


o EPA Biomass Burning Emissions — The Importance of Reducing
Ll "\ Uncertainties for Improved Regulatory Decision; an EPA
Eg\éir:ggmental Protection PeI’SpeCtlve

Outline Talk

- Why is EPA interested in biomass burning?
- History of biomass burning in EPA’s National Emission Inventory (NEI)

- Some areas of focus for reducing uncertainty

- United States Environmental Protection Agency 2
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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Current National Ambient Air Quality Standards

National Ambient Air Quality Standards

Primary Standards

Secondary Standards

Pollutant Lewvel Averaging Time Level |Averaging Time

Carbon 9 ppm 8-hour [L1
Monoxide 3

(10 mg/m=) : None

35 ppm 1-hour 21

(40 ma/m?3)
Lead 0.15 pg/m? 21 Raolling 3-Month Same as Primary

Average

1.5 pg/m? Quarterly Average Same as Primary
Mitrogen 0.053 ppm Annual Same as Primary
Dioxide (100 pg/m=) (Arithmetic Mean)
Particulate 150 pg/m> 24-hour 21 Same as Primary
Matter (PM, )
Particulate 15.0 pg/m? Annual £ Same as Primary
Matter (PM,, ) (Arithmetic Mean)

35 pg/m?> 24-hour 21 Same as Primary
Qdzone 0.075 ppm (2008 std) |2-hour &1 Same as Primary

0.08 ppm (1997 std)  |g-hour 21 Same as Primary

0.12 ppm 1-hour &1 Same as Primary
Sulfur 0.03 ppm Annual 0.5 ppm I-hour L1
Dioxide (Arithmetic Mean) (1300 pg/m™)

0.14 ppm 24-hour (L1

United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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United States

How Fire Enters Into EPA’s Research,

oo roecion. | R@GUIAtOry Structure and Air Quality Decisions

Agency

Models
Chemical Transport/Dispersion
(CMAQ, CAMYX, etc)

Meteorological (MM5, WREF, etc)
Plume Rise Models (Briggs, Weil, etc.)
Emission Models/Processing
(SMARTFire/Blueskies,...)

Observations

Decision Support
Analyzed Emission Inventory, Model
Output, and Observation Data to
characterize ambient pollution and
contributions to associated health and
welfare from fire.

Policy Decisions
New Fire Policy

Regulatory Decisions
Interstate Transport

Exceptional Events
SIPs (03, PM, RH)
onformi

Personal Decisions
AIRNOW AQ Index
Air Quality Forecast

On-going feedback to optimize
value and reduce gaps

United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division

Societal
Benefits




\:EPA A Brief History of Fire Emissions

United Statcs

haony ! Frotecte Tracking by EPA

- Prior to 2002 fire year, fire emissions relied on rudimentary
allocation of USFS/DOI ground-based report of fires (many fires
missing or mis-characterized)

- 2002 Fires treated as point sources
—Average daily emissions & 1st-day-of-fire location
—QA & gap-filling was done on a 1-time basis at cost > $1M

—Daily, spatially resolved fire emissions data is a continuing
need — not just for 2002 - Cost effective method needed

« 2003-2006 Fire EIl prepared now using NOAA-HMS data
—Fire emissions & daily geo-location
— First use of SMARTFIRE....

- United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division



wEPA Spatial coincidence in satellite- and

United States .
CouronmentalFrotecion ground-based fire data
'.‘;?{: o ) 7 “ I#:- 'Il .
‘?? S ‘? : |
| .
Agriculture Only Agricultural, State, Federal

and Private Ground-based Fire Data

Satellite- and Ground-based Fire Data

GOES WF-ABBA fire
detections appear to
capture smaller
agriculture fires.
Oregon, July 2002

. oQ

I Agriculture | MODIS;qua
I CONUS WRAP | |GOES ABBA
| | MODIS Terra

. th ..
- United States Environmental Protection Agency  S0j@ €t. al., 2007 16" EPA Emission Inventory Conference
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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\"IEPA Differences Between MODIS and HMS
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F T
Fire Detects - 2004
Pixels per degl’ee
l:l <100
[ 101- 500
« Because HMS includes GOES A prdiora

and AVHRR derived fire pixels in
addition to MODIS, it detects
more fires overall.

