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1.  INTRODUCTION 
 

 
Background 
 
On December 20, 2002 local governments in a five county area of Northeast Texas (Gregg, 
Harrison, Rusk, Smith, and Upshur counties) entered into an Early Action Compact (EAC) with 
the U.S. Environmental Protection Agency (EPA) and the Texas Commission on Environmental 
Quality (TCEQ).  The purpose of the EAC is to develop and implement a Clean Air Action Plan 
(CAAP) that will reduce ground level ozone concentrations throughout the five county area to 
comply with the 8-hour ozone standard by December 31, 2007 and maintain the standard beyond 
that date.  The CAAP was submitted to the EPA in March, 2004.  EPA designated all five 
counties as 8-hour ozone attainment areas on April 15, 2004 (see 69 FR 23858). 
 
Ozone air-quality planning activities for Northeast Texas are directed by a local, multi-
stakeholder group called Northeast Texas Air Care (NETAC).  NETAC conducts technical 
studies such as ambient monitoring, emission inventory development, air quality modeling and 
demonstrating emission reduction technologies.  NETAC’s research studies are designed to 
improve the understanding of the causes of high ozone in Northeast Texas and thereby promote 
the most effective, and cost effective air quality management solutions.   
 
 
Objectives 
 
In this report, we describe the development and evaluation of a seasonal ozone model for the 
summer of 2002.  Our model evaluation demonstrated that the 2002 seasonal model’s 
performance is generally within the EPA performance benchmarks, particularly on high ozone 
days, and is suitable for use in developing control strategies.  We also assess the effects of 
regional transport of ozone on high ozone days in Northeast Texas during the summer of 2002.  
The regional transport analysis showed that the contribution to ozone concentrations in Northeast 
Texas from regions outside of Texas was larger than that of sources within Northeast Texas on 
11 of 18 high ozone days during the summer of 2002.  There was one day when significant 
transport from within Texas occurred.  On this day, the contribution from Central Texas 
exceeded the local contribution from within Northeast Texas and contributions from Houston 
and South Texas were comparable to that of Northeast Texas.  We conclude from this analysis 
that regional transport of ozone and precursors played an important role in the occurrence of high 
ozone days in 2002. 
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2.  DEVELOPMENT OF A SEASONAL OZONE MODEL FOR 2002 
 
 
A new ozone modeling database was developed for northeast Texas for the summer of 2002.  
The 2002 model is based on meteorology and emissions data developed by the Central Regional 
Air Planning Association (CENRAP) for annual modeling of regional haze and visibility (see 
www.cenrap.org for information about CENRAP).  The CENRAP 2002 data were adapted to 
create the Northeast Texas ozone modeling databases for June through September of 2002.  The 
CENRAP meteorological data have 36-km and 12-km resolution, thus the NETAC 2002 
seasonal model does not have a 4-km grid. 
 
 
MODELING DOMAIN 
 
The 2002 modeling domain is shown in Figure 2-1.  The expanded 36-km coarse grid is outlined 
in black, and covers the entire eastern U.S. and portions of Canada and Mexico.  The grid has 69 
grid cells in the east-west direction and 67 grid cells in the north-south direction, and 20 layers in 
the vertical.  The 12-km nested grid, outlined in red, is a 1068-km by 1068-km square covering 
the eastern half of Texas and most of Louisiana, Mississippi, Arkansas, and Oklahoma. The grid 
has 96 grid cells in the east-west direction, 96 grid cells in the north-south direction, and the 
same vertical structure as the 36 km grid.   
 
Modeling for the summer of 2002 was performed using version 4.31 of the Comprehensive Air 
quality Model with extensions (CAMx; ENVIRON, 2004).  The modeling used the Carbon Bond 
4 (CB4) chemical mechanism (Gery et al., 1989) with 2005 updates to extend the inorganic 
reactions and add “NOx recycling” reactions (CB4xi; Yarwood, Whitten and Rao, 2005).  CAMx 
was run for the entire period from June 1 to September 30, 2002 at 36-km resolution with a two-
way nested 12-km grid, as shown in Figure 2-1.  
 
