Fire characterization in the
Amazon using multi-scale,
multi-spectral satellite
measurements

lvan Csiszar, Wilfrid Schroeder, Tatiana Loboda, Douglas Morton
University of Maryland, Department of Geography

Louis Giglio

Science Systems and Applications Inc.

Jeffrey T. Morisette
NASA Goddard Space Flight Center

Acknowledgments: Elaine Prins, Chris Schmidt, Alexandre Santos



Background

“Quantifying the accuracy of the MODIS fire

product and distinguishing between conversion

and maintenance land cover dynamics” (LBA

LC-23)

— Validation of MODIS active fire product over Brazil

— Classification to distinguish between conversion and
maintenance fires

“Land-Cover/Land-Use Change and Carbon

Dynamics in an Expanding Frontier in Western

Amazonia: Acre, Brazil” (LBA LC-02)

— evaluation of GOES and MODIS fire data using
ground truth
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_ABBA Observations of Fire Activity
the Tri-Frontier from 2000 — 2004

2000 — 2001 Difference Plot 2000 — 2002 Difference Plot
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The difference plots show fire pixels unique to each year and can show regions of exp
the tri-frontier.
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New project

alysis of Long-Term Fire Dynamics and
Impacts in the Amazon Using Integrated
Multi-Source Fire Observations” (LBA LC-35)

— multi-platform fire product validation (MODIS,
GOES)

— development of multi-sensor fire product
— creation of 11-year fire record
— creation of emission data record
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Value added products

* “Traditional” approach
— yes/no binary active fire product
* location of pixel flagged as containing fire

— yes/no binary burned area product

* identification of pixel/gridcell where fire occurred
and the approximate date of burning

* More detailed exploitation of the radiative
signal for fire characterization is still in the
research domain



ODbjectives of this study

» Evaluate the potential and limitations of a
set remote sensing data for the
characterization of fires in the Amazon

— a. intensity of burning
— b. severity of burning

« Compare to type of fire — conversion vs.
maintenance

* Are the above three indicators
complementary of inter-related?



Data

MODIS 1km active fire and thermal anomaly
product (MOD14)

— fire locations and Fire Radiative Power

« MODIS 500m dalily reflectance product (MODQ09)

— burn severity

« ASTER 15-30-90m Level 1B registered radiance
at the sensor
— fire locations

« ASTER 15-30m Surface Reflectance (ASTO7

— burn severity
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R triplets

burned areas

active fires
L1B filename Date Time Lat Lon
B#00308032003141908 10062005131749.hdf 3-Aug-03 14:19:08 -10.04 -59.91

T L1B#00308192003141917_09162005123510.hdf 19-Aug-03 14:19:17 -10.04 -59.92
AST L1B#00309042003141918 09232005111625.hdf 4-Sep-03 14:19:18 -10.05 -59.89
AST L1B 00308032003142010_09162005124108.hdf 3-Aug-03 14:20:10 -13.79 -60.74
AST L1B 00308192003142019 09162005123608.hdf 19-Aug-03 14:20:19 -13.78 -60.76
AST L1B 00309042003142020 09162005124413.hdf 4-Sep-03 14:20:20 -13.79 -60.7
AST L1B#00308032003141952 10062005132010.hdf 3-Aug-03 14:19:52 -12.72 -60.5
AST L1B 00308192003142001_06142005114950.hdf 19-Aug-03 14:20:01 -12.71 -60.51
AST L1B#00309042003142003 10062005132040.hdf 4-Sep-03 14:20:03 -12.72 -60.49
AST L1B#00308192003141917_09162005123510.hdf 19-Aug-03 14:19:17 -10.04
AST L1B#00309042003141918 09232005111625.hdf 4-Sep-03 14:19:18 -10.05
AST_L1B#00309202003141934 _09172005110842.hdf 20-Sep-03 14:19:34
AST _L1B#00308212003140554 10062005131846.hdf 21-Aug-03 14:05:54
AST L1B#00309062003140554 10062005132202.hdf 6-Sep-03
AST_L1B#00309222003140613 10062005132233.hdf 22-Sep-03




iIre Radiative Power

total integrated instantaneous rate of radiative
energy emitted by all fires within the satellite pixel
(Kaufman et al., 1998; Wooster et al. 2003):

FRP= A,c0d [T MW]

A, = the total area of the satellite pixel [m?]
€ = fire emissivity

o = Stephan-Boltzmann constant [5.67x10® J-'m~K4]
f. = fractional area of the ith thermal component
T'=temperature of the ith thermal component [K]
n = number of thermal components




Fire Radiative Power (FRP)

Fire Radiative Power has been shown to
correlate with instantaneous biomass
consumption rate (Wooster et al., 2002, 2003).

