Investigating smoke from wild-, prescribed-, and agricultural fires
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https://csl.noaa.gov/projects/firex-aq/

Outline

1) FIREX-AQ 2019 Intensive Overview: scientific goals, technical
approaches, temporal and physical scope, data outputs, and
methods of analysis.

2) FIREX-AQ outputs, lessons learned about data collection,
analysis, and modeling of wildland fire and smoke behavior, the
capability of current models to capture relevant variables and
interactions, other strengths and weaknesses of the models

3) Future needs — perspectives of the FIREX-AQ team



Integrated Observing Strategies to address science needs

Broad spatial coverage of smoke and D
trace gas emissions and transport
Active-fire counts, Burned-Area Products, % .
W o0
Plume Height, Fire Radiative Power/Energy > o
Broad Needs ©

Satellite Calibration and Validation /(\
Retrieval/Algorithm Development 4
Model Error Evaluation

Data Assimilation

Comprehensive in-situ composition Improved Fire Emissions and
of trace gas and aerosol emissions their connection to fire propertieCy__ plume transport and chemical evolution

rocess'level observations of chemica Downwind Impacts and intersection with
evolutionand transport population and anthropogenic emissions

Lidar profiling of smoke plumes Broad integrated impacts of fire activity
Thermal imaging of fire intensity ~___ 4

h Fuel Characterization (Ecosystem, Structure, >
key variables Quant )

glower altitudes, Fire Behawor, Burned Area
and in greater detail near Fuel Sample Collection
fires




FIREX-AQ Coordinated Measurement Activities

: NOAA NOAA/NASA NASA TERRA
Satellites: GOES-R 5%

Multi-agency collaborations to Remote
study complex fire systems Sensing

NASAER-2

NASA DC-8

Aircraft: Local to Continental In-situ & Remote Sensing

i a MET Twin Otter

CHEM Twin Otter

NOAA/NASA FIREX-AQ

Mobile/Fixed Sites: Local to Continental
LARGE Mobile Aerodyne Mobile AERONET DRAGON

Mt. Bachelor, Missoula, Lewiston, and McCall Observatories

Fuel and burned area evaluatlons.;:f -



FIREX-AQ Geographic/Temporal Scope
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— NASA DC8
— NOAA Twin Otter 1
— NASA ER-2
—— NOAA Twin Otter 2

e 7/25/25-8/19 — Western
fires, DC-8, ER-2, Twin
Otters, Mobile labs,
Dragon

e 8/23-9/03 — DC-8 only:
Agricultural and prescribed
fire focus
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FIREX-AQ Geographic/Temporal Scope
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Ground Sites:

Long term observations

Objectives

Long range transport

O3 chemistry

Urban chemical interactions
“Suitcase” sampler



FIREX-AQ Data Outputs

In situ data from DC-8§, Just the DC-8 in situ: >600 data outputs

C h e m - Otte r M O b i | e Time_Start;Time_Stop;Day_0f_Year;Latitude;Longitude;MSL_GPS_Altitude;HAE_GPS_Altitude;Pressure_Altitude;Radar_Altitude;Ground_Speed;True_Air_Speed;Indicated_Air_Speed;Mach_Mumber;Vertical_Speed;
) True_Heading; Track_Angle;Drift_Angle;Pitch_Angle;Roll_Angle;Static_Air_Temp;Potential_Temp;Dew_Point;IR_Surf_Temp;Static_Pressure;Cabin_Pressure;Solar_Zenith_Angle;Aircraft_Sun_Elevation;Sun_Azimuth;

Adrcraft_Sun_Azimuth;Mixing_Ratio;Part_Press_Water_Vapor;Sat_Vapor_Press_H20;5at_Vapor_Press_Ice;Relative_Humidity;U;V;W;TEDR;REYN; YAW; ADA; Smoke_flag;transect_type;fire_id;Background_flag;

