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Meteorological Focus

Western Domain
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Data Integration

North American Regional Reanalysis (NARR)

32 km version of the NCEP 1993
operational ETA model and ETA
data assimilation system (EDAS)

Monthly and 3-hourly data

Lightning Strike Data:

* Environment Canada: Years of data: 2000 — 2006
Canada Lightning Detection Network (CLDN)

* Bureau of Land Management:
Alaska Lightning Detection Network (ALDN)

1460E

Satellite Fire Data (MODIS):

* Day overpass fire counts and fire radiative power (FRP)
as used in Ichoku et al. (2008)




Impact of CAPE and Lightning on Fire Activity

Surface CAPE Anomaly in Percent Lightning Strike Anomaly
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Fine-Scale Observations: 2000 — 2006

Percent Lightning Strikes as Dry
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Under what conditions do dry and wet lightning occur?

Probability (%)
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Under what conditions do dry strikes ignite fires?
Joint Probability (“hits and misses” analysis)

Probability (%)

2-day averaging period 0_10 | 2|0 ]| 3|0 | | H 3-day averaging period
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Holdover Effect is Considered
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Remote Sensing Focus

Lerra and Its Five Climate-Monitoring Sensors

{eight: 3.5 meters

LaunChEd: %";f{ Length: 6.8 meters
o i' Weight: 5,190 kilograms
19 December 1999 ; Power: 2,530 watts (average)

Instrument Data Rate: 18,545 kilobytes
per second (average)
Design Lifetime: 6 years

Autonomous Modular Sensor
(AMS)




Dozier Fig. 3.
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Dozier, 1981 (early study)

Varying the fire (target) temp...
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Background and Motivation

Post Dozier Era

Giglio and Kendall (2000) tested the method for
various fire area fractions

Sensitivity analysis
The smallest detectable fire area fraction for
MODIS is > ~0.003

Motivation
 Improved fire radiative power (FRP) data...

* Currently, MODIS FRP is normalized by the
pixel area, not fire area

e Statistically, how accurate is the method
(at the sub-pixel level)?

e Validation using AMS data
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UAV (AMS) Flight Path: 8/16/2007
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Zaca Fire
One of California’s largest
fires by area burned..

AV
st Test Araa

FLIGHT 07-042 16 AUGUST 2007

LAHBERT COMFORHAL PROJECTION: §FL =
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Latitude (deg)

8-16-2007 2133Z AMS (hot spots) and MODIS fire pixels

Shading indic

ates fire hot
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LOOKUP TABLE
SBDART Radiative Transfer Model
*Account for atmospheric effects
*Vary the potential geometries
*Vary the surface temp.
(bottom of atmosphere)

L

MODIS INPUTS
» Geolocation data
* Level 1B radiances
» Fire product background temps.

W

SOLVE DOZIER EQUATIONS

W

OUTPUTS
*Fire area fraction
«Actual (surface) fire temp.

W

COMPARE OUTPUT WITH AMS
* Check for MODIS false alarms
 Investigate background temp. choices

Performing the Retrieval

Applications for the algorithm output

Estimates of fire (hot spot) size
sImproved emissions estimates

Meteorological...

sImpacts on fire radiative power (FRP)
*Tool for fire weather forecasting
 Fire index?

4 and 11 um (IR) channels

L,(T) =P Ly(Ty) + (1-P) L,(Ty)
L44(T) = PL4(Ty) + (1-P) Ly4(T,)

L: IR Planck function
P: fire area fraction




Validation Via AMS

AMS fire (hot spot) threshold:
Brightness temperature at 3.75 pm (band 11) > 500 K

AMS background temperature:
Automated process for each MODIS footprint...

All Valid MODIS Fire Pixels
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Fire Area Fractions (MODIS Background Temp.)
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Holdover Fires (Lag Effect) Lightning Efficiency
* Fire may smolder for several days # fires/# lightning strikes

before it’s observed... * Dry strike efficiency > wet efficiency

* When was the fire actually started? — There is a wet strike influence...

Western Domain Eastern Domain
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The scenarios for each fire event can be infinite.
An averaging period of 2-3 days appears to be statistically optimal.




Under what conditions do dry and wet lightning occur?

Western Domain Eastern Domain
Average Number of Lightning Strikes per Grid Box Average Number of Lightning Strikes per Grid Box
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Number of Data Points
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Western Domain
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East and West Contrast

Correlation: lightning data and fire counts

Western Domain

Interannual data:
Fire counts: 10-34000
Max dry strikes: 23000

* Positive relationship with lightning
(all temporal windows)

* Limited large-scale variability

Eastern Domain

Interannual data:
Fire counts: 5-5100
Max dry strikes: 100000

* Negative relationship with lightning
(after 10-15 days)

* Transient environment

Correlation (R)

Correlation (R)

Western Domain
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Eastern Domain

— Total Strikes
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30 45
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Synoptic Pattern (500 hPa)

Positive height anomalies linked
to enhanced fire activity...
(Skinner et al., 1999; 2002)

Persistence of 10 days...
(Fauria and Johnson, 2006)

500 hPa height Anomaly June-August, 2004
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Dissin and Verb la, 2003 : H :
o e 9 y | Lightning Detection
Sensors Iw_::‘
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Terra

MODIS

Fire Detection: 4 and 11 um

L Jid 3
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Detects fire

\_

Potential Fire Pixels (Tf)
T, > 325 K day

T, > 310 K night

and

T,-T;;>20 K day

T,-T;; > 10 K night

J

Max detectable fire area: 100 m?
Probability of detection: 80-100%
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background pixel
mean and
standard

Tf deviation for T,,

\ Tll’ and T4-T11 /

Giglio et al., 2003

water reflectance, etc.
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1. Absolute Detection

[ Account for cloud cover, sun glint, }

pixels up to <] T, >360K
Fire Pixel
500 K e
.

[ 2. Relative Detectlon

@@@

Compare potential fire
pixels with background
pixels...

@[ oot | osaies

Fire Pixel

Testing @[ S }



http://www-as.harvard.edu/chemistry/trop/satellite/index.html