MODIS on the experimental polar orbiting Terra
and Aqua satellites is the first sensor to enable
systematic retrievals of FRP at a global scale
(Justice et al., 2002).

FRP is part of the standard MOD14 product
suite

ASTER saturation levels are too low for FRP
retrieval iIn most cases

Take advantage of coincident observations from
MODIS and ASTER at different scales



Example FRP retrievals

August 19 2003 14:19:17

ASTER 8-3-1 RGB ASTER fire mask

MODIS active fire product; yellow: high confidence, blue: nominal confidence



Example FRP retrievals [MW]

26.09 44.51
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MODIS Measured PSF
(1km nadir observation)
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Example FRP retrievals [MW]

26.09 44.51
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MODIS Measured PSF
(1km nadir observation)
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Example FRP retrievals [MW]

FRP = A ‘C’UZ f k T (assuming constant f and uniform T)) FRP, = FRP x n/z k

k = MODIS PSF 26.09  44.51
n = number of ASTER fire pixels

ORIGINAL



RP example [M\W]

69.27
120.53

63.98
126.62

ORIGINAL
CORRECTED
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maintenan




Situ observations
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Ison with classification

results
Mean Mean
FRP FRP,

Conversion 26.51 50.51

Maintenance 41.47 65.78

FRP values in [MW]
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rison with classification

results
Mean Mean Mean
FRP FRP, FRP,

Conversion 26.51 50.51 2.38

Maintenance 41.47 65.78 1.35

FRP values in [MW]




Comparison with classification

results
Fire type Mean Mean Mean Mean #
FRP FRP, FRP, ASTER
Conversion 26.51 50.51 2.38 26
Maintenance 41.47 65.78 1.35 70

FRP values in [MW]

Over our limited sample, fire radiant intensity tends to be
higher for deforestation (conversion) fires than for
maintenance fires. Original FRP measurements indicate
the opposite.



Burn severity

malized Burn Ratio

NBR = RNIR P RSWIR Ryir = near-infrared reflectance
d R + R Rswir = shortwave-infrared reflectance
NIR SWIR
Rnir Rswir

ASTER |Band 3:0.76 - 0.86 uym Band 6: 2.185 - 2.225 um
MODIS Band 2: 0.84 - 0.88 uym Band 7: 2.11 - 2.16 ym

 Normalized Difference Burn Ratio
dNBR = NBRp NBR

reburn ~ pos



Brazilian Amazon



MODIS dNBR vs. ASTER dNBR
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*MODIS grid mapped onto ASTER
«area with burn scars, but no clouds and cloud shadows selected
-compared MODIS dNBR with original resolution and aggregated ASTER dNBR



MODIS dNBR vs. ASTER dNBR
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[ ] MODIS scar
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dnbr
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FRP. vs. dNBR

mean
[MW] dNBR
1.123 105
1.168 48
1.545 232
2.481 438
4.342 201

*very limited sample

*no tendency to correlate
observed

einstantaneous vs.
cumulative

time-integrated FRP:
Radiative Energ




Conclusions

* Fire Radiative Power
— provides direct observation of the burning process

— adjustments are necessary for individual quantitative studies — fusion
of MODIS and ASTER provides a way

— normalized radiant intensity higher for conversion than for
maintenance fires (?)
» Differential Normalized Burn Ratio

— scale of the heterogeneity of burning does not allow the meaningful
use of MODIS-derived dNBR

— higher resolution dNBR (e.g. ASTER) useful for mapping burned
areas

— more ambiguous signal

» provides cumulative observations: implicitly includes post-fire processes
also!

— just a “snapshot” of multi-year processes: cannot clearly distinguish
between fire types

— additional information on burning?



Future
. FRP

— evaluate statistics of instantaneous fire sizes
» decouple size/intensity signal in FRP

— evaluate view angle effects
— Include FRP in regional and local scale analyses

« dNBR

— analyze ground and aircraft observations

— look at alternative ways to explore information
from reflective bands

* develop multi — parameter, multi-sensor fire
products -> LC-35 project
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