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1. Introducti 3. Plume Injection Height Simulations 4. Accounting for Diurnal Variability

Satellite observations of MISR aerosol plume heights and MODIS fire Example of Boreal Forest Fire Plume in Alaska

Simulated diurnal injection height variability over the boreal region, taking into account

radiative power (FRP) demonstrate the large variability in fire smoke WISR image and MODIS fire pixels  Vertical distribution of MISR height retrievals 1-D plume-rise model simulation changes in meteorological and fire conditions. Also, shown is the percentage of the plumes,
injection heights in the North American biomes, and the important effect of Mt 1res MISR Max e . in which the top of the plume is in the free troposphere [12]*
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Here, we present results from a 1-D plume-rise model [4] driven by fire {

properties and local meteorology, using MISR plume heights and MODIS ; = Nusbor orRetrovats . © R I
FRP measurements. The objective is to develop a non-computational -
expensive parameterization of fire emission injection heights over North eaStern u.s.
America for CTMs.
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2. MISR plumes and 1-D Plume-rise Model :

MISR Plume Climatology (Val Martin et al., 2009 [1])

Location of MISR plumes from 2002 and 2004-2007

MISR Height (m)

GEOS meteo fields; changes in fire
intensity were applied using a factor
determined  from the diurnal
variability in the 83th percentile of
the Aqua and Terra MODIS FRP
values. These factors are shown
above in the table.
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heights are derived with the
MINX tool [5] using MISR — I ! Larger injection heights and higher percentage of plumes located
stereo-height retrievals. Fire 5 frr——r— N 12 prer——r— - We find that the model above the boundary layer are simulated at the fire intensity peak.
characteristics qf these : é(:(vivsesr&uéop‘:md simulates the observed
&I:;nsisren?;its °2:a"|‘:eRdP ;:gm maximum  plume _ heights Overall, it is clear that the 1-D plume-rise model is able
MODIS. Plumes are observed I:':ye:’:;'m(gle' gf's'g"fr)nfe"s’, to simulate the injection height of pollution from late
from 11:00 to 14:00 local time. although a small fraction of morning-early afternoon fires over North America.

plumes are overestimated.

*Regression lines are derived from the oW dS a Pa meterizatlo
slope= 1.62 reduced major axis two-sided
Model Input Approach

Int=-0.75 regression technique [9]). We include
Parameters p ¢4 2= O MISR plumes with a good data quality Fire Weather Model
- _ flag, and plumes in which the residual (e.g., IS, FWI) B N

Meteorology GEOS-4 & GEOS-5 MODIS FRP relative to MISR height

1-D Plume-rise Model (Freitas et al., 2006 [4])

1-D Model Height (km)
1-D Model Height (km)

Scaled MODIS FRP by max observed 2 4 6 8 10 8 10 12 does not deviate from the mean by

Instant fire size MODIS FRP in each biome - 0 more than one standard deviation.
MISR Height (ki

[C. Ichoku personal | (e.g., In boreal forest, max FRP = 1710 eight (km) MISR Height (km)

communication] | W/m2-> ar:a=1 kmz_; then FR:‘ =800 . . . . . m —=>| 1-DPlume- I:>| Injection ||=>
Wim? > area= 0.47 k) Diurnal and Seasonal Variability of Fire Intensity rise Model Heights
Total observed MODIS FRP in each

Total heat flux

plume x 10 [6,7] Distribution of max observed MODIS Monthly distribution of plume heights, fire intensity and Meteofields
Vertical resolution is 100 m (top at 20 Fuel moisture Canadian Fire Weather FRP values over the boreal region the InitiaI_Spread Rate Index (ISI) over the Canadian e.9., GEOS, ECMWF!
km); temporal resolution is < 5 sec, content Index Model [8] from 2002-2006. boreal region for 2002 and 2004-2007*. (e.g., 2 )
with microphysics resolved at 1/3 of T T T 1000

dynamic time; and steady state is Aqua Modis
reached within 60 min [ Aqua Terra ., FE ENCE
. . (1] Val Martin et al., Smoke injection heights from res in North America: Analysis of 5 years of satellite observations, submittedto ACPD.
Model Main Input Values and MISR Plume Helghts [2]Lavoueetal., itted by boreal and temperate wildfires at northern latitudes, JGR, 2000.
Distribution of values used in the simulations for two extreme cases: large boreal forest

[3] Turquety et al., Inventory of boreal fire emissions for North America in 2004: Imp of and injection,
JGR, 2007.

fires and relatively smaller grassland and cropland fires in the lower 48 states. Also,

shown is the observed MISR maximum heights above sea level.*
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* ISI gives an estimate of potential fire rate spread, and was [8] Van Wagner et al., forestfire, weather index system, Tech. Rep. Can. Forest Service, 1987.
calculated from the Canadian FWI model at the location of [9] Ayers, Comment on regression analysis of air quality data, Atmos. Environ., 2001.
the MISR plumes. [10) Ichoku et al, Global characterization of biomass-burning patterns using satellite measurements of fire radiative energy, Remote
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Local Time [41] Giglio et al., Global distribution and seasonality of active res as observed with the Terra and Aqua Moderate Resolution Imaging
. SpectmradlometeriMODlS)sensors JGR 2005.
‘Average +

SD for each There is a diurnal variability in MODIS FRP, with larger values during late afternoon, [1Z]Kahnetal., Wildfiro smoke! GRL, 2008.
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- ) distribution when fires are at their maximum intensity [e.g., 10,11], and after the MISR overpass CKN LEDGEMENTS
0 . y is shown. time. Also, a seasonality is apparent in the plume heights, driven mainly by fire
050 100 150 200 250 300 10 20 30 4050 60 ® R maxhaight k) intensity [1], which in turned is related to fire weather conditions (i.e., ISI). This work was supported by the NSF (grant ATM0554804) , and by STAR Research
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