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EXECUTIVE SUMMARY 
 
 
The Texas Commission on Environmental Quality (TCEQ) is developing an 8-hour ozone State 
Implementation Plan (SIP) for the Dallas/Fort Worth (DFW) region using the Comprehensive 
Air Quality model with extensions.  The Texas Environmental Research Consortium (TERC) 
sponsored Phase 1 of Project H35 to examine the role of ozone transport in causing high 8-hour 
ozone in eastern Texas, including the DFW region.   
 
Phase 2 of Project H35 improved ozone model performance for the August 13-22, 1999 DFW 
SIP episode and investigated how updated modeling assumptions impact ozone transport 
assessments.  There were three components to the work: 
 

• CAMx sensitivity runs were completed to investigate how changes in modeling inputs 
and assumptions affect ozone model performance.  Two MM5 runs were completed to 
support the CAMx sensitivity analysis.   

• Chemical Process Analysis was used to investigate the revised 1999 base case and two 
related model scenarios. 

• APCA ozone source apportionment was used to investigate the impact of several 
modeling assumptions on ozone transport for 2010 future year scenarios.   

 
 
Improved 1999 Model Performance: Run 34 
 
Sensitivity tests showed the expansion of the modeling domain eastward, northward, and higher 
produced slightly improved model performance with less reliance on boundary conditions.  
Using the larger domain, additional sensitivity tests evaluated ozone sensitivity to changes in the 
emissions, meteorology, and chemistry to show that reducing NOx in the DFW core counties, 
adding more biogenic emissions, and implementing the NOx recycling reactions in CB4 
consistently produced higher ozone.  These runs generally improved the normalized bias and 
average paired peak accuracy, but hurt the unpaired peak accuracy.  The use of the CMAQ-based 
vertical diffusivity profiles and the CB2002 chemical mechanism lowered ozone.  All other tests 
either led to mixed results or very little change. 
 
A new 1999 base case for the DFW SIP modeling called “Run 34” was developed in Phase 2 of 
Project H35.  Changes in Run 34 from the previous Run 17b base case are: 
 

• Expanded modeling domain extending to the Atlantic Ocean and Canada. 
• Higher model top at about 14-km. 
• Meteorology from MM5 “Run 6” using the Noah/Eta PBL scheme. 
• Enhanced near surface mixing from the “Kv100” adjustment. 
• Extended inorganic chemistry (CB4xi) with “NOx recycling” reactions. 

 
Run 34 shows improved ozone model performance compared to Run 17b.  A tendency toward 
ozone under-prediction (negative bias) was improved by the updated meteorology “MM5 Run 6” 
and the chemistry updates (NOx recycling).  The “Kv100” vertical mixing adjustment, which 
sets the largest diffusivity in the lowest 100m of each column to all layers in the first 100m, 
improved ozone predictions in areas with intense surface NO emissions in the DFW core area.  
Expanding the modeling domain, both vertically and horizontally, reduced uncertainties in 
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specifying boundary conditions at some cost of increased computer resources to model a larger 
domain. 
 
 
Process Analysis of 1999 Model Results 
 
Chemical Process Analysis (CPA) was used to investigate several aspects of atmospheric 
chemistry that are important to understanding DFW model performance and control strategy 
development.  New modeling tools were developed to analyze CPA results through the entire 
boundary layer rather than just near the surface.  CPA analysis of results for the DFW area from 
“Run 34” and two related scenarios revealed many common features across modeled days and 
scenarios: 
 

• Ozone production showed hot spots over urban areas and major NOx point sources in 
rural areas consistently across days.   

• The areas of most intense oxidant production tend to be VOC-limited on all days but 
there are differences in the extent of VOC and NOx-limited areas between days 

• August 17th is the most extensively VOC-limited day during the episode: Other days 
examined were less strongly VOC-limited than August 17th. 

• When NOx emissions were reduced in the DFW core as a sensitivity test, the VOC-
limited area almost completely disappeared on days other than August 17th.   

• The regions that tend to be VOC-limited are the Dallas and Fort Worth urban cores.   
• The fraction of OH radicals reacting with isoprene (relative to all hydrocarbons) revealed 

areas outside of the DFW urban/suburban area where biogenic emissions have high 
importance. 

• An area of low fraction of OH reacting with isoprene runs from south to north (Waco to 
DFW) near IH-35.  The relatively low importance of isoprene in these areas is due to 
differences in land cover (i.e., agricultural and urban areas) leading to low biogenic 
emission levels.  This land cover difference likely contributes to the DFW urban area 
tending to be VOC-limited.   

 
The CPA analysis confirmed results of earlier emission reduction sensitivity tests in showing that 
the DFW area has regions of both VOC and NOx sensitivity.  The biogenic emission inventory 
plays a critical role in defining which parts of DFW are VOC vs. NOx sensitive.   
 