I b transect_smoke_age; transect_smoke_MCE;transect_number;transect_plume_number;transect_mce_ODR;transect_mce_odr_chisqg;fire_distance_estimate;transect_major_fuel;transect_constituent_fuel;

a S transect_smoke_fuel_conf;H20_DLH;RHi_DLH; RHw_DLH; H20_LGR; 03_CL;NO_CL;N02_CL;NOy_CL;03_ROZE;NO_LTF;NO2_ACES ;NO2_CANOE ;HNOZ_NOAACIMS ; HNOZ_ACES ; HONO_SAGAMC ;HNO3_PM1_NO3_SAGAMC;Sulfate_PM1_SAGAMC;
HNO3_CITCIMS; PAN_GTCIMS ; PPN_GTCIMS; APAN_GTCIMS ; PBN_GTCIMS;NH3_UTOPTR;N205_NOAACTIMS ;N20_LGR; CO_DACOM; CH4_DACOM; CO_LGR; C02; C2ZHE_CAMS ; CH20_CAMS; CH20_ISAF; CH20_UIOPTR; OCS_WAS ; DMS_WAS; CFC12_WAS; CFC11_WAS;
CFC113_WAS ; CFC114_WAS;HFC152a_WAS;HFC134a_WAS; HFC365mfc_WAS; HCFC22_WAS; HCFC142b_WAS ;HCFC141b_WAS ;H1301_WAS ;H2402_WAS:H1211_WAS; CH3CC13_WAS; CCLA_WAS ; CHCL3_WAS; CH2C12_WAS ; C2HC13_WAS ; C2C14_WAS; CH3C1_WAS;
CH3Br_WAS; CH3T_WAS ; CH2B r2_WAS ; CHBrC12_WAS ; CHBr2C1_WAS ; CHEr3_WAS ; CH2C 1CH2C 1_WAS ; C2HSC 1_WAS ;MeOND2_WAS ; EthONO2_WAS ; iP ropOND2_WAS ; nPropONO2_WAS ; x2ButOND2_WAS ; x3PentONOZ_WAS ; x2PentOND2Z_WAS;
*3Me2 ButONO2_WAS; Ethane_WAS; Ethene_WAS;Ethyne_WAS;Propene_WAS;Propane_WAS; Propadiene_WAS;Propyne_WAS; iButane_WAS;nButane_WAS;x1Butene_WAS; iButene_WAS;t2Butene_WAS;c2Butene_WAS;x13Butadiene_WAS;
x¥12Butadiene_WAS; x1Buten3yne_WAS;x13Butady ine_WAS;x1Butyne_WAS;x2Butyne_WAS;iPentane_WAS;nPentane_WAS;Isoprene_WAS; x1Pentene_WAS;t2Pentene_WAS;c2Pentene_WAS;X3MelButene_WAS;X2ZMelButene_WAS;
X2Me2Butene_WAS;x13Pentadienes_WAS;x3MelPentencAnd4MelPentene_WAS;x1Hexene_WAS ;x1Heptene_WAS;x10ctene_WAS; x1Nonens_WAS; x1Decense_WAS;nHexane_WAS; nHeptane_WAS ;nOctane_WAS;nNonane_WAS;nDecans_WAS;
niindecane_WAS; x22Dimebutane_WAS; x23Dimebutane_WAS; x2MePentane_WAS;x3MePentane_WAS;x2MeHexane _WAS ; x3MeHexane_WAS;x23DimePentane;x224TrimePentane_WAS;x234TrimePentane_WAS; CycPentane_WAS;
MeCycPentane_WAS; CycHexane_WAS;MeCycHexane _WAS; CycPentene_WAS;Benzene_WAS; Toluene_WAS;EthBenzene _WAS; mpXylene_WAS;oXylene_WAS;Styrene_WAS; EthynylBenzene_WAS; iPropBenzene_WAS; nPropBenzens_WAS;
G a S p h a S e m e a S u re m e nt L] *3EthToluene WAS;x4EthToluene_WAS;x2EthToluene_WAS; x135rimeBenzene_WAS;x124rimeBenzene_WAS;ClBenzene_WAS;aPinene_WAS;bPinene_WAS;Tricyclene_WAS; Camphene_WAS;Myrcene_WAS;Limonene_WAS; Furan_WAS;
. ®2MeFuran_WAS; x3MeFuran_WAS; BenzFuran_WAS; iButanal_WAS;Butanal_WAS;AcetonePropanal WAS;MEK_WAS;MAC_WAS;MVK_WAS;Acrolein_WAS; iPropanol_WAS;Nitromethane_WAS;Acrylonitrile WAS;PropNitrile_WAS;
MehAcetate WAS;HFC134a_TOGA;HCFC141b_ TOGA;HCFC142b_TOGA; HCFC22_TOGA; CH2C12_TOGA ; CHCL3_TOGA; CH2OLCH2CL_TOGA; CH3CCL3_TOGA; C2C14_TOGA; ClBenzene_TOGA; CHBrC12_TOGA; CHBr2CL_TOGA ; CH3Br_TOGA; CH2Br2_TOGA;
CHBr3_TOGA; CH2CLI_TOGA; CH3L_TOGA; CS2_TOGA; CH3ISH_TOGA; DMS_TOGA; Propane_TOGA; iButane_TOGA; nButane_TOGA; iPentane_TOGA; nPentane_TOGA; x2MePentane_TOGA; x3MePentane_TOGA; nHexane _TOGA; x224TrimePentane_TOGA;
nHeptane_TOGA; nOctane_TOGA;Propene_TOGA; iButenelButene_TOGA; Isoprene_TOGA; Tricyclene_TOGA; aPinene_TOGA; Camphene_TOGA;bPineneMyrcene_TOGA; LimoneneD3Carene_TOGA;Benzene_TOGA; To luene_TOGA;
EthBenzene_TOGA; mpXylene_TOGA; oXylene_TOGA; Styrene_TOGA; EthynylBenzene_TOGA; CH20_TOGA; CH3CHO_TOGA; Propanal_TOGA;Butanal_TOGA; iButanal_TOGA; Acrolein_TOGA;x2Butenals_TOGA;Acetone_TOGA;MEK_TOGA;
° T CH30H_TOGA ; C2ZHS0H_TOGA; iPropancl_TOGA ;MBO_TOGA ;MAC_TOGA ; MVK_TOGA ;MeFormate_TOGA;MeAcetate_TOGA; Furan_TOGA; x2MeFuran_TOGA; x3MeFuran_TOGA; Furfural_TOGA;HCN_TOGA; CH3CN_TOGA; PropNitrile_TOGA;
ra c e rs Acrylonitrile_TOGA;MeAcrylonitrile_TOGA;Pyrrole_TOGA;Nitromethane_TOGA;MeOND2_TOGA; EthONOZ_TOGA; iPropONO2_TOGA; x2ButOND2iButONO2_TOGA; UnknownC2H40_TOGA; C302_TOGA; THF_TOGA; x23Butanedione_TOGA;

