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Overview

The global component of the Real-time Air Quality Modeling System (RAQMS*)
IS used to investigate the impact of continental scale ozone production on Houston
and Dallas air quality from July 15 through October 15, 2006.

NASA satellite and NOAA airborne measurements are used to determine the
fidelity of the RAQMS chemical analyses.

Ensemble Lagrangian trajectory analysis is used to determine the source regions
associated with enhanced regional ozone production for the Houston and Dallas
receptor regions.

This study address Questions G and H of the TEXAQSII rapid science synthesis:
How do emissions from local and distant sources interact to determine the
air quality in Texas, and which areas outside of Texas adversely affect the air
guality of non-attainment areas within Texas?

*A unigue aspect of the RAQMS chemical analyses is the incorporation of
satellite data to improve the chemical analysis and the use of fire counts from the
MODIS instrument onboard the NASA Terra and Aqua satellites to generate

biomass burning emissions.
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Biomass Burning Emission Estimates = (Area Burned) x (Availgble Fuel)

Estimated using MODIS Rapid Response fire detections
(ftp://mapsftp.geog.umd.edu)

Databases of the amount of Carbon fuel consumed in each ecosystem
under three classes of fire weather severity (low, medium and high)

____________________________________________________________________________________________________________

Emissions of other species (NOX, NMHC'’s) are calculated from these
carbon emissions using ecosystem dependent emission factors.

Example: Global
carbon consumption
estimates for
high-severity fires

Global Carbon Consumption Estimates [l 1.030001 - 1.320000 2.995001 - 3,385000 6.280001 - 7.163000

Hsv_kgC_m2 I 1320001 - 1.595000 3.385001 - 3.805000 [ 7.163001 - 8.250000
0.000000 - 0.203000 I 1595001 - 1.905000 | soo0 [ &.250001 - 9.701000
0.203001 - 0.440000 - 1.805001 - 2.240000 4.275001 - 4.840000 - 8.701001 - 13.300000

0.440001 - 0.720000 2.240001 - 2.615000 4.840001 - 5.518000
I o.720001 - 1.030000 2615001 - 2.995000 5518001 - 6.280000



RAQMS NOx emissions during TEXAQS: Aug-Sep 2006

Aug—Sep 2006 industnox[mol/em2/s]  7.45049e+11 Aug—Sep 2006 Total surface NOx[mol/em2/s]  1.17667e+12
=

Global industrial (23.43 Tg N/year) and soll
(5.48 Tg N/year) NOx emission data are
from GEIA.

During Aug-Sept 2006 biomass burning
resulted in significant increases in NOXx
emissions in the Pacific NW and slight
O Sl Increases in the Gulf Coast region.




RAQMS Trop NO2 vs OMI

RAQMS NO2 vs NOAA P3
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RAQMS mean trop NO2 column is low by a factor of up to 2

relative to OMI over TX

RAQMS median boundary layer NO2 profile is high by ~30%

relative to P3 measurements
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RAQMS Column CO vs MOPITT RAQMS CO vs NOAA P3
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RAQMS vs EPA AIRNow July 15-Oct 15, 2006
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Impacts of background ozone production

Approach:

Bias corrected RAQMS chemical analyses are used to provide estimates of
background composition along ensemble back trajectories that are initialized at
18Z from surface EPA AIRNOW ozone monitoring stations within the Houston and
Dallas metropolitan statistical area (MSA).

Lagrangian averaged O3 P-L rates along the back trajectories are used as a metric
to classify back trajectories.

The Lagrangian averages are computed during time periods where the back
trajectories are outside the respective MSA, defined as more than 2° in longitude or
latitude away from central Houston or Dallas.




Impacts of background ozone production: Houston July 15-October 15, 2006
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Classifications:

RED=Class1: Enhanced back ground ozone production (ensemble mean 5-day Lagrangian averaged O3 P-L > 10 ppbv/day)

GREEN=Class 2: Moderate back ground ozone production (ensemble mean 5-day Lagrangian averaged O3 P-L > 0 ppbv/day and < 10
ppbv/day).

BLACK=Class 3: Back ground ozone destruction (ensemble mean 5-day Lagrangian averaged O3 P-L < 0 ppbv/day).



Houston Class 1 Source Contributions July 15-Oct 15, 2006
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Class 1=»Midwest/Ohio River Valley source with significant O3 P-L
(40ppbv/ day) due to NOx sources along the southern Great Lakes.



Houston Class 2 Source Contributions July 15-Oct 15, 2006

A0 20 1]

*Class 2 = Distributed Eastern US sources with moderate (10ppbv/day)
O3 P-L due to biomass burning NOx sources in Pacific NW.



Houston Class 3 Source Contributions July 15-Oct 15, 2006
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Class 3=»Net maritime O3 loss over Gulf of Mexico with moderate
(10ppbv/day) O3 P-L due to NOx sources in Florida and Louisiana.



Impacts of background ozone production: Dallas July 15-October 15, 2006

Dallas 18X O3 Timeseries Jul I15—0ct 15 2006
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Classifications:
RED=Class1: Enhanced back ground ozone production (ensemble mean 5-day Lagrangian averaged O3 P-L > 10 ppbv/day)

GREEN=Class 2: Moderate back ground ozone production (ensemble mean 5-day Lagrangian averaged O3 P-L > 0 ppbv/day and < 10
ppbv/day).

BLACK=Class 3: Back ground ozone destruction (ensemble mean 5-day Lagrangian averaged O3 P-L < 0 ppbv/day).



Dallas Class 1 Source Contributions July 15-Oct 15, 2006
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Class 1=» Broad Great Plains/Midwest/Ohio River Valley source with
significant O3 P-L (30ppbv/ day) due to Chicago NOx sources along the
southern Great Lakes.



Dallas Class 2 Source Contributions July 15-Oct 15, 2006
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Class 2 =»Distributed Central US sources with moderate (10-20ppbv/day)
O3 P-L due to Chicago and Houston NOXx sources



Dallas Class 3 Source Contributions July 15-Oct 15, 2006
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*Class 3=»Net maritime O3 loss over Gulf of Mexico with moderate-significant (20-
30ppbv/day) O3 P-L due to NOx sources in Florida and Texas/Oklahoma boarder.



Summary

Continental US source contributions to daily 18Z mean Houston and Dallas
0zone mixing ratios were estimated during July 15-Oct 15, 2006 using
Lagrangian approaches.

Three distinct regional influence classifications are developed based on the
AIRNow ensemble mean 5-day Lagrangian averaged O3 P-L.

Class 1 (Background O3 P-L > 10ppbv/day)
Class 2 (Background 0<O3 P-L<10ppbv/day)
Class 3 (Background O3 P-L<0ppbv/day)

Class 1 events: 10% (12%) of the Houston (Dallas) back trajectories.
Class 2 events: 42% (60%o) of the Houston (Dallas) back trajectories.
Class 3 events: 48% (28%o) of the Houston (Dallas) back trajectories.

Periods of enhanced regional ozone production (Class 1) preceed 66%o (6 out
of 9) and 46%o (7 out of 15) of the periods with elevated (Mean >60ppbv)
AIRNOW ozone within the Houston and Dallas MSAs respectively.