 
Updates to 2010 Ozone Transport Assessment 
 
Ozone source apportionment modeling was completed for 2010 to evaluate how several factors 
influence results already developed in Phase 1 of Project H35, specifically: 

 
• Expected reductions in 2010 EGU NOx emission levels expected to result from EPA’s 

Clean Air Interstate Rule (CAIR). 
• Modeling uncertainties related to meteorology, as represented by the difference between 

alternate MM5 runs completed in this study. 
• Modeling uncertainties related to improvements in the APCA source apportionment 

technique to better represent chemical destruction of ozone as it is transported.  
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Impacts of CAIR on 2010 Emissions 
 
The impacts of EPA’s Clean Air Interstate Rule (CAIR) on EGU emissions were modeled based 
on information provided in the CAIR Technical Support Documents.  Texas' NOx emissions 
from EGUs were to be reduced by 1%.  Louisiana's EGU NOx was reduced by 26 %.  The EGU 
controls reduced NOx emissions in both Kentucky and Florida by over 300 tons/day.  Georgia, 
Tennessee, Alabama, Mississippi, and Louisiana all reduced NOx emissions by over 100 tons per 
day. 
 
 
Impacts of CAIR on 2010 Ozone Transport 
 
Ozone modeling for 2010 showed that ozone reductions due to CAIR were greatest in the 
vicinity of large reductions.   Within the 12-km grid used for DFW modeling, Mississippi 
showed the largest decrease in episode maximum 8-hour ozone, dropping up to 15 ppb near the 
Mississippi River, and EGUs in this state were reduced 55 %.  The states that experienced the 
largest EGU NOx reductions due to CAIR generally had the largest corresponding reductions in 
ozone transport into the DFW area.  The DFW area showed little decrease to the episode average 
and episode peak (both reduced 0.3 ppb) high 8-hour ozone due to CAIR reductions because of 
the strong impact of local emissions on high ozone levels in DFW.  CAIR might provide greater 
benefit in the DFW area with greater reductions in local emissions in place. 
 
 
Impact of Alternate Meteorology on 2010 Ozone Transport 
 
We evaluated the sensitivity of DFW ozone transport assessments to using alternate 
meteorological data from the MM5 model (MM5 Run 7 with the “Grell” convection scheme).  
Local sources and source regions north and east of DFW contributed more to DFW high ozone 
when the Grell convection scheme was used in MM5.  These source regions include the 16-
county DFW region, northeast Texas, Louisiana, Arkansas, and Oklahoma.  Contributions from 
source regions south of DFW – central Texas, southern Texas, and Mexico/Gulf of Mexico – 
contributed less with Grell.  Houston was an exception in contributing more with Grell by up to 2 
ppb because the Grell scheme increased ozone levels in the Houston area by up to 30 ppb.  
Ozone transport contributions from States more distant than Oklahoma, Louisiana, Arkansas 
changed by less than 0.1 ppb due to the change in meteorological data.  When Grell was used in 
MM5, contributions were less reliant on boundary conditions by an average of 2 ppb, as 
contributions from initial conditions and anthropogenic sources were higher. 
 
 
Impact of Updated Source Apportionment Models on 2010 Ozone Transport 
 
We evaluated the sensitivity of DFW ozone transport assessments to changing the CAMx source 
apportionment methodology.  The updated Anthropogenic Precursor Culpability Assessment 
method, called APCA2, better distinguishes between chemical processes that create and destroy 
ozone.  The updated APCA2 methodology allocates less ozone to distant sources, more ozone to 
local sources, and about the same ozone to sources at intermediate distances.  Ozone 
contributions from far distant sources, such as boundary conditions (BCs) and the Northern 
Plains, decrease with APCA2 because they are subject to chemical destruction during multi-day 
transport.   The contribution of BCs to high 8-hour ozone in DFW decreased by 5.5 ppb (16 %) 
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whereas the contribution of local DFW sources increased by 3.5 ppb (8%) using APCA2.   The 
contributions of sources at an upwind distance of about two States were about equal between 
APCA and APCA2.  These changes are sufficiently small that they aren’t expected to alter 
existing conclusions from Phase 1 of Project H35.  We recommend that the APCA2 method be 
used for future ozone transport assessment modeling. 
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1.  INTRODUCTION 
 
 
The Texas Commission on Environmental Quality (TCEQ) is developing an 8-hour ozone State 
Implementation Plan (SIP) for the Dallas/Fort Worth (DFW) region using the Comprehensive 
Air Quality model with extensions (CAMx; ENVIRON, 2004a).  The TCEQ performed an 
episode selection analysis and identified the period of August 13-22, 1999 as a suitable episode 
for representing conditions conducive to high 8-hour (and 1-hour) ozone levels (UT/ENVIRON, 
2002).  Developing base year (1999) ozone model inputs for the August 13-22 episode was 
described by Mansell et al. (2003) and Emery et al. (2004).  Future year modeling for this 
episode period in 2010 was described by ENVIRON (2004b) and Mansell et al. (2004).   
 