EthAcetate_TOGA;MePropionate_TOGA; x2EthFuran_TOGA; DimeFurans_TOGA; UnknownCEHBO_TOGA;Viny LFuranA_TOGA; VinyLFuranB_TOGA; x3Furaldehyde_TOGA; C2C14_iWAS; CHC13_iWAS; Ethane_iWAS;Propane_iWAS;nButane_iWAS;

. . iButane_iWAS;nPentane_iWAS; iPentane_iWAS;nHexane_iWAS; x2MePentane_iWAS;x3MePentane_iWAS; x22DiMeButane_iWAS ; x24DiMePentane_iWAS;nOctane_iWAS; x224TriMePentane_iWAS;nNonane_iWAS;nDecane_iWAS;
L Rea ct“[e N |tro ge 1] MeCycPentane_iWAS; CycHexane_iWAS ;MeCycHexane_iWAS; Ethyne_iWAS; Ethene_iWAS; Propene_iWAS; x1Butene_iWAS; c2Butene_iWAS; tZbutene_iWAS; iButene_iWAS; x1Pentene_iWAS; c2Pentene_iWAS; t2Pentene_iWAS;
¥2MelButene_iWAS; x3MelButene_iWAS;t13Pentadiene_iWAS; Isoprene_iWAS;aPinene_iWAS;Benzene_iWAS; Toluene_iwWAS; EthBenzene_iWAS;oXylene_iWAS;mpXylene_iWAS; Acetone_iwWAS;MEK_iWAS ;MeFormate_iWAS;Furan_iWAS;
CH3CN_iWAS; Acrylonitrile_iWAS;HCN_NOAAUIOPTR; CH2ZO0_NOAAUIOPTR; CH3IOH_MNOAAUIOPTR; CH3ON_NOAAUIOPTR; HNCO_MOAAUIOPTR ; CH3CHO_NOAAUIOPTR; C2H50H_NOAAULOPTR; HCOOH_MNOAAUIOPTR; Acrylonitrile _NOAAUIOPTR;
[ J VO CS Acrolein_NOAAUIOPTR;AcetonePropanal NOAAUIOPTR;Glycolaldehyde _NOAAUIOPTR; CH3NO2_NOAAUTIOPTR; DMS_NOAAUIOPTR; C4HSN_NOAAUIOPTR; Isoprene_NOAAUTOPTR; Furan_NOAAUIOPTR; MVEMAC_NOAAUIOPTR;