 
METEOROLOGICAL DATA 
 
CAMx requires meteorological input data for the parameters shown in Table 2-1.  
Meteorological input data for CAMx were developed using the PSU/NCAR Mesoscale Model 
version 5 (MM5; Duhdia, 1993).  The MM5 simulation was performed for CENRAP by Iowa 
DNR (personal communication from Mathew Johnson).  MM5 was run in the following 
configuration: 

• Pleim-Xiu Land Surface Model 
• Asymmetric Convective Mixing Planetary Boundary Layer Model 
• Kain-Fritsch II Cumulus Parameterization 
• Reisner I Moist Physics Parameterization 
• RRTM Longwave and Dudhia Shortwave Radiation Packages 
• Analysis nudging of winds, and soil moisture at the surface 
• Analysis nudging of winds, temperature, and humidity aloft 
• No nudging to observations at the surface 

 
MM5 output fields were translated to CAMx-ready inputs using ENVIRON’s MM5CAMx 
translation software.  Meteorological data were reformatted from MM5 to CAMx using the 
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MM5CAMx processor with some layer aggregation above the PBL as shown in Table 2-2.  
CAMx was run with 20 vertical layers, a top above 15 km, and a surface layer thickness of 20 m.  
Vertical diffusivity coefficient (Kv) values near the ground were modified because the MM5 
does not seem to capture real world near-surface mixing of trace gases.  First, Land-use 
dependant minimum Kv values were applied in the surface layer.  Then, in each vertical column, 
the maximum diffusivity encountered in the lowest 100 meters was applied to all layers below 
100 meters.   
 
Table 2-1.  CAMx meteorological input data requirements. 
CAMx Input Parameter Description 
Layer interface height (m) 3-D gridded time-varying layer heights for the start and end of 

each hour 
Winds (m/s) 3-D gridded wind vectors (u,v) for the start and end of each hour 
Temperature (K) 3-D gridded temperature and 2-D gridded surface temperature for 

the start and end of each hour 
Pressure (mb) 3-D gridded pressure for the start and end of each hour 
Vertical Diffusivity (m2/s) 3-D gridded vertical exchange coefficients for each hour 
Water Vapor (ppm) 3-D gridded water vapor mixing ratio for each hour 
Clouds and Rainfall (g/m3) 3-D gridded cloud and rain liquid water content for each hour 

 
 
Table 2-2.  MM5 and CAMx vertical grid structures based on 28 sigma-p levels.  Heights (m) 
are above ground level according to a standard atmosphere; pressure is in millibars. 
 

Layer   sigma   pressure  height  thickness      CAMx Layers      
===========================================| |===============  
 28    0.0000     50.00  18874.41   1706.76 
 27    0.0250     73.75  17167.65   1362.47 
--------------------- CAMx Top ------------------ 
 26    0.0500     97.50  15805.17   2133.42        --20---          
 25    0.1000    145.00  13671.75   1664.35        --19---          
 24    0.1500    192.50  12007.40   1376.75                         
 23    0.2000    240.00  10630.65   1180.35        --18---          
 22    0.2500    287.50   9450.30   1036.79                         
 21    0.3000    335.00   8413.52    926.80        --17---          
 20    0.3500    382.50   7486.72    839.57                         
 19    0.4000    430.00   6647.15    768.53                    
 18    0.4500    477.50   5878.62    709.45        --16---          
 17    0.5000    525.00   5169.17    659.47                         
 16    0.5500    572.50   4509.70    616.58                         
 15    0.6000    620.00   3893.12    579.34        --15---          
 14    0.6500    667.50   3313.78    546.67        --14---          
 13    0.7000    715.00   2767.11    517.77        --13---          
 12    0.7500    762.50   2249.35    491.99        --12---          
 11    0.8000    810.00   1757.36    376.81        --11---     
 10    0.8400    848.00   1380.55    273.60        --10---          
  9    0.8700    876.50   1106.95    266.37        ---9---          
  8    0.9000    905.00    840.58    259.54        ---8---          
  7    0.9300    933.50    581.04    169.41        ---7---          
  6    0.9500    952.50    411.63    166.65        ---6---          
  5    0.9700    971.50    244.98     82.31        ---5---     
  4    0.9800    981.00    162.67     65.38        ---4---          
  3    0.9880    988.60     97.29     56.87        ---3---          
  2    0.9950    995.25     40.43     20.23        ---2---          
  1    0.9975    997.62     20.19     20.19        ---1---       
  0    1.0000   1000.00      0.00 ========= Surface ====== 
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EMISSION INVENTORY FOR 2002 
 
