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REGIONAL CTMS

- Regional chEmical trAnsport Model, REAM for the
first presentation [Choi et al., 2005, 2008a, 2008b,
2009, 2010]

- developed for capturing transient features such
as soil emissions, convection, lightning, and
convective outflow

- WRF-CMAQ 4.7.1 for the second presentation [Choi et
al., 2012 and preparations for the submission]

- WRF-CMAQ 5.0.1 and WRF-Chem 3.4.1

- for establishing two different air quality
forecasting systems and evaluating historical
modeling for Southeast Texas

- 200 CPU MPI system at UH modeling group
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HOUSTON IS A SMOG
CAPITAL

Laredo Morning Times

PAGE 6A

Thursday, October 28, 1999

MEXICO/STATE I

Houston tops Los Angeles as smog capital

BY MEGAN K. STACK
Associated Press Writer

HOUSTON — It was probably just a chemical
belch this month at one of the factories on the
edge of town,

But it was enough to send this sprawling indus-
trial mecca sailing by Los Angeles to claim a dubi-
ous distinction: smoggiest city in the United
States.

“The day that will live in infamy,” Houston health
depar‘tmenl spokesperson Kathy Barton said.
“Really.”

Houston and Los Angeles were running neck-
and-neck in the national air pollution race until
Oct. 7, when Texas' largest city surpassed
California’s largest by notching its 44th smog day
this year. As of Wednesday, the Houston count
had reached 46.

Just what caused the ozone overflow remains a
mystery.

Researchers pinned down the nature of the leak
— large clouds of ethylene and propylene bil-
lowed over east Houston Oct. 7, Texas Natural
Resource Conservation Commission spokesman

http://airwolf.Imtonline.co

pagea6.pdf

Photo from http://texasvox

smog.jpg

Patrick Crimmins said

Those gases likely were the product of one of the
industrial plants on the edge of the nation’s fourth-
largest city.

But which one?

Factories are required to report any accidental
spills. A few plants admitted to leakage, but none
of the reported slip-ups singularly could have
accounted for the magnitude of the ozone leap.

Ozone levels climbed to 251 parts per billion that
day — more than twice the Environmental
Protection Agency's d. It was the most
lung-irritating ozone to hang over Houston in
years, researchers said.

“There was an aberration, a spike,” Crimmins
said.

Researchers have narrowed their search for a
culprit to 25 factories, all clustered around the
Houston Ship Channel southeast of the city and
home of the nation's largest concentration of
petrochemical plants,

In the meantime, Texas is staring at an EPA ulti-
matum. The state has until next month to come up
with a plan to clean its skles by 2007.

The federal g

snatch away money for Texas highway construc-
tion if the state doesn't start making progress
S00n.

But cleanng Houston's air is no small task.
“These reductions are going to have to be
extremely steep,” TNRCC executive director Jeff
Saitas said. “It's going to press the limits of coop-
eration.”

Qil refineries and industnes tend to release
heavy amounts of chemicals that thicken into
ozone above the city.

And then there are the grandfathered plants —
factories that were already running when the
Clean Air Act was penned. Those older plants
were not required to meet the emissions stan-
dards outlined in the 1970s legislation.

“The thought at the ime was that, soon enough,
these guys wouldn't be operational anyway,”
Barton said.

But almost three decades later, an estimated 800
grandfathered plants continue to blow dirty air into
Texas skies. According to a 1998 state study,
those factories accounted for 36 percent of all
industrial air pollution in Texas.

And almost a quarter of the state’s dirtiest grand-

Still today?

fathered plants are clustered around Houston

Smeog broods over the skyline and glimmers from
a distance. Ozone is scratching the throats, eyes
and lungs of the elderly and the very young, Ms.
Barton said.

“It will eventually compromise your respiratory
system,” Ms. Barton said. “It speaks to the quality
of your life as you age.”

Critics claim smog-spitting industry represents
campaign cash for Texas governor and presiden-
tial hopeful George W. Bush and that Bush
stopped short of forcing the plants to clean up
emissions because he was collecting carnp:ugn

i from empl and lobt
“Rather than clear the air, Gov. Bush has ceded
to the demands of some of his biggest donors,”
Tom Smith, director of the consumer group Public
Citizen, said. "He’s given them a walk on their
responsibilities.”

Bush officials dismiss the barbs, contending the
governor has reduced industrial pollution and
toxic waste in Texas.

“Gov. Bush makes his decisions based on what's
night for Texas,” Bush campaign spokesman Scott
McClellan said Wednesday.
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HOUSTON IS A LIGHTNING
CAPITAL

 Houston is called as Lightning Capital of Texas [White
and Orville, July 15, 2002]

IIIIIIIIIIII

HOUSTON




CONVECTION

IIIIIIIIIIII

HOUSTON




IVERSITY of

HOUSTON

LIGHTNING AND
CON

e.g., HO, ingredient
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cloud edge )

_warm updraft cold downdraft
Air pollutants

http://www.cmmap.org/learn/clouds/cloudCloudl1.htm

From Leet Software

« Convection transports HO, sources and lightning
enhances nitric oxide (NO) to the upper troposphere

« CTM includes detailed updraft and downdraft of tracers
and their scavenging inside of cloud [Choi et al., 2005]
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LIGHTNING FLASHES

(flashes km? day™)

0.01 0.04 0.08 0.12 0.16 0.20

e Difficult to capture lightning occurrences in model
* Dependence of lightning occurrence on CAPE and
cloud mass flux with higher-order (4" order) [Choi et
UNIVERSITY of aI.,2005,GRL].