C4Carbonyls_NOAAUIOPTR; C3H602_NOAAUIOPTR;Benzene_NOAAUIOPTR; x2MeFuranx3MeFuran_MNOAAUIOPTR; x2Furanone_MOAAUIOPTR;x23Butanedione_NOAAUIOPTR; Toluene_NOAAUIOPTR;Phencl MNOAAUIOPTR; Furfural_NOAAUIOPTR;
DimeFurans_NOAAULOPTR;MaleicAnhyd_NOAAUIOPTR;BenzNitrile NOAAUIOPTR;Styrene_NOAAUIOPTR; Benzaldehyde MOAAUIOPTR; CBAromatics_NOAAUIOPTR; CTHEO_NOAAUIOPTR; Catecholx5MeFurfura l_NOAAUIOPTR;

) Hyd roca rbo n S BenzFuran_NOAAUIOPTR; C3Aromatics_MOAAUIOPTR; C6H403_NOAAUIOPTR; Guaiacol_MNOAAUIOPTR;Naphthalene_NOAAUIOPTR;Monoterpenes_MNOAAUIOPTR; Cresols_MNOAAUIOPTR;Syringol_NOAAUIOPTR;BrCN_NOAACIMS; BrCL_NOAACIMS;
BrO_MOAACIMS ; CH3COOC_NOAACTIMS; C12_NOAACIMS ; CLNOZ_NOAACIMS; HCN_NOAACIMS ; HCOOH_NOAACIMS ; HNCO_NOAACIMS ; HPMTF_NOAACIMS ; BUTEME_HN_CITCIMS ; BUTENE_HP_CITCIMS ; ETHEME_HN_CITCIMS; ETHENE_HP_CITCIMS;
PHENOL_CITCIMS;H202_CITCIMS; ISOPN_CITCIMS; PROPENE_HN_CITCIMS; PROPEME_HP_CITCIMS; CATECHOL_CITCIMS; CRESOL_CITCIMS;DHT_CITCIMS;NITROCATECHOL _CITCIMS;NITROCRESOL_CITCIMS ;NITROMETHYLCATECHOL_CITCIMS;

Y Oxidation Prod ucts NITROPHENOL_CITCIMS;HCN_CITCIMS;S02_LIF;CH3COCHO_ACES; CHOCHO_ACES; CMgt3nm_stdPT;(Ngténm_stdPT; CNgt2@nm_stdPT;CNgt2@nm_nonvol_stdPT;Ngtl18@nm_LAS_stdPT;Mgtl@@nm_LAS_nonvol_stdPT;CCN_B34_stdPT;
N_808@to50008nm_CPSPD_stdPT;V_80@to50@@enm_CPSPD_stdPT;N_2000to5@@88nm_CDP_ambPT;V_20@@to508@@nm_CDP_ambPT; nSMPS_stdPT; sSMPS_stdPT;vSMPS_stdPT; TD_on;nLAScold_stdPT;nLAShot_stdPT;totSC458_stdPT;
totSC550_stdPT; totSCT80_stdPT:Abs470_stdPT;Abs532_stdPT;AbsG6@_stdPT; gammad5@; gammas5@; ganma7ed; TRHASA_RH2@to85; TRHSS0_RH20t085; fTRHT00_RH20to85; ambSC450_stdPT;ambSC550_stdPT; ambSCT@0_stdPT;
dryAEscat_S55@8to7@0;drySSA_4508;drySSA_55@;drySSA_T700; ambSSA_450;ambSSA_558; ambSSA_700;dryEXT_532_stdPT;ambEXT_532_stdPT;ext_dry_664;ext_dry_532;ext_dry_4085;abs_dry_664;abs_dry_532;abs_dry_485;
AOP_RH_dry;ext_medRH_664;A0P_RH_med;ext_highRH_664; AOP_RH_highj;ext_TD_664; ext_TD_4@5;abs_TD_664;abs_TO_4@5;A0P_TD_bypass_Tlag;AO0P_filter_flag;WS0C;BC_mass_9@_55@_nm;BC_Dilution_Flag; 0A_PMI1_AMS;
Sulfate_PMI1_AMS;Nitrate_PM1_AMS; Ammon ium_PM1_AMS;NR_Chloride_PM1_AMS; Potassium_PM1_AMS;MSA_PM1_AMS;ClL0O4_PM1_AMS;Todine_PMI1_AMS;Bromine_PM1_AMS;Seasalt_PM1_AMS; CloudF Lag_AMS;AmmBalance_PM1_AMS;
Density PM1_AMS;0ADensity_PM1_AMS;0Sc_PM1_AMS; C6H1005; C6HSNO4; C1_SAGAAERO; Br_SAGAAERO;NO3_SAGAAERD; 504_SAGAAERO; C204_SAGAAERO;Na_SAGAAERD; NH4_SAGAMERD; K_SAGAAERD;Mg_SAGAAERO; Ca_SAGAAERO; nCDP;vCDP;