The regional emission inventory data were developed from the CENRAP 2002 inventory data.  
CENRAP’s 2002 emission inventory is based on EPA’s 2002 National Emission Inventory with 
updates and corrections provided by CENRAP member states (which include Texas) and the 
other Regional Planning Organizations.  The regional emission inventories were processed using 
the EPS3 emissions processing system for the modeling domains shown in Figure 2-1.  Annual 
(and seasonal/monthly) county-level emissions estimates were obtained from CENRAP in 
ASCII, “IDA” formatted data files.  These data contain all the necessary information required for 
application of EPS3.  Processing utilities were developed using Perl to re-format these data into 
AFS (point sources) and AMS (area and mobile sources) formatted data files for input to EPS3.     
 
Table 2-3 lists the data files that were used in the development of the Texas regional emission 
inventory for the 2002 modeling episode.  All of these data were taken from the CENRAP 2002 
inventory data with the exception of U.S. on-road mobile and the Gulf of Mexico offshore 
sources.  The U.S. on-road mobile emission inventory was the EPA NEI 2002 preliminary data 
that was posted on EPA’s website in the summer of 2004.  The Gulf of Mexico offshore 
inventory was provided by TCEQ. 
 
Biogenic emissions for 2002 were developed using the GloBEIS model with MM5 temperatures, 
solar radiation derived from analysis of GOES satellite data and landuse/landcover (LULC) data 
developed for the TCEQ by ENVIRON.  The biogenic LULC data are from EPA’s BELD 
database outside of Texas, and based on TCEQ – sponsored surveys inside Texas. 
 
Table 2-3.  2002 emission inventory data files. 
Category Region Data File 
On-Road Mobile US nei2002prelim.onroad.ext_reg.ams.srt  
  Canada mbinv_CANADA2000.ida 
Off-road Mobile CENRAP CENRAP_NONROAD_SMOKE_INPUT_ANN_071305.txt 
  MANE nrinv_mane-vu2002_052505.ida.txt 
  MANE nrinv_aircraft.mane-vu2002_052505.ida.txt 
  MANE nrinv_locomotive.mane-vu2002_052505.ida.txt 
  MANE nrinv_shipping.mane-vu2002_052505.ida.txt 
  VISTAS nrinv_vistas2002_rev_100104.ida.txt 
  VISTAS nrinv_aircraft.vistas2002_rev_100104.ida.txt 
  VISTAS nrinv_locomotive.vistas2002_rev_100104.ida.txt 
  VISTAS nrinv_shipping.vistas2002_rev_100104.ida.txt 
  MRPO arinv.nroad.sep2002.mrpo.baseJ.ida.txt 
  MRPO arinv.nroad.aug2002.mrpo.baseJ.ida.txt 
  MRPO arinv.nroad.jul2002.mrpo.baseJ.ida.txt 
  MRPO arinv.nroad.jun2002.mrpo.baseJ.ida.txt 
  WRAP nrinv_wrap2002_nonCA_aut_060705.ida 
  WRAP nrinv_wrap2002_nonCA_sum_060705.ida 
  WRAP nrinv_wrap2002_Aircraft_aut_080205.ida 
  WRAP nrinv_wrap2002_Aircraft_sum_080205.ida 
  WRAP nrinv_wrap2002_locomotive_annual_tpd_080205.ida 
  WRAP nrinv_wrap2002_Comm_Marine_inshore_annual_tpd_080205.ida 
  Canada nrinv.CANADA2000_v2.ida 
  Canada nrinv_aircraft.CANADA2000_v2.ida 
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Category Region Data File 
  Canada nrinv_locomotive.CANADA2000_v2.ida 
  Canada nrinv_marine.CANADA2000_v2.ida 
Area CENRAP arinv_nodust_ref_nh3_cenrap2002_081705.ida.txt 
  MANE arinv_nodust_ref_mane-vu2002_011705.ida 
  MWRPO arinv_nodust_ref_nh3_mw2002I_052305.ida 
  VISTAS arinv_nodust_ref_vistas2002_040105.ida 
  VISTAS ar_fire_2002_rev_21oct04_vistas.emis.ida 
  WRAP arinv_nodust_wrap2002_081205.ida.txt 
  Canada arinv_nodust_CANADA2000_v2.ida 
  US SMOKE_2002_OilGas_annual_tpd_082505rev.ida 
Offshore  GULF lo_ar.grdem.cb4.000830.reg_12km.MMS2000.05Aug18 
  GULF afs.gwei2000.20000801.3pol.lcp 
Points CENRAP CENRAP_POINT_SMOKE_INPUT_ANNUAL_DAILY_072505.txt 
  MANE ptinv_mane-vu2002_sum_013105.ida 
  MRPO ptinv.ann2002.mrpo.baseI.ida 
  VISTAS ptinv_2002_08nov04_vistas.ida 
  WRAP WRAP_Point_Inventory_States-rev20050908.txt 
  Canada ptinv_CANADA2000_v2.ida 
 