* This is especially true in the
southeast, where fires are often

small and/or short lived.

 |n addition to the increased
coverage, HMS provides human
quality control.

- United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Labor.




EPA Significance of biomass burning in EPA’s NEI

Umtcd States
ironmental Protectio
Aqency

- AQ Management of PM2.5, Ozone & HAPs

—PM & O3 NAAQS ~ 24 hr (or less) averaging time

—Some HAPS (e.g., acrolein) associated with short term exposures
- Forecasting

—Fire impacts ~ consideration in AirNow forecasts
- Fire emissions needed for both

—20% of PM2.5 in 48-State El PM2.5 Composition
—VOC, NOx important to Ozone formation = Biomass Burning EC
—Selected HAPs also important m Biomass Burning OC
Biomass Burning Other
National Emission Inventory / 6%

Sources of PM2.5 / ’
m Other Sources PM2.5 mBiomass Burning PM2.5

61%
73%.27%

- United States Environmental Protection Agency 8
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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Characterization and Modeling
of Emissions

Uncertainties inherent in emission estimation influence the
predictive accuracy of air quality models

- Characterize the relative contribution of anthropogenic and natural
emissions to air quality degradation

- Anthropogenic emission estimates derived from EPA National Emission
Inventory (NEI)

— Improving spatial and temporal variability of source emissions affected by
meteorological variability (e.g., plume rise, mobile emissions)

- Develop techniques to quantify emissions from non-traditional sources
— Natural emissions (e.g., biogenic VOCs and NO,, sea-salt, wildfires, dust)
— Non-regulated sectors (e.g., seasonal and spatial variability in NH; emissions)
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United States

SEPA Annual PM, : Primary Emissions

Environmental Protection

Annual Total
2003 1.28
2004 0.90 (2003 - 2006, Lower 48 States)
2005 1.10
2006 | ’ ‘ 167
0.0 0.5 1.0 15 2.0

PM2.5 (million tons)
Monthly Totals
300, 2003 ®2004 2005 ®2006

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

United States Environmental Protection Agency

- Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division



e Annual Average PM, - Wildland Fire Emission Density
wEPA 25
United States (2003 —_— 2006)

Environmental Protection
Agency

tons per square mile

- United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division



\‘...}EPA Monthly Wildland Fire PM, ; Emissions
pnited States  protection (2003-2006)

Agency

29,000 tons

_— Month

~§ IL M A M J J A S O N D J F
R e——— .'-, = | \ = .

- United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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"EPA SMARTFIRE vs. MODIS vs. ICS-209

Environmental Protection

Agency Area Burned

[ _ | 5 B - = )
| : 3 Y b
e l I (i
Average Annual Acres Burned | N TN ]\
(2003 - 2006) A NS =

==y ‘5\._:

J 440,000

ICS209
- Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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A Large Number of Small Fires

Burned area derived from GOES data in 20006
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While wildfires dominate total biomass burning emissions

significant agricultural burning in the South East US will likely

require use of sub-pixel characterization to get accurate
emission estimates.

- United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division

Zhang and Kondragunta, RSE, 2008
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EPA MODIS Land Cover Map

Environmental Protection
Agency

While wildfires dominate total biomass burning emissions
significant agricultural burning in the South East US will likely
require use of sub-pixel characterization to get accurate
emission estimates.