Ae roso I measuremen t S. nCPSPD_stdPT; wCPSPD_stdPT;Nacc_CAPS;Ncoal_CAPS;Ncoa2_CAPS;Ncoa3_CAPS;Ntot_CAPS;cloudindicator_CAPS;cloudflag_CAPS;j03_02_01D_CAFS; jNO2_NO_O03P_CAFS; jH202_OH_OH_CAFS; jNO3_NO_02_CAFS; jNO3_NO2_03P_CAFS;
jN205_N0O3_NO02_CAFS; jHNO2_OH_NO_CAFS; jHNO3_OH_NO2_CAFS; jHND4_HOZ_ND2_UwVisDnly_CAFS; jCH20_H_HCO_CAFS;jCH20_H2_CO_CAFS;jCH3CHO_CH3_HCO_CAFS; jPropanal_CH2CH3_HCO_CAFS; jCH300H_CH30_OH_CAFS;

. jMeOND2_CH30_NO2_CAFS;jEthOND2_CH3CH20_NO2Z_CAFS;]PAN_CH3C002_NOZ_CAFS;jPAN_CH3CO0_NO3_CAFS; jMAC_MNoProductsSpecified CAFS; jMVK NoProductsSpecified CAFS; jAcetone_CH3CO_CH3_CAFS; jMEK_CH3CO_CH2CH3_CAFS;

) PhyS|ca| jHydroxyacetone CH3CO_CH30_CAFS; jHydroxyacetone_CH3C00_CH3_CAFS; jCHOCHD_HCO_HCO_CAFS; j CHOCHD_H2_2C0_CAFS; j CHOCHO_CH20_CO_CAFS; jCH3COCHO_CH3CO_HCO_CAFS; j23Butanediane_NoProductsSpecified CAFS;
jC12_C1_C1_CAFS;jCLO_C1_03P_CAFS;{CINO2_C1_NO2_CAFS;jCLONO_CL_ND2_CAFS;jC1OND2_CL_NO3_CAFS;jCLONO2_CL0_NO2_CAFS;{Br2_Br_Br_CAFS; jBr0_Br_0_CAFS;jHOBr_OH_Br_CAFS;jBrNO_Br _NO_CAFS; jBrONO_Br NO2_CAFS;

. JBroNO_Br0_NO_CAFS; jBrNO2_Br_MO02_CAFS;jBrON02_Br0O_NO02_CAFS; jBrOND2_Br_NO3_CAFS;jBrll_Br_CLl_CAFS; jCHBr3_NoProductsSpecified_CAFS; smoke_age; smoke_age_corr;smoke_age_rise;smoke_rise; fire_distance;
o 0 tlcal smoke_agemethod; Total_Carbon_Emissions_Schwarz;Total_Carbon_Emissions_Holmes;C LoudF Lag_AMSSD;Density_PM1_AMSSD;0ADensity_PM1_AMSSD; 0A_PM1_AMSSD; Sulfate_PM1_AMSSD;Nitrate_PM1_AMSSD; Ammonium_PM1_AMSSD;
p NR_Chloride_PM1_AMSSD;worldlat;WorldLon;

e Chemical
e Coarse mode



FIREX-AQ Data Outputs

Remote sensing data: MASTER on DC-8

Remote sensing:

* Active lidar — aerosol
properties, 3-d winds

* Passive radiometer for
photolysis rates

* scanning spectrometers for
cloud properties, vegetation,
trace gases, FRP

* Scanning IR interferometers
for trace gases,
thermodynamic profiles

RGB (0.654um-0.546um-0.462um) CIR (4.060um-2.210um-1.602um)



FIREX-AQ Lessons Learned

More than 85 papers published: Topics include:
1. Fire Emissions & Source Characterization
Emission Factors & Inventories: Determining emission factors for various species.
Connections between Fire Radiative Power (FRP) and emissions.
Developing and comparing emission inventories (e.g., top-down vs. bottom-
up).
Investigating diurnal cycles and other parameterizations.
Primary Emitted Species: Volatile Organic Compounds (VOCs) and other trace gases.
Primary aerosols: composition and microphysical properties at the source.
2. Atmospheric Transformation & Chemistry
Aerosol Aging & Evolving Properties: Formation of SOA.
Changes in chemical composition, physical state, and optical properties
during transport. Aerosol impacts on photolysis rates.
Gas-Phase Chemistry:
Chemical transformation mechanisms of VOCs and reactive organics.
Chemistry involving reactive nitrogen species and ozone formation.




FIREX-AQ Lessons Learned

More than 85 papers published: Topics include:

3. Fire & Smoke Dynamics / Meteorology
Plume Dynamics: Plume rise, heat flux, and smoke transport. Interactions with the
boundary layer.
Fire-Weather Interactions: Connections between fire behavior and meteorological
conditions. Smoke-weather feedbacks and impacts on cloud properties.

4. Measurement & Observation
Instrumentation:Development, evolution, and advances. Instrument calibration and validation.
Observation Techniques: Remote sensing of aerosols, gases, and fire properties. Integrating and
airborne measurement campaigns.

5. Modeling, Evaluation, & Forecasting
Model Evaluation & Intercomparison: Comparing models with measurements (transport, chemistry).
Case studies and multi-model comparisons.

Predictive Applications: Air quality forecasting. Machine learning for smoke and fire identification.

6. Impacts & Applications
Human Health & Air Quality: Health impacts, including specific effects of VOCs and reactive organics.
Influence of wildfire smoke on indoor air quality.




Highlighting some takeaways

Statistics:

* Highly detailed and specific measurements (as possible from some prescribed fire as in
FIREX-AQ) are great for advancing process-level understanding...

But we need better statistics to make more progress on larger scale modeling

Data collection:
* Match measurement approach to science goal —still can’t get everything all at once

* Example: Slow Twin otter for Lagrangian sampling, Fast DC-8 to characterize entire plume
* (and FAA/TFR requirements...)

* Example: DC-8 vs Mobile labs for initial smoke characterization

* Flexibility (DC-8 for Blackwater — blackwater started early, shortened preflight...)
(What’s relevant to your interests?)

Analysis:
* Strong smoke heterogeneity can be normalized, simplified analysis

* Reanalysis winds —impacts on smoke physical age estimates, heterogeneity in smoke age at
fixed distance from fire




Future Needs: Contributions from B. Yokelson S. Brown, D.
Peterson, A. Soja, J. Dibb, B. Pierce, M. Robinson, R. Ahmadov

