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Wildfire Smoke Impacts Human Health

* Wildfires emit massive amounts of trace gases and aerosol emissions
* Smoke pollutants degrade downwind air quality

* Exposure to wildfire smoke causes health issues
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Increasing Fire Activities in the United States
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Fire activity has increased in the past few decades
W fire area, fire season length, and frequency

Smoke contributions to PM, - has increased since 2016

Fire activity is projected to increase in the next few decades
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Fire Emissions for Air Quality Forecasting

* Fire emissions are essential inputs for air quality models
® hourly fire emissions (for aerosol species)

® hourly fire intensity (FRP) for modeling plume injection height
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Fire Emissions for Air Quality Forecasting

* Data gap - lack of hourly fire emissions

m Two common strategies
1. persistent emissions
2. redistribute daily emissions using a shape-fixed climatology
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* Challenges

m Misrepresent diurnal patterns of fire emissions.
m Result in underprediction or overprediction
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ABI and VIIRS Sensors Provide New Opportunities

m Footprint Size Detection Capability

2 km (nadir) CONUS: 5 min

Full-disk: 10 min detect fires > 34 MW

VIIRS 0.375 km « twice daily detect fires > 1 MW

GOES-16 ABI, Southeast US, Prescribed burn permits and satellite detections during Jan - Apr 2018 in Florida
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RAVE Algorithm

Processing steps
@ Grid FRP at 3km
@ Fusing ABI & VIIRS FRP

® Reconstruct FRP diurnal

@ Estimate hourly emissions

e
1

\
~

10min GOES-East
ABI fire detections

YA

10min GOES-West
ABI fire detections

/.

NPP/NOAA-21 VIIRS
I-band fire detections

Z

NOAA-20 VIIRS
I-band fire detections

/

cycles

A 4

Merge based on VZA

A 4

Gridding ABI FRP at 3km

l

}

Gridding VIIRS FRP at 3km

Gridding VIIRS FRP at 3km

l

Cloud correction

!

Cloud correction

10min GOES-East
ABI Clear Sky Mask

10min GOES-West
ABI Clear Sky Mask

_______________________

// Inputdata

/7 Ancillary data !

D Output data

/L
/L

A

Merge VIIRS grid FRP

Calibrate ABIF
fuse with

RP against and
VIIRS FRP

7/

FRP diurnal
climatology

y

Reconstruct FR

P diurnal cycles

7/

Burning-hours

climatology

A A

Cloud fraction

Generate hourly emissions

y

Hourly 3km emissions
products

/

/
Z

Emission factors

/
/
/



AVE Product (3km & 13km)

* Hourly estimates
O Emission mass for 11 chemical species (C02, CO, PM2.5, BC, OC, NOx, CH4, NH3, SO2, TPM, and VOCs)

O Scaled emission mass for aerosol species

O FRP (Mean & SD) and FRE
¥ 4 RAVE-HrlyEmiss-3km_v2r0_blend_s202207052300000_e202207... RAVE_HrlyEmiss_3km File
@ area cell area Geo2D " i
O . . . ) » RAVE-HrlyEmiss-3km_v2r0_blend_s202207052300000_e202
FRP pre dlctlon lag w BC BC Biomass Emissions Geo2D
© BC scakd Scaled EC Biomass Eni. GeelD File type: Hierarchical Data Format, version 5
& CH4 CH4 Biomass Emissions Geo2D
O 1 f . & CH4_scaled Scaled CH4 Biomass E... GeolD
i . . 7] JE w2/v2 ¥ s
‘ Ou I‘actlon & Cout Fractn P — — netedf file:/D:/program/RAVE/RAVE v2/vZ for NORA/checklIss
. dimensions:
w CO 0 Biomass Emissions Geo2D .
grid x = 6241;
w CO2 02 Biomass Emissions Geo2D L .
grid y = 2611;
O QA & C02 staled Scaled CO2 Biomass E... Geo2D tirre_= 1
% CO_scaled Sealed CO Biomass Em... Geo2D grid xt = 6240;
w« FRE Fire Radiztive Energy GeoD grid_yt = 2610
& FRP_MEAN Mean Fire Radiative P... Geo2D variabEes :
v & FRP_SD Standard Deviation of ... Geo2D float grid x(grid x=6241);:
PM25 Emissions (2020-09-07T00:00:00Z) . . gridx(grid_ : i
@ grid_lat latitude GeolD :long_name = "cell corner longitude";
@ grid_latt latitude GeolD tunits = "1";
@ arid_lon longitude Geo2D raxis = "X";
60000 @ grid_lont longitude Geo2D :valid range = 1.0f, 6241.0f; // float
@ arid_x cell corner longitude D
50000 & orid_xt T-cell longitude ] fleat grid y(grid y=26ll);
. & oy cell corner latitude D :long name = "cell corner latitude™;
40000 @ grid_yt T-cell latitude D fumits = "17;
e @ land raxis = "Y";
0 @ land_cover land cover type Geo2D ) e os sern o
30000 g & Metadata iU ermission M. _ ivalid range = 1.0f, 2611.0f; // float
[a @ NH3 NNH3 Biomass Emissions Geo2D . . .
% NH3_scaled Scaled NH3 Biomass E Geo2D short time (time=l);
scale
20000 f = - T p — :long name = "time":
f . § |0mass‘ sl = :units = "hours since 2022-07-05 23:00:00";
10000 & NOx_scaled Scaled NOx Biomass E... Geo2D Bl © CrEeglent;
& 0C OC Biomass Emissions Geo2D raxis = "TN;
0 & OC_scaled Scaled OC Biomass Em... Geo2D time increment = "0100007:
W PM25 PMZ2.5 Biomass Emissions Geo2D v :begi; date = "20220705";




Upgrade from V1 to V2

Updates in V2
* Use NOAA’s new VIIRS active fire products —- NOAA-20 and NOAA-21 EFIRE

* Correct terrain-caused parallax errors in the ABI fire pixel locations

* Update the FRP time series fitting algorithm to avoid negative predictions and

overpredictions



Parallax Correction - Examples (california)
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Update FRP Fitting Algorithm
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FRP (TW)
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Evaluation of RAVE Emission with TROPOMI CO

* RAVE CO and TROPOMI CO are generally comparable over a total
of 61 fresh smoke plumes
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RAVE Examples: Park Fire, California 2024
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RAVE Examples: Canadian Wildfires 2023

* Hourly RAVE PM2.5 emissions on 18 May 2023

00:00 UTC, May 18, 2023
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RAVE Product Applications
e Testing RAVE product in NOAA's AQM-CMAQ and RRFS-CMAQ models
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STEWARDSHIP SYSTEM (CLASS)

MATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
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