United States Environmental Protection Agency 17
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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SEPA Focus on poorly represented agricultural fires

United States
Environmental Protection
Agency

*Percent of “reported” area burned in the WRAP region, 2002
*22% agricultural lands;
*16% non-federal rangelands; and
*63% private, state and federal lands

100%-

80%-

60%-

B Federal/State/
Public

B Non-Federal
Rangeland

O Agriculture

0%

40%

20%-

AZ CA CO ID MT ND NM NV OR SD UT WA WY mn

United States Environmental Protection Agency .
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division Soja et al JARS 2009
°)
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Comparison of CMAQ results for August 2002

- Difference in daily average PM2.5 concentrations between the four fire
cases and the no fire case

- Compared model predictions with IMPROVE and STN observational
networks, which measure PM2.5 every third day

- Compared the “NOFIRE” case with each inventory

United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division




Aug 2002 Difference NEI

Pi2.5 Concentration Difference

Aug 2002 Difference NCAR

PM2.5 Concentration Difference
36km grid 36km grid

August 1,2002 1:00:00 August 1,2002 1:00:00
Min=-0 at (15,76). Max=183 at (20,76) Min=-0 at (85.28), Max=213 at (16.75)

Aug 2002 Difference NESDIS Aug 2002 Difference ORD
Pi2.5 Concentration Difference

PM2.5 Concentration Difference
36km grid 36km grid

148 ug/m3
August 1,2002 1:00:00 2arch Laboratory, Environm
Min=-0 at (129,70), Max=40 at (16,75)

August 1,2002 1:00:00
Min=-1 at (25,43), Max=486 at (19.75)
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i"IEPA Comparison of CMAQ results (w/ and w/o fire emissions)

United States
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Agency
Domain Wide Aug 2002 25th and 75th Percentiles with Mean for
PM2.5
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United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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Aug 2002 PM2.5 Modeled (NOFIRE and NEI) vs Observed

United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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wEPA All fire inventories reduce the bias but do not improve

United States

environmental Protection - correlation for the IMPROVE network August 2002

R RMSE NMB (%) NME (%)
NO FIRE 0.75 5.6 -38 46
NCAR 0.25 18.7 -5 52
NESDIS 0.75 5.3 -31 42
NEI 0.62 6.3 -28 43
ORD 0.49 8.3 -23 47

United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division




vEPA Why isn’t there an obvious improvement in model results?

United States
Environmental Protection
Agency

- Results are for one month at 36km. A longer simulation at higher
resolution may show better results

- Plume heights and wind fields may be very important in capturing
transport — was the plume injected below or above boundary layer?

- Plume rise algorithm needs refinement and improvement

- Most of the plume from the largest fire (Biscuit Fire) remained over the
Pacific Ocean or did not impact monitors

- Fire inventories are being improved-need to examine other time periods
with newer data.

- August 2002 had the most overlap of all methods but satellite sensors
not fully calibrated

United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division




P NASA B200 and High Spectral Resolution Lidar (HSRL):
wEPA

imeaswes —_[VMl@@surements of Myrtle Beach Fires on April 24 for

Environmental Protection
Agency

Plume Height and Aerosol Extinction Measurements

®April 23 US EPA requests HSRL overflights of SC fires using

= ®Existing HSRL configuration allowed for rapid deployment from
NASA LaRC on April 24

"Measurements data to be added to database for modeling
- studies on fire plume rise and aerosol extinction for biomass
— VYR emission estimates.

B-200-HSRL Overflights of SC Highway 31 Fire (17:45 — MODIS-TERRA AOD captures aerosols from SC
19:20 UTC APR 24) fires - 15:30 UTC APR 24

MODIS AOD (Terra) 2009 04 24 EPA Region 4

Aerosol Backscatter (Mm'1sr'?}(532nm) " . }\4':», S
1 10 ! L . =\

0.1

w Hwy 31 Fire
Wilmington, NC _

36.5 Latitude(deg)

Longitude{deg)



S EPA April 24th Morning and Afternoon B200 flights
St HSRL captures the increase in afternoon aerosols

Erwimnmental Protection

NASA Langley HSRUB;CIJO 24-Apr-2009 NASA Langley HSRL/B200 24-Apr-2009
~ |Morning 'gh,g& Afternoon flight
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United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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o EPA Measurements of Smoke on April 24, 2009
N s Afternoon Flight

Environmental Protection

Agency . .
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Disclaimer

Although this work was reviewed by EPA and approved for publication, it
may not necessarily reflect official Agency policy.

- United States Environmental Protection Agency
Office of Research and Development, National Exposure Research Laboratory, Environmental Sciences Division
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