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Challenges in modeling the impacts of fires
on air quality
Emissions
Chemistry
Transport

About 80—-90% of the emissions by mass from
biomass fires are of CO,

Of the non-CO, portion:

« CO (~60%),

« volatile organic compounds (VOC, ~15%)

« primary PM2.5 (~8%)

« CH, (~2%)

Both particles and gas -phase species emitted from
fires impact atmospheric composition

Air quality pollutants:
PM2.5
ozone
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Emissions of compound x:

E(x) = Ax B x FB x EF(x)

A: Area burned

B: mass of biomass per unit area

FB: fraction of biomass consumed

EF(x): Emission Factor per unit fuel consumed for compound x

Sources of uncertainty: e ‘, |

» Detection or initiation of fire \ gy ot et A i s
(clouds blocking satellite detection, small fires...)

« |dentification of type of fuel burned

» Estimates of fuel consumed

« Emissions for each compound depend on fuel e LN
type burned and fire intensity [pos s = o S ATl
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Chemist Analysis of WE-CAN fire plume sampling
ry Partitioning of reactive Nitrogen compounds changes as the plume ages downwind
* NO & NO, decrease

* PAN, organic nitrates and particulate nitrate increase

Alt[km]: 4.21(x0.5) 4.32(x0.5) 4.51(x0.5) 4.55(x0.5) 4.59(x0.5)  4.27(x0.9)
TIK:  273(5) 273(+4) 273(+4) 274(+2) 274(x4) 274(£3)

Uncertainty in fire emissions of NO Plume transects: 34 43 30 20 11 8
and VOCs result in uncertainty in 100 = 5 Org N
ozone and secondary aerosols ; ZN%VOCS
i p
downwind 80 . ons

Many more VOCs are observed in
fire plumes than are included in
model chemical schemes ZNO,

(%)
Model resolution (horizontal &
vertical) impacts chemical
regimes
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Transport

* Plume-rise / Injection height of emissions

« Boundary layer —
mixing, detrainment, entrainment

« Long-range transport —
local to hemispheric

TROPOMI CO column Sept 2020
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| MUSICA
Fire simulations with MUSICA -V0 MIllBER el fiastil ERlTEfox

Chemistry and Aerosols

CAM-chem with regional refinement:. CONUS at 14 km
Analysis of WE-CAN (2018) and FIREXAQ (2019) aircraft campaigns

Model grid is fine enough for direct comparison to aircraft observations and
allows critical evaluation of emissions, chemistry, plume rise, transport, ...

Fire CO surface Aug 7 2019
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