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1.) Briefly introduce the term Fire Radiative Power (FRP)

2.) Overview of advantages and disadvantages of observing fire 
activity from geostationary and polar orbiting satellites. 

3.) Describe how we used frequency density (f-D) distributions of 
FRP to link active fire products.

4.) Discuss our deliverable: a “virtual” fire product.

5.) Questions
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(1) FRP (MW) is a measure of the rate at which radiant energy is emitted by a fire. 

(2) FRP is calculated using either the pixel brightness temperature or the radiance 
measured at a thermal infrared wavelength (~3.9mm).

(3) The integration of FRP over time yields FRE (MJ), which is a measure of the 
total radiant energy emitted over the lifetime of a fire.

(4) Measurements of FRP and FRE have been shown to be directly proportional to 
the rate of fuel consumption and the total amount of fuel consumed, 
respectively. 

(5) Estimating fuel consumption from measurements of FRP circumvents 
knowledge of burned area, pre-burn fuel load, and consumption completeness. 
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Example of a diurnal cycle of Example of a diurnal cycle of 
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03 FEB 2004
Continental scale
15-minute temporal resolution
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MODIS is able to detect smaller 
and less intense fires
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Problem StatementProblem Statement

Given the opposing advantages and disadvantages of 
geostationary and polar orbiting satellites, is there a way to 

combine the SEVIRI and MODIS datasets to provide a more 
accurate spatio-temporal representation of active landscape fires?
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Hypothesis:Hypothesis:
Frequency density (f-D) distributions of FRP can serve as unique thermal 
signatures of fire activity and as such can be used to cross reference observations 
of fire activity between different sensors.
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……so…so…

we constructed a database of coincident pairs of SEVIRI we constructed a database of coincident pairs of SEVIRI 
and MODIS fand MODIS f--D distributions of FRP.D distributions of FRP.



SEVIRI February 1st, 2004 @ 1312 UTC 
MODIS February 1st, 2004 @ 1315 UTC

Step 1:
Subset the original 
SEVIRI and MODIS 
fire products for 2004 to 
only the fire pixels that 
were detected 
concurrently (±6 
minutes) and within the 
center 2/3rds of the 
MODIS swath.



SEVIRI
MODIS

The “Training Dataset”The “Training Dataset”
Annual set of coincident 

SEVIRI & MODIS fire pixels

February 1st, 2004 through January 31st, 2005



SEVIRI
MODIS

February 1st, 2004 through January 31st, 2005

Step 2:
Fire pixels within the 
training dataset were 
aggregated into a variety 
of spatio-temporal 
windows to generate 
680,000 unique pairs 
SEVIRI and MODIS f-
D distributions. These 
pairs were then archived 
in a database.



Application of the “fApplication of the “f --D matching technique”D matching technique”

The database of coincident SEVIRI and MODIS fThe database of coincident SEVIRI and MODIS f--D D 
distributions was used to adjust the original SEVIRI distributions was used to adjust the original SEVIRI 
active fire product to account for the smaller and less active fire product to account for the smaller and less 

intense fires that would have been detected by MODIS. intense fires that would have been detected by MODIS. 



First, an original SEVIRI f-D distribution was 
constructed in a 5° grid cell…



Next, the original SEVIRI f-D distribution was 
matched to an archived SEVIRI f-D distribution stored 
in the database based upon the lowest chi square test 
statistic…
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And the counterpart MODIS f-D distribution was 
retrieved from the database.



f

The original SEVIRI f-D distribution and the matched 
MODIS f-D distribution were then used to calculate 
f FRP which was then applied to the grid cell



f f

This “f-D matching technique” was iterated over all 
grid cells…
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f f f f f

This “f-D matching technique” was iterated over all 
grid cells…
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Continental scale retrievals of Continental scale retrievals of ffffffff FRPFRP

at 15at 15--minute temporal resolutionminute temporal resolution

• SEVIRI-to-MODIS ratios exhibited 
a strong diurnal cycle as evidenced 
by the separation of the daytime and 
nighttime retrievals. 

• Temporal variability in the ratios 
was greatest right before dawn.

• SEVIRI measures a greater 
proportion of the FRP potentially 
detected by MODIS during the 
daytime due to the increased 
prevalence and stronger radiant 
contribution of highly energetic fire 
pixels



The “Virtual” Fire Product…The “Virtual” Fire Product…

is an estimate of the FRP 
that MODIS would have 
measured in 5° grid cells 
if it observed fire activity 
at 15-minute temporal 
resolution and continental 
coverage.



Conversion of FRP Conversion of FRP 
to Carbon Emission ratesto Carbon Emission rates

FRP                                 (MJ sec-1) 
× 0.368                            (kg/MJ)
fuel consumption rate      (kg sec-1) 
× 47% carbon content      (kg/kg)
Carbon emission rate       (kg sec-1)



Monthly biomass burning emissions Monthly biomass burning emissions 
inventory for Africa in 2004inventory for Africa in 2004



A very strong linear relationship was found 
between estimates of carbon emissions using 

the “virtual fire product” and the  FRP 
contained in the MODIS Collection 5 

Climate Modelling Grid (CMG). 

Continental & Weekly Scale 5° Grid & Weekly Scale
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products.products.

(2)(2) Geostationary Geostationary and polar orbiting datasets can be and polar orbiting datasets can be 
synergistically assimilated to enhance carbon emission synergistically assimilated to enhance carbon emission 
inventories.inventories.

(3)(3) Relationships developed between the virtual fire product Relationships developed between the virtual fire product 
and the MODIS CMG fire product show the potential for and the MODIS CMG fire product show the potential for 
estimating carbon emissions at times between the MODIS estimating carbon emissions at times between the MODIS 
overpass.overpass.



Questions?



MODIS

SEVIRI
FRP FRP

FRP
=f

• Temporal variability in the ratios 
was greatest when comparing 
instantaneous observations. 

• Temporal variability in the ratios 
decreased as fire pixels were 
aggregated into daily, weekly, and 
monthly intervals.

• Low frequency trends in the ratios 
followed the seasonal migration of 
fire activity.

Continental Continental ratiosratios



Annual ratiosAnnual ratios @ @ 11°° Grid Cell ResolutionGrid Cell Resolution

MODIS

SEVIRI
FRP FRP
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Retrieved Retrieved rr atiosatios via the fvia the f--D D 
matching techniquematching technique



Measured Measured rr atiosatios in the in the 
training datasettraining dataset

Retrieved Retrieved rr atiosatios via the fvia the f--D D 
matching techniquematching technique

Retrievals of f FRP in 2004 exhibited seasonal 
trends similar to the measured ratios, 

however the retrieved trend was much flatter. 



Measured Measured rr atiosatios in the in the 
training datasettraining dataset

OptimizedOptimized rratiosatios via the via the 
synchronization procedure synchronization procedure 

Retrieved ratios were synchronized to the 
measured ratios by either stretching or 

compressing the diurnal cycle. 


