
1

[Thermal] 
Earth Observation of Landscape Fires

Presented by M. Wooster EO Science for a changing planet
www.nceo.ac.uk
@NCEOscience

1

Martin Wooster| martin.wooster@kcl.ac.uk |  NCEO-King’s

http://www.nceo.ac.uk/


2Global Burned Area [MODIS]
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Emissions
TgYr-1

% of 
Global 
Total

CO 300 – 600 30 – 45%

BC 5 – 7 45 – 65%
CH4 15 – 30 3 – 6%

VOC 20 – 40 10 – 20%
H2 5 – 15 15 – 40%

SO2 2 – 8 2 – 8%
6–10

(TgN yr-1)

•Global C emissions: ~2.3 Pg C/yr
• ~ ¼ occurs at deforestation frontier

NOx 12 – 20%

Global Fire Emissions Database (GFED)

Emitted Carbon (g m-2 yr-1)

Mean Climatology

Smoke Constituents
Bottom up 

Emissions   =  Burned   × Fuel   × Combustion   × EF
Species Area            Load         Completeness Species 

Fuel burned per unit area

Total fuel burned

Non Real Time



LANDSCAPE FIRES ALSO SPOTTED BY THERMAL EO



5Russian Federation
500 m burned areas
1 month

100 km

Roy et al. (2010)Burned Area (Reflectance)

Russian Federation
1 km Active Fires

Brazil, 500 m
burned areas
1 month

Brazil 1 km Active Fires

Roy et al.
(2010)



6Fire Radiative Power to Fuel Consumption



7Fire Radiative Energy & Fuel Consumption

Fuel Consumption = CF × Σ FRP

FRP now part of the Global 
Climate Observing System 
Essential Climate VariablesTheoretically

~ constant

Slope is the “combustion factor” CF
linking FRP directly to fuel 
consumption.
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~1 order of 
Magnitude in 

LWIR~3 orders of 
Magnitude in 

MWIR
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λ wavelength (m)
T temperature (K)
L spectral radiance (W.m-².sr -1.m-1)
C1 = 2πhc2 W.m 2

C2 = hc/kB m.K

Planck’s Radiation Law

Ground Pixel Coverage 
e.g. 1 km Thermal IR Pixel

Fire
[ temp. T, proportion p ]

Background
[Temp T, Proportion 1-p ]

Fires Give Differential Spectral Radiance Increase
with Temperature at 4μm and 11μm



9Radiative Transfer of Active Fire Detection
P = 0.005 (0.5%)

Fire
[ temp. T, proportion p ]

Background
[Temp T, Proportion 1-p ]

Meteosat Third Generation FCI (SH Africa)
LWIR – MWIR BT Difference Image Slot

RGB                                MWIR
(penetrates smoke)
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Inverse

MWIR (e.g. 3.9 µm )

290 K                 310 K

LWIR (e.g. 11 µm )
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Level 1b DataActive Fire 
Detection 
Algorithm

EO Observations
Level 1b Data



11Challenge 1 – Fire Detectability (Scales with Pixel Area)

Town of Paradise (Landsat) 

During Fire                      Before Fire

Wildfires

Peatfires

Crop Residue Fires

Understory Burn



12

Pi
xe

l S
iz

e 
(k

m
)

Scan Angle (degrees)
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Mitigation:  Small Pixels & Limit Pixel Growth VIIRS Across Scan Pixel Growth

3 Pixel 
Aggregation

2 Pixel 
Aggregation

No
Aggregation

SLSTR Pixel Growth Impact on FRP



13NTC SLSTR L2 FRP Product (SLSTR vs. Terra MODIS)

Brazil

January
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FRP Frequency Magnitude 

Small Pixel Benefits - Agricultural Residue Burning (China)

MODIS (blue) and VIIRS-I band (red) 

2nd June 2013 Unavailable to MODIS on Aqua
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Date (1st Oct to 30th Nov 2015)

Active Fire Detections



15What Pixel Size Might Be Required?

