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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;::g:g:%}

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 *’ J _ & Advantages

- Validate using high resolution airborne data b i, Quantitative indicator of fire intensity 211990 -119.85 —119.80 —119.75 —119.70 —119.85 —119.60 s a'il  ; PSEn mnsSamNeEw,, Ny o A
+ Quantify the potential sources of error “S i B . proportionalto amount of biomass Longiuce (deg) VIl. Sensitivity to Background Temperature

* Test/Apply the refrieval on several fire events fgie® "l CRpiuigl =~ Consumed 9. 8. (lep)) R SEPIRANS ERel WIDES eolleestion mefm, - Of the many inputs, the retrieval is most sensitive to background temperature noise, primarily at 11 pm.
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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 = 84 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.

(km®)

e (deg)

Latitude (d
Latitude (deg)

MODIS Fire Area

Il. MODIS Sub-Pixel Retrieval and Case Study Specifics . e oo/

- 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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where L = radiance, B = IR Planck Function, P = fire area fraction, (Ricchiazzi et al., 1998) : ; : : :

Mean = 407.28 K | : Mean = 46964 background temperature at 4 and 11 pm. [ o < 50 MW ' ' ® < 50 MW
T, = fire temperature, L, = background radiance, and * Account for atmospheric effects | | |

(Right, c,d) Pixel-level fire area sensitivity to R T T e el o
e, = assumed background emissivity. * Vary the potential geometries
b  Vary the surface temp. (bottom of atmosphere)

: . : _ . _ 7 | errors in the 4 and 11 ym background temp.

- = 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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; f:f;?:;t';&;arfd(i:ﬂgfensor L P T e ey R s e en T e o Longade () | 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

il 0202007 BN X g 022007 | —=#) 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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o { . The clustering-level results highlight Essential References
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Calculations per MODIS fire pixel (orange in flow chart): Performing the MODIS Retrieval e Lo conttenes ! - cmecsna
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