A Sub-Pixel-Based Calculation of Fire Radiative Power from MODIS
Nebrask Observations: Retrieval, Validation, and Sensitivity Analysis

Lincoln David Peterson?, Jun Wang', Charles Ichoku?, Edward Hyer3, Vincent Ambrosia*

! University of Nebraska - Lincoln, 2 NASA - Goddard Space Flight Center, 3 Naval Research Laboratory, 4 NASA - Ames Research Center
Contact Information: david.peterson@huskers.unl.edu

l. Introduction and Motivation lll. Validation of Retrieved Fire Area VIl. Sub-Pixel MODIS FRP; vs. the Current MOD14 FRP (FRP )

Using satellite, airborne, and meteorological data, this study develops and validates a new sub-pixel-based Incorporate the high-resolution data (3-50 meters) obtained from the Autonomous Modular Sensor (AMS), FRP Compari Clustering Sum of Pixel-Level Refrioval
omparison ustering sum o IXei-Leve etrievails

calculation of fire radiative power (FRP) for fire pixels detected at 1 km# nominal spatial resolution by the flown aboard NASA's lkhana Unmanned Airborne System (UAS). * FRPyis strongly correlated to the current DRSeAmae T T
MODerate Resolution Imaging Spectroradiometer (MODIS) fire detection algorithm (collection 5). A two- e MODIS FRP, (R =0.93), but also L von - oa e | [ z;::z:g:é}

component model (Dozier method) for retrieving sub-pixel fire area fraction and temperature has been e BBl & | | . selilsiios eel ol [Rimeilon:

available since 1981. However, in the current investigation, modifications are made to the retrieval to - | _ Near-Nadir — case#2  The combination of FRP; and cluster fire
account for atmospheric effects by implementing output from a radiative transfer model at 3.96 and 11 ym VR T area can be used differentiate large fires
(MODIS fire detection channels). In addition, two clustering techniques are implemented to mitigate errors burning at a low intensities from small fires
that may exist when using individual pixels. The FRP,, in combination with retrieved fire cluster area, allows burning at a high intensities.

a large fire burning at a low intensity to be separated from a small fire burning at a high intensity, which will
likely improve estimates of smoke plume injection heights in modeling studies and could enhance fire-related

applications using the future GOES-R and VIIRS sensors.
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| R A Fig. 7. (Left) Pixel-level comparison between the current MODIS FRP, and FRP;. (Right) Cluster-level comparison between
RSl SSE SERSSa™ - Sumin Sanl MODIS FRP,, per cluster area and FRP; per fire area (FRP; flux) using the sum of pixel-level retrievals method.
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» Develop a sub-pixel FRP algorithm for MODIS 8 *’ J A %  Advantages ‘
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Test/Apply the retrieval on several fire events [Egesi “ “es Fig. 3. (Top) an example AMS and MODIS collocation map. Of the many inputs, the retrieval is most sensitive to background temperature noise, primarily at 11 pm.
‘\_'\x-ﬁ:}-;_?.... TR W e ) A - Proportional to amount of smoke released (Right) Spatial representation of all six colocation case studies in
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Near Edge Case #6

; Background clutter creates input errors (e.g. case #1, Fig. 3) (a) (b)

Related to the smoke plume height
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pixel mesh. The three MODIS pixels containing a red asterisk ~ ¥** | e IR et s T NENEREEE N - s e el L Py Csmee- s
wpEy . ° R i L i T e L1/ 298 301 304 307 310 - MODIS: 305.53 + 7.11 . - MODIS: 298.43 + 6.21
and brown “E” indicate where the MODIS background I L — | —r — = : - AMS: 51049 '% "0.2i : - AMS: 300.13 3 .80
temperature was higher than the mean pixel temperature ] T - : : :
These pixels have equal FRP? (retrieval error, see Section VII). The viewing zenith angle (VZA) L B Y
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increases from case #1 (13°) to case #5 and #6 (64°). | Longitude (deg) Longitude (deg)
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High fire temp.  Cooler fire temp. IV. Indirect Effects on Retrieved Fire Area

Small fire area Large fire area AMS and MODIS fire area comparisons have shown promise for a fire area greater than ~0.001 km? (1000 : . VZA < 40 Deg. : . V2A < 40 Deg. |
m?), but the accuracy of the retrieval is affected by the scan characteristics and sub-pixel fire properties. :  VZA = 50 Deg. J :  VZA = 50 Deg. ]

VZA = 64 Deg. ] - VZA = 64 Deg. ]
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We need FRP per fire area!

