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Executive Summary

The Fire Detection and Characterization Algorithm (FDCA) generates the Option 1
fire product.

Version 5 to be delivered in June. ATBD (100%) is on track for a July delivery

The GOES I-P;Met-8/-9;MTSAT-1R Wildfire Automated Biomass Burning
Algorithm served as the basis for the FDCA.

FDCA and the WFABBA primatrily rely on the ~4 and ~11 micron bands.

Validation consists of custom datasets created from MODIS, NWP, and ASTER
data. SEVIRI proxy data is not sufficient given instrument differences.

Analyses indicate spec compliance for the product.

Technical Interchange Meeting (TIM) is scheduled




Algorithm Description




Algorithm Summary

The Fire Detection and Characterization Algorithm (FDCA) generates the Option 1 Fire product.

This product has several properties: instantaneous fire size, instantaneous fire temperature, and instantaneous fire
radiative power (FRP), as well as a metadata mask.

The FDCA is a dynamic, multi-spectral, thresholding contextual algorithm that uses the visible (when available) and
the 3.9 and 11.2 (in the future 10.35 as well) um bands to locate fires and characterize sub-pixel fire characteristics.
The 12 um band is used along with the other bands to help identify opaque clouds.

The FDCA identifies/records block-out zones due and does an initial pass at identifying and characterizing all
remotely possible fire pixels.

It then proceeds through a multi-layer decision tree to determine if a pixel is a possible fire pixel by comparing the
pixel to these fire thresholds.

Once a hot pixel is located the algorithm incorporates ancillary data to screen for false alarms, correct for water
vapor attenuation, surface emissivity, solar reflectivity, and semi-transparent clouds. Pixels that fail certain tests are
given a second chance later in the decision tree to become a possible fire pixel.

The algorithm utilizes the Dozier technique to calculate sub-pixel estimates of instantaneous fire size and
temperature. Fire Radiated Power (FRP) is also calculated.

At the end of the FDCA, additional thresholds are applied, high temporal resolution data is used to filter out false
alarms, and appropriate confidence levels are assigned to the fire product.




Motivation for Algorithm
Channel Selection

» The FDCA builds on the WF_ABBA that is applied to current satellites, which itself builds
on the work of Matson and Dozier who showed a technique to detect and characterize fires
using the ~4 and ~11 um bands.

* Basic fire detection relies on the 4 um radiance changing faster with fire temperature and
size than the 11 um does.

» Opaque clouds are screened using 4, 11, and 12 um observations and the “red” visible

band during daytime hours. These screens are different than those employed by the cloud
algorithms to account for the partial transparency of clouds to fires.

» The GOES-I through -P Imagers provided the visible, 4, and 11 um bands.

» The GOES-I through L Imagers provided 12 um observations which improved cloud
screening performance.

* The GOES-R ABI provides the same bands as GOES-I through L, but at better resolution
and fidelity.




Expected ABI Performance
Relative to Other Sensors

» Compared with SEVIRI and current GOES, ABI has better temporal and spatial

resolution, better navigation, and lower noise. ABI will perform better than any
previous geostationary sensor for fire detection and characterization.

» Polar orhiters such as VIIRS and MODIS have better resolution. VIIRS has a data

averaging strategy and a saturation point for 11 um such that its overall performance
IS not likely to greatly exceed ABI.




FDCA Processing Schematic
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MODIS Simulated ABI Data in Southern California
Date: 23 October 2007 Time: 18:25 UTC

GOES-R ABI 3.9 pm data CIMSS GOES-R ABI WF_ABBA
Fire Mask Product
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Algorithm Changes from
80% to 100%

Converted temporal filtering from legacy ASCII file
method to module-based method accessing a HDF
file (can be adapted to NetCDF or in-memory
processing).

No substantial changes to the science.

Metadata output added.

Quality flags standardized.




ADEB and IV&V Response
Summary

e All ATBD errors and clarification requests have been
addressed.

e V&V raised issue of modeling fires at high zenith

angles for proxy data, an area which requires additional
research and doesn’t impact meeting requirements.

e No feedback required substantive modifications to the

approach, however further work to apply improvements
of ABI to the Fires algorithm was encouraged.




Requirements Specification
Evolution

Current requirements:

Product Accuracy Precision Latency horizontal
(CONUS, resolution
Full Disk)

Fire/Hot SpOt 2.0 K brightness 2.0 K brightness 4.4 min 2 km

temperature within | temperature within
Imagery dynamic range dynamic range (275
: 275 K to 400 K K to 400 K
Fire/Hot Spot ( ) )

Characterization

Requirements have been unchanged during development.




Qualifiers

The qualifiers have not changed:
e Day and Night

e Quantitative out to at least 65 degrees LZA
and gqualitative beyond

o If feature Is obscured by thick clouds, product
will not meet threshold measurement

accuracy




Validation Strategy




Validation Approach

During algorithm development: Assess detection performance and
accuracy of fire characterization

Detection performance
e MODIS-derived cases: compare to MODIS fire detects (collection 5 or 6 as available)
e CIRA model-derived cases: fire locations are known and prescribed

Fire characterization performance
e MODIS-derived cases: does not apply

e CIRA model-derived cases: fire characteristics are prescribed, however applied Point
Spread Function (PSF) modifies the “truth” that the satellite sees, so the PSF-altered
truth is compared to the algorithm output

Approach: Utilize multiple cases from both datasets

Quantitative measure:

o MODIS-c;erived cases: detection rates relative to MODIS fire detects (not an absolute
measure

o CIRA model-derived cases: probability of detection, false alarm rate, accuracy. of fire
characterization
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Validation Approach