OUSTON




LIGHTNING: OMI NO,

OMI REAM Lightning
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[Choi et al. 2008, GRL]

e Tropospheric NO, for May-Aug 2005 from OMI (first),
model (second), and lightning contribution (third).
 Summertime lightning NO is important (=17%).
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TES O; VERTICAL PROFILE

Satellite

Model

©:* | ightning’s
contribution

16

Human’s
contribution

25 30 as 40 45 50
Latitude

e Zonal O5 over NA for Jul 2005 from TES (first), model (second),
and lightning (third) and anthropogenic (last) contribution.
 Anthropogenic and lightning NOs are important for the lower
and upper tropospheric O,.
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OUTGOING LONGWAVE
RADIATION

Satellite Model Lightning Anthropogenic
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[Choi et al. 2009, GRL]

« OLR for Jun-Jul 2005 from NOAA-16 (first), model (second),
and OLR reduction by lightning (third) and anthropogenic NO-
derived Oj increase (last)

e Lightning exerts a larger impact by their large radiative
sensitivity.



HEAT WAVE IMPACT ON CO

MOPITT CO column for 2006
TSRS T WEESE @eyon g wes  Anthropogenic sources are
' ' larger than biogenic.

B o (10 molec cm™)
0.01.01112131415161.71.81.9 2.0 0.00 0.05 0.10 0.15 0.20 0.25 0.30

TES CO at 800 hPa for 2006

TES co REAM with AK Blogenlc Anthropo

For very warm days,
biogenic sources produce as
much as CO from
anthropogenic.

S —e) E— S — [Choi et al. 2010, AE]
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SOURCE IMPACT ON

nghtnlng Convection Soll

AONTTTAANT NIOZ

Monthly mean
contributions of
lightning,
convection and
soil emissions to
NO, columns for
Feb-May 2000.

Choi et al. [2008,
JGR]

0.07 0.08 0.09 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 2.00 3.00
10" molecules cm®
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SOURCE IMPACT ON

OM_I-MLS _ F{EAM nghtnlng &Il‘f‘ cemox Stratosphere

[Choi et al.
2008, GRL]

Northward migration for Apr-Aug 2005 is by seasonal
shifts of O; from stratosphere to surface and lightning
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Observed(solid lines) and simulated(dotted lines) mean O3 for Feb-

SRR May 2000, showing ozonesonde (top) and MOZAIC aircraft (bottom)
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CONCLUSION

Fossil NO, emission is a major source for
tropospheric NO, and O,. Lightning NO, effectively
enhance upper tropospheric O,.

Due to the large radiative sensitivity of upper
tropospheric O, the lightning NO, contribution to
OLR via its O5 production is significantly larger than
anthropogenic.

O; enhancement over the NA migrates northward
from spring to summer due to seasonal shifts of the
O; from stratosphere to surface and lightning
productions.

For very warm days, biogenic sources produce as
much as CO from anthropogenic.



SURFACE AIR POLLUTION

Marion E. Lent
makes her way to
work as smog dims
City Hall in this 1953
photo (from Los
Angeles Times)




SURFACE O,
OVERPREDICTION
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CMAQ model over-predicts surface O; over the eastern
IVERSITY of US during Summer.
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SURFACE O,
OVERPREDICTION

* Geological regions are categorized into chemical

regimes
NO, sensitive regime
regime

* Chemical regimes are from chemical environments

NO, sensitive regime: O, decreases as NO,
VOC >> NO, decreases

NO, saturated
regime:
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SATELLITE: CHEMICAL
ENVIRONMENT

Pollution Concentration

6 a.m. 9a. Noon 3 p.m. 6 p.m. 9 .m.
Time of Day

GOME-2 captures light reflected from the Earth’s
surface.



VOC/NO,~GOME-2
HCHO/NO,

GOME2 and CMAQ HCHO/NO, (unitless)
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Ratio of HCHO/NO, is a proxy for VOCs/NO, emissions
or concentrations
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O; FROM EPA AQS AND
CMAO

HCHO}‘NO 1
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UNCERTAINTY OF NO,

GOME-2 and CMAQ NO, (10"° molecules cm?)

Uncertainty of NO, Which region has the
emission inventory? largest uncertainty?
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NO, FROM GOME-2 AND
CMA(L

CMAQ CMAQIGOME-Z

— ' [10"° moles cm™] [unitless]
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 0.20406081.01.2141.61.82.02.2

[Choi et al. 2012, ACP]

CMAQ generally over-predicts NO, columns
particularly over the urban areas of the Low Middle
US, but under-predicts over some urban and rural
areas.
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SATELLITE-ADJUSTED NO,
EMISSIONS

e Assuming that NO, concentrations are proportional
to NO, emissions.

