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Global Connections: Fire, Smoke, Air Quality



Presenter
Presentation Notes
Fire plays a significant role on both national and global scales, profoundly impacting landscapes shaped by human activity as well as those left wild. Even though fire can be devastating, wildland fire is a natural and integral force on our landscapes. Fires can also serve to reduce fuels to mitigate wildfire risk and maintain healthy ecosystem functions. However, the smoke produced by fires, regardless of their size or purpose, can pose adverse effects on human health when inhaled downwind. Understanding the influence of smoke on air quality and human well-being necessitates the quantification of emissions that fires release into the atmosphere.
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We use the Pettinari, M. Lucrecia (2015) Global
Fuelbed database as a base for fuel
* a global fuel map with standardized Fuel
Characteristic Classification System (FCCS)
biomass parameters '
* Includes variables such as canopy L I R - - T
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. Global fuelbed map. The color legend details the number of the fuelbeds, and the land cover and biome that they represent. 

https://doi.pangaea.de/10.1594/PANGAEA.849808
https://doi.pangaea.de/10.1594/PANGAEA.849808

Proof of concept

FIREX-AQ Daily Fire Emissions ,

Methodology

Ct — A X B X FC X Cb [Seiler and Crutzen, 1980]

A = Area Burned (VIIRS/MODIS)

B = Biomass Density (FCCS)

F. = 0.5 (Assumed biomass carbon)

C, = Fraction of biomass consumed (Weather)

[Soja et al., 2004; Pierce et al., 2007; Pierce et al., 2009; Wiedinmyer et al., 2011]
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M Urban-Barren

[ Black cottonwood-Douglas-fir-quaking aspen forest
Bl Douglas-fir/ceanothus forest

I Pacific ponderosa pine-Douglas-fir forest

Il Ponderosa pine savanna

[Jldaho fescue-bluebunch wheatgrass grassland

[ Quaking aspen/Engelmann spruce forest

M Douglas-fir-Pacific ponderosa pine/oceanspray forest
[C1Sagebrush shrubland - exotic species
[1Wheatgrass-cheatgrass grassland - exotic species
[C1Sagebrush shrubland - post prescribed burn (WCT)
[1Sagebrush shrubland - fire exclusion (WCT)

M Idaho fescue-bluebunch wheatgrass grassland - post fire

[l Low sagebrush shrubland
[IMcodified or Managed Xeric Grass 1
[IModified or Managed Xeric Grass 2
I Modified or Managed Xeric Grass Shrub 1
[IModified or Managed Xeric Grass Shrub 2
[IModified or Managed Mesic Understory 1
I Modified or Managed Xeric Understory 2
[IModified or Managed Mesic Timber Litter 2
[T Modified or Managed Mesic Timber Litter 3
I Modified or Managed Xeric Timber Litter 4
M Water

RESIDUAL BURN AREA B/719
CINEW BURN AREA 8/7/19

FCCS 30 m fuels

Burned area outlines
VIIRS 375m buffered area

burned area
in red and
Residual or
previously burned areas
in pink-purple
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=
Fuel Decision Table: Allocation of New:Residual

Percentage of Fuel Burned in each Fire Weather Category

New (N) burned area / previously burned Residual (R) area
Variable Extreme N/R Very High N/R High N/R Moderate N/R Low N/R
Canopy_avai_load 90/5 80/5 60/5 10/0 0/0
Shrub_tpa_biomass 100/0 80/5 60/5 40/ 5 20/5

Herb_tpa_ biomass 100/0 80/5 60/5 40/5 20/ 5
Wood_tpa_biomass 20/ 40 10/ 20 10/ 20 10/ 10 10/5
LLM tpa_biomass 100/0 80/5 60/5 40/5 20/ 5
Ground_tpa_fuel 20/40 10/ 20 10/ 20

Total available fuel loading of canopy fuels, including tree crowns, C2 and C3 snags, and ladder fuels.

Does not include tree boles or C1 snag wood.
Total aboveground shrub and herbaceous Blomass &

Total combustible wood, including downed wood, rotten and lightered stumps, and piled wood.

Litter, lichen and moss biomass

Ground fuels including duff, basal accumulations and squirrel middens
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Total available fuel loading of canopy fuels, including tree crowns, C2 and C3 snags, and ladder fuels. Does not include tree boles or C1 snag wood.
Total aboveground shrub biomass
Total aboveground herbaceous biomass
Total combustible wood, including downed wood, rotten and lightered stumps, and piled wood.
Litter, lichen and moss biomass
Ground fuels including duff, basal accumulations and squirrel middens



Fuel Available for New Burn

Low Fire Danger
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Emissions Moa

Ci =AxBxF_xC,

A = Area Burned (VIIRS/MODIS)

B = Biomass Density (FCCS)

F. = 0.5 (Assumed biomass carbon
fraction)

C, = Fraction of biomass consumed
(Weather)

Flaming/Smoldering Allocation
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Diurnal Cycle Derived from 5-min
GOES FRP Observation
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When GOES data are not available
(smoldering fire, cloud cover inhibiting
detections), a mean of each fire is used to
define the diurnal cycle

1-Sec Emissions
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Daily Fire Average
Total Carbon Emission Rate (kgC/s)
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Emissions Comparisons with in-situ aircraft data
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In Situ Approach
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carbon emissions rate

Total PM Emission Rate (kgPM/s)

Wiggins et al., GRL 2020; Wiggins et al., JGR 2021
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Global Product

 Pettinari, M. Lucrecia (2015) Global Fuelbed database as a base for
fuel

* We will apply the same Fuel Decision Table for Allocation of
New:Residual percentages for each biomass variable

* Final 300 m product will contain tC released under each of 5 fire
danger levels and for new vs residual burning

* Global product will be made publicly available
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