Long-term Validation Plan: Assess we @ T
detection performance and accuracy of iﬁ o o 2
fire characterization using additional }’ ,,.,;fg
satellite data 3 Jgﬁ o B&T
SRR Y
High resolution satellite data: ' ‘ il if‘
e ASTER and Landsat type data showing fires is & & ﬁ'
available down to ~30 m resolutions. B TT L
o Data from MODIS and ASTER can be remapped to ; %‘ : W"
ABI projection and spectral response R %,
e FDCA is run on the simulated data to assess . TR IR, "
performance ¥
e Simulates real-world validation with similar high- b 0y ‘a;
resolution satellites once ABI is available " » ¥ ey R
[ " lKilometers ‘., % #;‘

Additional model cases: GOES-R ABI nominal pixels (grid) overlaid on

e Additional cases to be generated from models to C°i”°‘d3’“ SOIIRESOLITICIINET SSpnin [ Sl 6-3-1)
3 F - i 19 Oct 2002 14:21:59UTC. ABI Fi
further assess characterization performance in oS are OO in red. )
particular.




Validation Results




FDCA Validation Against
Requirements

Fires specification is that
brightness temperature
created from fire
characteristics and the applied

corrections has to match input
to within +/- 2K.

For all of the CIRA model
cases using output file data,
the difference is usually <0.1
K. Itis not zero due to
precision of values in the
output file. When calculated

internally to the algorithm the
difference values are <0.001 K.

ved 4 micron

nicron Adjusted BT — Der

344 360
4 micron Adjusted BT [K]



MODIS-based
Fire Detection Validation

Comparison of ABI Fire Product with MODIS Fire Product in South America
ABI data created from MODIS images via PSF remapping
Date: September 7, 2004 Time: 17:50 UTC

ABI WFABBA Fire Mask ABl WFABBA Fire Mask with MODIS overlay
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CIRA Model Simulated Case Studies™

CIRA Truth ABI WF_ABBA
Total Total # of
# of Ifféf ABI fire Toé‘;i" 1 % rFire Total # of fire % Fire pixels
fire fire pixels > detected clusters pixels detected > detected > FRP % False alarms
clust ixels* FRP of 75 clusters detected* FRP of 75 MW* of 75 MW*
ers* P MW*
Kansas 0 0 0
CENOCLD 9720 63288 52234 9648 99.3% 47482 90.9% <1%
Kansas 9 0 9
VENOCLD 5723 36919 26600 5695 99.5% 551 80.6% <1%
Kansas 0 0 0
CECLD 9140 56553 46446 8768 95.9% 39380 84.8% <1%
Cent. Amer. 0 0 0
VECLD 849 2859 1669 808 95.2% 1424 85.3% <1%
Oct 23, 2007
California 990 4710 2388 989 99.9% 2090 87.5% <1%
VFCLD
Oct, 26 2007
California 120 522 252 120 100% 211 83.7% <1%
VFCLD

CFNOCLD | Constant Fire No Cloud

A Limit to ~ 400K minimum fire temperature
VFNOCLD | Variable Fire No Cloud

CFCLD | Constant Fire with Cloud

* In clear sky regions, eliminating block-out zones

VFCLD | Variable Fire with Cloud
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CIRA Model Simulated Case Studies
CIRA Truth* ABI WF_ABBA
Total Fire Total FRP
. Total Total Total
Total Fire Total Area Non- Non- WEABBA Total WEABBA WEABBA
Area FRP saturated Saturated Fire AREA* WFABBA Fire Area % FRP % of
(km?) (MW) WFABBA WFABBA (km?) FRP* (MW) of “truth” “truth”
Match (km?) | Match (MW)
e 2.5X10 9.2X108 4.2X103 2.0X107 4.2X103 1.8X107 98.8% 91%
CFNOCLD ' ' ' ' ' ' '
2ENEEE 1.4X104 | 1.6X108 4.8X103 1.6X107 3.7X103 1.0X107 77.4% 66%
VENOCLD ' ' ' ' ' ' '
Kansas CFCLD 2.5X104 9.2X108 3.1X103 6.2X107 2.5X103 1.6X107 81.6% 25%
CEIE A4, 159.4 2.0X106 86.0 5.8X105 48.4 4.0X105 56.3% 69%
VFCLD ' ' ' ' ' ' '
Oct, 23 2007
California 158.4 3.7X108 100.0 9.1X10° 125.9 9.5X10° 125.9%. 105%
VFCLD
Oct, 27 2007
California 19.2 1.6X10°% 12.7 8.1X104 7.2 8.1X104 57.1% 100%
VFCLD
CFNOCLD Constant Fire No Cloud
VENOCLD | Variable Eire No Cloud * The WF_ABBA fire area estimates are for non-saturated processed fire pixels. No extrapolation is done for other
non-processed category fire pixels.
CFCLD Constant Fire with Cloud
VFCLD | Variable Fire with Cloud " The Kansas case study included 41% saturated fire pixels that could not be compared with ABI WF_ABBA output.

Note: Results are for a minimum fire temperature of ~400K in clear-sky conditions



Validation Results Summary
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Summary

e The ABI Fire Detection and Characterization

Algorithm provides continuity in fire detection while
utilizing the new capabilities offered by the ABI

e Version 5 will soon be delivered and the 100%
ATBD is coming.

e The product meets the current specifications




Requirements

GOES-R mission requirements for fire detection and characterization
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Fire/Hot Spot
Imagery 2.0 K brightness

Fire/Hot Spot temperature within
Characterizatio dynamic range
n

Fire/Hot Spot
Imagery 2.0 K brightness

Fire/Hot Spot temperature within 266 sec

Characterizatio dynamic range
n
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