Fires




SEVIRI MWIR Band MODIS MWIR Band




SEVIRI FRP-Pixel and 2

MODIS Fire Detects
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(FRP-PIXEL vs. MODIS )
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Active Fire Pixel Comparison: FRP-PIXEL & MODIS

KCL VS MODIS: 0.91
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SEVIRI FRP-PIXEL Detections at Same Time & Within Same “Swath”



Regional Scale FRP Comparison
(FRP-PIXEL vs. MODIS )
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FRP Frequency Distribution

F,MODIS |
o 124
e 7r.seviri i Rollover” Thresholds

MODIS: ~10 MW
SEVIRI: ~ 40 MW

L]

10 ¢

A
&
~—
-
o
Q
-

[a—
| S
T T — Tt

FRP (MW)




CLOUDEDGE "

NCKNOT |
NOBACK |
SUNGRATIO |
SUNG |
CLOUD

FRP

MODIS Fire
b Produet -
/| Cloud Mask -

SEVIRI
Cloud Mask

FRP_SATURATED ! ‘

NOTPOT

2103

High conf. fire

Nominal conf. fire

Low conf. fire
Unknown

+{ Cloud free land

Cloud
Water
Not processed

Confident clear

Probably clear

Uncertain

Cloudy




—Finite: Impule
Roesponsc Filter

— Puinl Spread
Tunction (T-W)

)
5]
Z
=
¥
=
E
o
=
K
ol

Meteosat 8

Meteosat 9

(no FIR Filter) (standard FIR Filter)

208 307 316 325 334
BT (K)

291 307 316 325 335
BT (K)

340
—FIR Filter Off
—FIR Filter On

htness Temperature (Kelvin)

Brig

IR3.9

1300

1503 1510

Pixel Position Along Scan (E-W)




National Centre for
Earth Observation




LSA SAF African Fire Radiative Power
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Comparison to other SEVIRI Active Fire
Products available “operationally”




FRP-Pixel: Comparison to Alternative
SEVIRI Active Fire Products — 21 Aug 2014
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Fire Diurnal Cycle of SEVIRI Active
Fire Products
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Active Fire Detection Performance :
SEVIRI Fire Products vs. MODIS

1 Month Active Fire Error of Omission
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Cire Detection Performance :

RI Fire Products vs. MODIS
n Active Fire Error of Commission

Total detection
Confirmed by MODIS

Commission-error-{percent)
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Active Fire Detection
Commission Error Mapping

~28% (1247 of 4415
pixels) of false detections Rl £ IR

in FRP-Pixel Product from-

“solar  heated warm

slopes” in Angola.
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e Caused by Alg. “Spatial filter” using
static minimum threshold to save
processing time.

e Reduces to < 10% using dynamic
spatial filter (mean of all clear pixels).




Use of SEVIRI FRP-Pixel Product
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23 July 2009

> Fire expanded & burned initially exactly matching News reports.

» Fireflared again on 23rd July, as illustrated in FRP-PIXEL product.
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August 2007 Greek Fires
Copernicus Atmosphere Service
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