1. Linking Fire Weather, Fuels, and Emissions
Integrated Emission Prediction: Develop a deeper, quantitative understanding of how fire weather influences fuel
conditions (e.g., moisture, consumption), which in turn dictates fire behavior (flaming vs. smoldering), ultimately
controlling emission factors (EFs) and plume injection height.
Operational Emissions Forecasting: Transition research findings into operational air quality models by enabling
them to dynamically scale emissions up or down based on projected meteorological changes.
Advanced Fuel Characterization:
Improve the operational identification of fuel types from space (e.g., distinguishing agricultural burning from
forest fires).
Expand ground-based fuel moisture networks and integrate their data with satellite-based soil moisture
retrievals for more accurate inputs to emission models.
2. Smoke Plume Dynamics and Atmospheric Transport
Plume Injection & Vertical Distribution: Improve the representation of smoke injection altitudes in models,
ensuring skillful assumptions for the vertical profile and accounting for the different properties of smoke processed
by pyroconvection versus that remaining in the boundary layer.
Day/Night Transitions: Conduct targeted measurements to better understand fire and smoke plume behavior
during the day-to-night transition across various meteorological conditions.
Complex Terrain Meteorology: Advance the understanding and modeling of micrometeorology in mountainous
terrain to improve transport predictions.




Future Needs: Contributions from B. Yokelson S. Brown, D.
Peterson, J. Dibb, B. Pierce, M. Robinson, R. Ahmadov

3. Atmospheric Chemistry and Transformation
Advanced Organic Chemistry:

SVOCs: Improve the identification, gas-particle partitioning, and chemical evolution of Semi-Volatile Organic Compounds

(SVOCs), and effectively incorporate these complex processes into models.

Brown Carbon: Better constrain the sources, secondary formation chemistry, and atmospheric lifetime of brown carbon.
Tropospheric Ozone Budget: Conduct a comprehensive evaluation of the role of biomass burning in the tropospheric ozone
budget at regional to hemispheric scales, supported by aircraft and mountaintop measurements.

Cloud and Stratospheric Interactions:

Cloud Processing: Obtain new measurements to improve the understanding and modeling of how clouds process smoke

aerosols, affecting their properties and lifetime.

Stratospheric Chemistry: Better quantify the influence of major fire emissions on stratospheric heterogeneous chemistry.
Urban Air Quality: Investigate the chemical evolution and air quality impacts that occur when wildfire smoke is transported
into and mixes with polluted urban environments.

4. Observation Systems and Measurement Needs

Hi-temporal and spatial FRP: Pursue systems that provide both high spatial and high temporal resolution for fire detection
and Fire Radiative Power (FRP), potentially through public-private partnerships and very low orbit satellite fleets and broad
use of drones.

Enhanced Ground Networks: Significantly expand ground-based networks for measuring surface radiation (to evaluate model
performance under smoke) and fuel moisture.




Future Needs: Contributions from B. Yokelson S. Brown, D.
Peterson, J. Dibb, B. Pierce, M. Robinson, R. Ahmadov

5. Modeling, Forecasting, and Uncertainty Quantification
Advanced Ensemble Forecasting: Develop ensemble forecast systems that fully couple fire heat release with
atmospheric models and include aerosol-radiation-cloud feedbacks. These systems should allow for perturbations in
emissions, injection heights, and heating to better quantify forecast uncertainty.
Model Integration and Operationalization: Ensure that improved understanding of the links between fuels, weather,
and emissions is fully incorporated into operational air quality and transport models.
6. Societal Impacts and Applications
Human Health Effects:
Advance the understanding of smoke health impacts beyond simple exposure, investigating metabolomics, the
role of skin absorption, synergistic effects with other pollutants, and variable individual sensitivity.
Compare the health effects of prescribed fire versus wildfire smoke to inform policy and management.
Proactive Fire Management:
Quantify the benefits of prescribed fires, particularly in reducing landscape flammability in the Wildland-Urban
Interface (WUI).
Devise and evaluate new methods to reduce the cost and barriers associated with conducting prescribed burns.




ACKNOWLEDGEMENTS

Laboratory studies in 2016- AC4 funded NASA ER-2
Field Intensives 2018 and 2019

" - il | A s
| s 'B{ N ‘-.‘:c“. p of
o " NOAA NESDIS

NOAA/NASA FIREX-AQ : _ .
Aircraft: Intermediate to Continental supported

F MET Twin Otter
NOAA AC4 Supported %
ESRL-CSL Supported CHEM Twin Otter 4$:=‘

NSF WECAN
C130 aircraft study 2018

Mobile Ground Sites: NASA LARGE
GROUP, Aerodyne Mobile lab, NASA
DRAGON, UNH/Brown Mobile Lab

estern Wildfire Campaign

:.', i




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	 Highlighting some takeaways 
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25