Fig. 1. Schematics showing the potential issues caused by sub-pixel fire
characteristics for the current version of the MODIS fire detection algorithm.
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Il. MODIS Sub-Pixel Retrieval and Case Study Specifics . e s/

- MODIS (Retrieved) Fire Area = 0.0041 km? g T MODIS (Retrieved) Fire Area = 0.0265 km? ] Longitude (deg)

| Percent Change =70.71% i . Percent Change = 42.52%
| Fig. 8. (Top) Comparison of MODIS and AMS
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L, = PB(A;;,T;) + €44,(1-P)L g LOOKUP TABLES (4 and 11 pm) I oS ISR | i st Lk f between the MODIS fire product backgrouna % ;7 TRe T e

1= PBOn T+ €41p(1-P)l s . SBDART Radiative Transfer Model opis:] 005 < 004 { [ e s goe | 5 Standard Deviaton - 35211 | 5 Standard Deviation - 7920 temperature and the AMS derived in-pixel A ria e E : " T50-250 M
adiative lranster Viode AMS: 004 + 0.04 o o ., | | Bias = -0.0064~ * . : : ak ] C ok 7 o 50-150 MW o 50-150 MW

where L = radiance, B = IR Planck Function, P = fire area fraction, (Ricchiazzi et al., 1998) e e 5 e background temperature at 4 and 11 um. - ® <50 MW | ' ® <50 MW

T, = fire temperature, L, = background radiance, and * Account for atmospheric effects

(Right, c,d) Pixel-level fire area sensitivity to Y
e, = assumed background emissivity_ y Vary the pOtential geometries errors in the 4 and 11 MM background temp
b  Vary the surface temp. (bottom of atmosphere)

Casetsamame | NN { B ' VIil. Concluding Remarks

- = 5 - : § ] r ] " AMS (Observed) Fire Area = 0.0267 km? 1 [ AMS (Observed) Fire Area = 0.0638 km?
SRRy #’f . " \ - o Center . - 1 L MODIS (Retrieved) Fire Area = 0.0073 km? ] L MODIS (Retrieved) Fire Area = 0.0319 km?

MODIS INPUTS L T Idealized Case |  Percent Change = 72.66%  percent Change = 5000% | This study has developed a MODIS sub-pixel retrieval for fire area and temperature, which are used to
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: Eﬁee\f)eI?:aBtlgs(slar’fd(i:ch]Is\ergsensor zenith azmu) T e gy P S T e o Longade 6ep) | calculate FRP;. The retrieval was designed for any MODIS granule and a radiative transfer model was used
+ Fire product background temps. Fig. 4. Pixel-level comparisons between retrieved MODIS fire Fig. 5. Spatial display of the sub-pixel fire region (via AMS) to account for atmospheric effects. Over the next decade, the new generation of satellite sensors, such as

g 10282007 P E. . 10242007 | —=#) iyl area and AMS observed fire area from all six collocated cases. within four MODIS fire pixels. VIIRS and GOES-R, will replace the current generation, including MODIS. Therefore, the sub-pixel algorithm
is designed for easy application to these future sensors, provided the basic spectral properties are similar.
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m ' Match MODIS inputs to Iooku&tables V. CIUSte ri ng_Level Com parisons .
5 U . The clustering-level results highlight Essential References

ToraDayOverpass [ b e | PIXEL LEVEL CLUSTERING RETRIEVALS 05f R S SONA AMaSases T e z . o . . . .
S v o o s s : RETRIEVAL + Single Retrieval via Averages the importance of averaging to E© VZa = 64 Deg, : VZA = 64 Deg. : Dozier, J. (1981). A method for satellite identification of surface temperature fields of subpixel resolution. Remote Sensing of

136 130 125 120 116 1 5 | i Meth - e VZA = 50 Deg. ; ; e VZA = 50 Deg. 1 ] -

_ General Summation Method reduce the random errors 3 vzz ! g : o g ] Environment, 11, 221-229.
\ I @ . . . . C ¢ < eg. ] - VZA < 40 Deg.
] L highlighted in Section IV, such as

- : : 9-08-2007
o S | | AMS Scans: 2 OUTPUTS the distribution of sub-pixel fires,

10-26-2007 j MODIS VZA: 64° : ' :
"0 AMS Scans: 1 - o\ B * Fire area fraction and pixel area point-spread-function effects, and
MODIS VZA: 32° \ & e R | « Actual (surface) fire temp. : -
‘ - | e 1Y coregistration errors.
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Calculations per MODIS fire pixel (orange in flow chart): Performing the MODIS Retrieval e Lom conttenes ! - cmecsna
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: The sum of pixel-level retrievals : ; I | : :
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- Torra [;ay Overpass Terra Night Overpass Fig. 2. Projections of the four MODIS scenes containing _ ) , _ _ : _ _ : - : :
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