• 1km 

Sperling, Wooster and Malamud 
https://doi.org/10.3390/fire3020011

50 m Pixels vs. 1000 m Pixels Multiple Size Pixels

https://doi.org/10.3390/fire3020011
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13th August 2018 (Night-time)

20 km

Aircraft ImageryAircraft Imagery

Detailed Infrared Imagery from Aircraft

Sentinel-3 SLSTR MWIR Image

2 km
Pixel Temperature 

< 0 oC > 50 oC

Temperature 

Low              High 

Wildfires
Zoom

Boreal Wildfire Flight

Validation: Example of Sentinel-3 SLSTR FRP


Me
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MTG FCI MWIR-LWIR Brightness Temp. Difference (1 km Data)

Southern Africa
13:00 UTC; 31 July 2024

Challenge 2 – Spatial vs. Temporal Resolution Trade-off
[so Rapidity of Detection vs Minimum Detectable FRP)
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19Mitigation: Rapidity of Detection & Relatively Small Pixel Area

FRP Record
[Regional]
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Different ways of estimating fire activity and associated emissions of gases and aerosols  using Earth Observation.
• Only way to effectively get information at regional / national / global scales consistently, and at temporal resolutions needed

Challenge 3: Estimating Fire Emissions from AF Data

“Bottom-Up” “Top-Down”

(estimated)
Emissions

(measured)
Satellite FRP

(estimated)
Emissions

GFED, GFAS, FLAMBE, FINN
FEER, FREM

(measured)
Burnt Area 
Active Fires

(modelled)
Pre-fire fuel load

(modelled)
Combustion 

Completeness

Uncertainties?
Assumptions?

Methods 
Widely Used 

and Evaluated

More 
Quantified 

Uncertainties

Newer and 
Less Tested 
but Based 
ONLY on 

Observations 
so Far Fewer 
Assumptions
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• Derive the relationship from matching FRE and fuel 
consumption data (e.g. GFAS uses GFED-estimated 
dry matter consumption).

Solution: Three Approaches to Convert FRP into Fire Emissions
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• Assume fixed conversion factor between 
FRP and fuel consumption rate (e.g. from 
ground-based experiments).

• “TOP DOWN” - Derive relationship from matching 
FRP and smoke plume data e.g. total CO (FREM/FEER).Al
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GFAS: Kaiser et al. (2012) 

Nguyen et al. (2023) 

Wooster et al. 
(2005)
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D

CO emissions derived from coefficients linking geostationary FRE to in-plume CO in different biomes.

Sentinel-5P Total Column CO

VIIRS RGB Image of Plumes

• Applied to Meteosat FRP record for Africa 

• CO emission estimates very close to GFED4.1s -
derived using completely different data & method

Emission Coeffs for Six “Fire Biomes”Example for Three Fires

Meteosat AF Pixels where FRE is Derived

Geostationary FRP & Sentinel-5P Total Column CO Use in FREM
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Time-series agreement

First Evaluation of FREM Approach & Operational Product
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African Fire Radiative Power



25Global, Real-Time Fire Information

Fire Radiative Power “Strength” [Wm-2]

Aerosol Optical Depth

Low                                       High

Global Fire Timeseries

Regional Air 
Quality
Impacts

Global Carbon Monoxide



26El Niño & Fire, Air Quality & Health in SE Asia

100 km

PM10 >3000 µg.m-3

Smoke Plumes, South Kalimantan Smouldering Peatlands, Central Kalimantan

Sept 2015

Palangkaraya, Central Kalimantan

Purple Air Sensor
Deployment

PM2.5 = 415 µg.m-3



27In Situ PM2.5 Sensors (Purple Air)
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CAMS
In Situ

PM2.5 & AF Pixel Counts              CAMS model PM2.5 vs. In Situ PM2.5

1 2

3        4

Evaluation of CAMS Model PM2.5 Surface Conc.



28Fire Radiative Power Emissions Calculations 
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Thank you for Your Attention 

NASA FIRMS
“Advanced Mode”
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