* NO, emissions are scaled by comparing satellite and
CMAQ NO, columns.

New emission = emission X

Q(GOME-2)/Q(CMAQ)

National Emission Modified emission
Inventory (NEI) 2005 inventory




NEI2005 AND ADJUSTED
EMISSIONS

NEI2005 _ Modified

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

NO emissions generally decrease over urban areas,
but increase over some urban areas of Indiana,

VERSITY of lllinois, and Pennsylvania and rural areas.
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NEI2005 AND ADJUSTED
EMISSIONS

NO, emissions from NEI2005 over Low Middle US are
high biased.




CASE 1: NO, STUDY
OVER LOS ANGELES

NEI2005 Emission - adjusted CMAQ NO, - adjusted
4 - Sethan |

| !

25 15 05 05 15 25

Circle: CMAQ — EPA NO, observation

NO, emission reduction mitigate the discrepancy between
simulated and observed NO, concentrations




OVER LOS ANGELES

Surface O, CMAQ O, - adjusted
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Circle: EPA O; observation Circle: CMAQ — EPA O; observation

NO, emission reduction mitigate the discrepancy
between simulated and observed O, concentrations




CASE 2: NO, STUDY
OVER HOUSTON

5 Emission - adjusted CMAQ NO, - adjusted

NEI200

[mol s
06 00 06 12 18 24 AD A6 a0 K0 T,
09 03 03 09 15 2.1 20 00 20 40 60 80

Circle: CMAQ — EPA NO, observation

[Ppbv]

NO, emission reduction mitigate the discrepancy between
simulated and observed NO, concentrations




OVER HOUSTON

Surface O, CMAQ O, - adjusted

[Ppbv] [ppbv]

30 38 46 54 62 6.0 -2.0 2.0 6.0 10.0
34 42 50 58 66 -8.0 4.0 0.0 4.0 8.0 12.0

Circle: EPA O; observation Circle: CMAQ — EPA O; observation

NO, emission reduction worsen the discrepancy
between simulated and observed O, concentrations




CONCLUSION

* The summer largest O, biased region is characterized
as NO,-sensitive regime.

* Uncertainty of EPA NEI 2005 is largest over the low
middle US.

* CMAQ with GOME-2 derived NO, emissions better
captures in-situ observed NO, and daytime O,.

However, we need to find another major cause for the
O; bias.




STAR TREK SPOCK TO UH

SPOCK.GEOSC.UH.EDU

From www.startrek.com/database_article/spock

Affiliation: UHfleet
Choi Government

First name: Spock
Posting: Air
Quality
Forecasting
officer/first officer

Rank: Main Node
Commander

Spock is helping
UH modeling
group for
managing air
guality forecasting
system
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Master Node

Storage

Spock

192 processors

2 TB of system memory
60 TB of storage space
~ 200 k

Uses specialized (Xeon) processors.
(e5-4640)

Uses about 40 Amps of power

SlEVEICﬂr ~ 500 GFLOPS

Nodes

Very dense, same space as about 3-4
pCs



To boldly go where no
atmospheric chemist has gone
before....




UH AIR QUALITY
FORECASTING SYSTEM

=1o1x]

* Forecasting domains

WPS Domain Configuration based on WRF-CMAQ
(Beata Czader) and WRF-
Chem (Lijun Diao) (36-12-
4km) and having a plan to
go further (12-4-1.3km)

e If available, data
assimilation is utilized
using in-situ observed
chemicals and lightning




WRF-CMAQ
FORECASTING SYSTEM
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[Czader et al., preparation for publication]

» Beata Czader is performing QA/QC process of the WRF-
CMAQ modeling system on 2000, 2006 and/or 2009 field
campaigns and will do for 2013 DISCOVER-AQ

Model Max= 82

[WRF] vs Obs Ozone (pph) 20090520: 00 CST

IVERSITY of

HOUSTON * Have a plan to implement TCEQ emissions over Texas




WREF-CHEM
FORECASTING SYSTEM

aseM

-----

August 27, 2011 00Z, res=36 km

7 ~-? ‘n-.k ‘r i} ”

=== - ‘-'E-“"

B .(g.‘“;,m;i#‘

'@ iln' ].!5‘»"“ -l‘
. ‘

5 3 35 4 45 5 55 8 iy
WCeE mising eulo {ppby) 0 mising ratie (Bt

* Lijun Diao is performing QA/QC process of the WRF-
Chem forecasting system on a big wildfire event over
Texas (September-October, 2011) and will do for 2013
DISCOVER-AQ

*» Have a plan to implement TCEQ emission over Texas
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AIR QUALITY CLIMATE
FORECASTING SYSTEM

Whole Atmosphere
ty Climate Model

UH Chemical Transport Model
(troposphere [Choi et al., 2005] + greenhouse gases
+ stratosphere + mesosphere)

'

» See the impact of climate change on atmospheric
chemicals and vice versa

* TCEQ emissions will be used in UH CTM over Texas




Kirk/Spock
i collaboration
g makes

' miracles.

@ \\/e are
looking for
collaborators
like you.

From Wikipedia
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