 
Tables 2-4 and 2-5 show the baseline weekday emissions for NOx and VOC, respectively, by 
emission group (on-road mobile, elevated points, low-level points, area (including offshore and 
Canada), off-road, and biogenic sources) and source region.  Biogenic emissions vary 
significantly from day to day due to temperature differences and the data shown in Tables 2-4 
and 2-5 are day-specific for August 15, 2002.  Because the emission summaries provided in 
Tables 2-4 and 2-5 are prepared from model ready gridded emissions, the allocation to 
geographic areas is approximate.  
 
Table 2-4.  Baseline NOx emissions (tons/day) for August 15, 2002. 

 
On-Road 
Mobile 

Elevated 
Points 

Low 
Points 

Area & 
Offshore

Off-Road 
Mobile 

Total 
Anthro Biogenic

DFW 9-County 348 74 3 54 143 622 47 
DFW 16 County 391 117 3 68 159 738 74 
Northeast Texas 109 220 5 93 42 469 15 
Central Texas 141 195 2 58 64 460 109 
Houston Region 354 421 11 57 176 1019 20 
South Texas 276 298 8 89 107 777 173 
West Texas 215 177 10 191 114 707 437 
Texas 1486 1427 39 556 661 4170 827 
Gulf + Mexico 24 207 4 393 46 673 71 
Oklahoma 361 509 12 297 159 1337 217 
Louisiana 341 874 95 283 338 1931 102 
Arkansas 262 177 54 63 218 773 106 
Mississippi 333 297 39 18 248 934 110 
Alabama 427 603 95 25 174 1324 68 
Tennessee 524 577 14 44 247 1406 97 
Kentucky 409 1139 13 98 231 1890 112 
Georgia 790 537 6 81 242 1656 98 
Florida 1182 796 4 71 388 2440 53 
Mid Atlantic  1845 2251 70 198 616 4979 236 
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On-Road 
Mobile 

Elevated 
Points 

Low 
Points 

Area & 
Offshore

Off-Road 
Mobile 

Total 
Anthro Biogenic

NE US and Canada 4153 2070 271 418 2093 9005 251 
Northern Plains 5148 4659 963 712 2517 13999 4840 
Total 17286 16122 1677 3254 8177 17286 7186 
 
 
Table 2-5.  Baseline VOC emissions (tons/day) for August 15, 2002. 

