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Impacts of Wildland Fires on Air Quality

* Fires may have detrimental impacts on air quality, health & visibility.
* Fires can account for a substantial fraction of PM, ¢ pollution.

* Air quality forecasts produced with numerical models can provide
valuable information to environmental regulators and land-managers.

 Modeling the impacts on air quality requires understanding the model’s
capabilities & uncertainties.
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Air Quality Simulations with Eulerian Models

Advantages
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Air Quality Modeling Framework
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Model Performance
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Conclusions from atmospheric plume simulations:

* CMAQ (and other gridded air quality models) can be ineffective as a
AQ prediction tool for fire impacts

* Model can severely underpredict AQ impacts
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Model Performance
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Objective: Evaluate the uncertainties in modeling the air quality impacts of
fires with gridded photochemical models through sensitivity analyses

* Fire-related emissions and emission factors

» Spatiotemporal allocation of fire emissions on gridded domains
e Grid resolution

* Meteorology

Georgia
Tooh 6



Case Study: Atlanta, GA

NASA ropidfire.scl.gsic.nosa.gov
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Adaptive Grid CMAQ
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“Brute-force” first-order sensitivity coefficients:

Sensitivity Analyses
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Fire Emissions Magnitude

South DeKalb Jefferson St.
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Horizontal Allocation of Fire Emissions

Changes relative to base-case at Jefferson St. after relocating Oconee fire emissions:

Total contribution to PM2.5 Maximum simulated concentration

-0.6% | -2.7% | -1.8% -6.7% |-11.9%|-13.6%
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Vertical Allocation of Fire Emissions
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Vertical Allocation of Fire Emissions

Fire contributions to modeled PM2.5 and first-order sensitivity coefficients for PM2.5
concentration response to fire emissions at South DeKalb:
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Vertical Allocation of Fire Emissions

Brute-force first-order sensitivity coefficients for PM2.5 concentration response to fire
emissions at South DeKalb, for uniform-by-layer distribution into 16 lowest layers :
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Temporal Allocation of Fire Emissions

Fire contributions to modeled PM2.5, and first-order sensitivity coefficients for PM2.5
concentration response to fire emissions at South DeKalb for uniform-by-layer
distribution into 16 lowest layers :
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PM, . Concentration Sensitivity to Wind
Direction

Ao = +5°, +15°, +30°
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PM, . Concentration Sensitivity to Wind
Direction
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PM, . Concentration Sensitivity to Wind
Direction
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PM, . Concentration Sensitivity to Wind Speed
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PM, . Concentration Sensitivity to Wind Speed
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PM, . Concentration Sensitivity to Wind Speed

South DeKalb
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PM, . Concentration Sensitivity to PBL Height
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Conclusions from Sensitivity Analyses

* Modeled PM2.5 concentrations at downwind receptors are significantly
sensitive to horizontal grid resolution.

* Predicted concentrations are sensitive to the horizontal allocation of emissions
and whether fires are treated as point or area sources.

* Inrelation to plume rise, PM2.5 concentrations are mostly sensitive to the
fraction of emissions injected into the PBL.

* Predicted concentrations are sensitive to the temporal distribution of fire-
related emissions; better approximating the timing and progression of pollutant
releases is a practical approach to improve model performance.

* Significant sensitivity to wind speed, direction, and boundary layer height
should be expected in fire AQ simulations at receptors downwind.

* Uncertainty in meteorological inputs to gridded models can significantly affect
simulated concentrations and limit their ability to predict impacts from fires.
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