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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 
  

 
 
 
 



Human-derived O3 

Human 



Houston is a Smog 
Capital 

http://airwolf.lmtonline.com/news/archive/1028/
pagea6.pdf  

Still today? 
Photo from http://texasvox.files.wordpress.com/2010/02/hou-
smog.jpg 



Lightning-derived O3 

Lightning 

Lightning 



Houston is a Lightning 
Capital 

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



Convection  

COMET 
 



Lightning and 
Convection 

Air pollutants 
http://www.cmmap.org/learn/clouds/cloudCloud1.htm 

 
• Convection transports HOx 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] 
 



Lightning Flashes 

 
• Difficult to capture lightning occurrences in model  
• Dependence of lightning occurrence on CAPE and 
cloud mass flux with higher-order (4th order) [Choi et 
al., 2005, GRL]. 
 



Lightning: OMI NO2 

[Choi et al. 2008, GRL] 

 
• Tropospheric NO2 for May-Aug 2005 from OMI (first), 
model     (second), and lightning contribution (third).  
• Summertime lightning NO is important (≈17%).  



TES O3 vertical profile 

Satellite 

Model 

Lightning’s 
contribution 

Human’s 
contribution 

 
 
• Zonal O3 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 O3.  
 



Outgoing Longwave 
Radiation 

[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 O3 increase (last)  
• Lightning exerts a larger impact by their large radiative 
sensitivity. 



Heat wave impact on CO 

MOPITT CO column for 2006 



Source impact on 
column NO2 

Monthly mean 
contributions of 
lightning, 
convection and 
soil emissions to 
NO2 columns for 
Feb-May 2000. 
 
 
Choi et al. [2008, 
JGR] 



Source impact on 
column O3  

[Choi et al. 
2008, GRL]  

 
Northward migration for Apr-Aug 2005 is by seasonal 
shifts of O3 from stratosphere to surface and lightning 
NO sources. 
 



Springtime O3 profile   

[Choi et al. 
2008, JGR]  

Observed(solid lines) and simulated(dotted lines) mean O3 for Feb-
May 2000, showing ozonesonde (top) and MOZAIC aircraft (bottom) 
 



Conclusion 
 

• Fossil NOx emission is a major source for 
tropospheric NOx and O3. Lightning NOx effectively 
enhance upper tropospheric O3. 
 

• Due to the large radiative sensitivity of upper 
tropospheric O3, the lightning NOx contribution to 
OLR via its O3 production is significantly larger than 
anthropogenic. 
 

• O3 enhancement over the NA migrates northward 
from spring to summer due to seasonal shifts of the 
O3 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 O3 
overprediction 

CMAQ model over-predicts surface O3 over the eastern 
US during Summer. 

 



Surface O3 
overprediction 

 Geological regions are categorized into chemical 
regimes 

 
 
  
 
 
 Chemical regimes are from chemical environments 



Satellite: Chemical 
Environment 

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

 



VOC/NOx~GOME-2 
HCHO/NO2 

Ratio of HCHO/NO2 is a proxy for VOCs/NOx emissions 
or concentrations 



O3 from EPA AQS and 
CMAQ 

Black: EPA AQS 
Red: CMAQ model 
CMAQ over-predicts 

O3 at EPA AQS 
stations over 
NOx-sensitive 
regime 
(HCHO/NO2 > 3).  



Uncertainty of NOx 



NO2 from GOME-2 and 
CMAQ 

CMAQ generally over-predicts NO2 columns 
particularly over the urban areas of the Low Middle 
US, but under-predicts over some urban and rural 
areas.  

 

[Choi et al. 2012, ACP]  



Satellite-adjusted NOx 
emissions 

 
 

 Assuming that NOx concentrations are proportional 
to NOx emissions. 

 NOx emissions are scaled by comparing satellite and 
CMAQ  NO2 columns. 
 



NEI2005 and adjusted 
emissions 

NO emissions generally decrease over urban areas, 
but increase over some urban areas of Indiana, 
Illinois, and Pennsylvania and rural areas.  

 



NEI2005 and adjusted 
emissions 

NOx emissions from NEI2005 over Low Middle US are 
high biased. 

 



Case 1: NOx study  
over Los Angeles 

 

NOx emission reduction mitigate the discrepancy between 
simulated and observed NOx concentrations 

 

Circle: CMAQ – EPA NOx observation 
 



Case 1: O3 study  
over Los Angeles 

 

NOx emission reduction mitigate the discrepancy 
between simulated and observed O3 concentrations 

 

Circle: CMAQ – EPA O3 observation 
 

Circle: EPA O3 observation 
 



Case 2: NOx study  
over Houston 

 

NOx emission reduction mitigate the discrepancy between 
simulated and observed NOx concentrations 

 

Circle: CMAQ – EPA NOx observation 
 



Case 2: O3 study  
over Houston 

 

NOx emission reduction worsen the discrepancy 
between simulated and observed O3 concentrations 

 

Circle: EPA O3 observation 
 

Circle: CMAQ – EPA O3 observation 
 



Conclusion  
 
 
 The summer largest O3 biased region is characterized 

as NOx-sensitive regime. 
 
 

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

 CMAQ with GOME-2 derived NOx emissions better 
captures in-situ observed NOx and daytime O3.  
However, we need to find another major cause for the 
O3 bias. 

 
 



Star Trek Spock to UH 
spock.geosc.uh.edu  

 
 
 
 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 
quality forecasting 
system 
 
 

 
 

From www.startrek.com/database_article/spock  



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 

~ 500 GFLOPS 

Very dense, same space as about 3-4 
pcs 



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



UH Air Quality 
Forecasting system 

 
 Forecasting domains 

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) 
 

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

 
 
 
 

 
 



WRF-CMAQ 
forecasting system 

 
 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 

 Have a plan to implement TCEQ emissions over Texas 
 
 

 
 

[Czader et al., preparation for publication]  



WRF-Chem 
forecasting system 

 
 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 
 
 
 
 

 
 



Air quality climate 
forecasting system 

 
 See the impact of climate change on atmospheric 

chemicals and vice versa 
 TCEQ emissions will be used in UH CTM over Texas 

 
 
 

 
 

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

+ stratosphere + mesosphere) 



Kirk/Spock 
collaboration 
makes 
miracles. 
 
We are 
looking for 
collaborators 
like you. 
 From Wikipedia 
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