 
On-Road 
Mobile 

Elevated 
Points 

Low  
Points 

Area & 
Offshore

Off-Road 
Mobile 

Total 
Anthro Biogenic

DFW 9-County 196 7 11 117 65 397 469 
DFW 16 County 218 8 13 138 83 460 1409 
Northeast Texas 58 12 20 78 27 196 3751 
Central Texas 77 17 10 69 37 209 1980 
Houston Region 196 37 76 133 73 515 39 
South Texas 171 11 24 151 77 433 1029 
West Texas 124 5 13 200 77 418 3677 
Texas 844 89 154 769 373 2230 11885 
Gulf + Mexico 17 46 3 161 85 312 654 
Oklahoma 212 14 36 269 122 652 5294 
Louisiana 187 44 116 182 265 793 2908 
Arkansas 138 33 220 137 143 671 9548 
Mississippi 163 17 73 265 88 606 9547 
Alabama 260 31 75 296 105 767 11641 
Tennessee 283 70 100 271 116 841 5381 
Kentucky 232 38 55 190 85 601 2935 
Georgia 420 35 37 553 157 1202 10202 
Florida 764 47 35 759 450 2055 8508 
Mid Atlantic  1084 146 263 1160 488 3142 18469 
NE US and Canada 2166 136 267 2295 1690 6554 10218 
Northern Plains 3035 344 499 2588 1890 8356 28181 
Total 9804 1091 1932 9896 6057 28781 135369 
 
 
EPISODE SELECTION 
 
The TCEQ ozone monitoring data for northeast Texas for the summer of 2002 were reviewed to 
identify high ozone periods suitable for model performance assessment and analyses of ozone 
transport.  Table 2-6 summarizes days when the 8-hour ozone average exceeded 85 ppb as 
measured at monitors in Northeast Texas.  Monitor locations are shown in Figure 2-2.  Listed in 
Table 2-6 is the number of monitors that exceeded 85 ppb on each day, as well as the highest 8-
hour ozone value measured at any monitor on that day.  Once these high ozone days were 
identified, 8-hour daily maximum ozone time series for the monitors were examined to 
determine the temporal extent of each high ozone episode.  At least one episode day was 
included before and after the peak ozone day, so that the 8-hour ozone time series peak could be 
clearly distinguished, and its timing and amplitude evaluated. 
 
Six episode periods from 2002 were selected for model evaluation and analysis of transport of 
ozone and precursors into the Northeast Texas region: 
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• Episode 1: June 17 to June 23, 2002 (7 days) 
• Episode 2: July 21 to July 23, 2002 (3 days) 
• Episode 3: August 7 to August 12, 2002 (6 days) 
• Episode 4: August 27 to August 30, 2002 (4 days) 
• Episode 5: September 10 to September 16, 2002  (7 days) 
• Episode 6: September 26 to September 28, 2002 (3 days) 

 
This provides 30 episode days, which should be sufficient for evaluation of the baseline model.   
 
Table 2-6.  Days in summer 2002 when 8-hour ozone measured at Northeast Texas monitors 
exceeded 85 ppb. 

Date 
Number of Monitors 
Exceeding 85 ppb 

Maximum 8-Hour Ozone 
(ppb) 

Monitors Exceeding  
85 ppb 

18-Jun-02 1 86 Karnack 
22-Jun-02 2 90 Karnack, Tyler 
22-Jul-02 1 85 Karnack 
8-Aug-02 1 90 Longview 
9-Aug-02 1 85 Karnack 
10-Aug-02 1 88 Karnack 
11-Aug-02 1 85 Karnack 
29-Aug-02 2 86 Waskom, Karnack 

11-Sep-02 4 91 
Waskom, Karnack, 

Longview, Tyler 
13-Sep-02 1 90 Waskom 
14-Sep-02 3 92 Karnack, Waskom, Tyler 
27-Sep-02 1 91 Longview 
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Figure 2-1.  CAMx 36 km and 12 km (smaller rectangle outlined in red) modeling domains for 
the summer 2002 seasonal ozone model.   
 



September 2006 
 
 
 
 

H:\etcog4\2002_ozone_model\Reporting\Draft_092506\Sec2.doc 2-8 

 

Figure 2-2.  Map showing CAMS monitors in the Northeast Texas region.1   
 

                                                 
1 Map from TCEQ  website at:  
http://www.tceq.state.tx.us/assets/public/compliance/monops/graphics/clickable/region05.gif 
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