The Texas Environmental Research Consortium (TERC) sponsored Phase 1 of Project H35 to 
examine the role of ozone transport in causing high 8-hour ozone in eastern Texas, including the 
DFW region.  TERC Project H35 complemented an earlier transport assessment for the DFW 
area completed for TERC Project H27 (Stoeckenius and Yarwood, 2004).  TERC Project H36 
(ENVIRON, 2005) was a companion to H35 Phase 1 and evaluated potential emission controls 
for major point sources in upwind states that were identified as potentially significant sources of 
ozone transport in Phase 1of Project H35. 
 
The goals of Project H35 Phase 2 were to improve ozone model performance for the August 13-
22, 1999 DFW episode and then investigate how updated modeling assumptions impact ozone 
transport assessments.  There were three components to this work: 
 

1. Performing CAMx sensitivity runs to investigate how changes in modeling inputs and 
assumptions impact ozone model performance.  Two MM5 runs ten CAMx runs were 
completed for this purpose.  These sensitivity tests resulted in a revised 1999 base case 
with improved model.  Factors considered in sensitivity tests were: 

 
• Extension of the vertical modeling domain. 
• Extension of the horizontal modeling domain. 
• Adoption of vertical diffusivity fields based on the approach of CMAQ. 
• Implementation of the Eta/Noah PBL/LSM scheme in MM5. 
• Implementation of the Grell convection scheme in MM5. 
• A 30% NOx decrease in on-road and off-road mobile NOx emissions in the 4 DFW 

core counties. 
• A 100% VOC increase from all non-EGU point sources. 
• A 30% increase in domain-wide biogenics. 
• Adoption of NOx recycling reactions for the CB4 chemical mechanism (CB4xi). 
• Adoption of the CB2002 chemical mechanism. 
 

2. Using Chemical Process Analysis (CPA) to investigate specific aspects of CAMx model 
performance for the revised 1999 base case and two related scenarios.  CPA was used for: 

 
• Determining geographic areas of high ozone productivity. 
• Classifying geographic areas as being “VOC-limited” or “NOx-limited” with respect 

to ozone formation chemistry. 
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• Investigating the efficiency of ozone formation chemistry as measured by the “OH 
chain length.” 

• Determining the contribution of biogenic (isoprene) emissions to VOC reactivity and 
ozone production. 

 
Improvements were made to the CAMx Process Analysis algorithms in the course of this 
work. 

 
3. Performing ozone source apportionment modeling to evaluate how model improvements 

developed for the 1999 base case impact transport assessments completed with 2010 
emissions.  The sensitivity of 2010 ozone concentrations and transport assessments to 
several factors were investigated: 

 
• Expected reductions in 2010 EGU NOx emission levels expected to result from 

EPA's Clean Air Interstate Rule (CAIR). 
• Modeling uncertainties related to meteorology, as represented by the difference 

between two MM5 runs.  
• Modeling uncertainties related to improvements in the APCA ozone source 

apportionment technique. 
 
 
The CAMx 4-km grid covering the DFW area is shown in Figure 1-1.  CAMx model 
performance in the 4-km grid was evaluated against data from continuous air monitoring stations 
(CAMS) operated in the DFW area in 1999 that are listed in Table 1-1. 
 
Table 1-1.  TCEQ ozone monitors operating in the DFW 4-km grid during August 1999. 
Site ID Easting Northing Description Street City County 
CAMS_31 295.47 -740.74 airs480850005  Hillcrest Rd.  Frisco  Collin 
CAMS_63 294.36 -764.24 airs481130075  Nuestra Dr.  Dallas North  Dallas 
CAMS_56 257.81 -735.32 airs481210034  Denton Airport  Denton  Denton 
CAMS_94 276.41 -818.04 airs481390015  Midlothian Tower  Midlothian  Ellis 
CAMS_86 426.77 -819.60 airs484230007  County Road  Tyler  Smith 
CAMS_57 268.91 -788.56 airs484390057  E Arkansas Ln.  Arlington  Tarrant 

CAMS_13 244.22 -778.53 airs484391002  Ross Ave. 
 Forth Worth 
NW  Tarrant 

CAMS_17 250.69 -765.49 airs484392003  Alta Vista Rd.  Keller  Tarrant 
CAMS401 290.03 -775.32 airs481130069  Hinton Dr.  Dallas  Dallas 
CAMS402 289.59 -791.02 airs481130087  W Redbird Ln.  Dallas  Dallas 
CAMS___ 288.82 -747.66 airs481210054  Colony  Denton  Denton 
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Figure 1-1.  Dallas/Fort Worth 4-km grid for the August 1999 episode. 
 
  
REPORT ORGANIZATION 
 
Section 2 documents the MM5 meteorological model performance of the two alternative MM5 
simulations relative to the original MM5 run.   
 
Section 3 first compares the base case prior to this study, Run 17b (Emery et al., 2004) to a new 
run called Run 20 that included updated mobile source emissions provided by the TCEQ.   
 
Section 4 compares the impacts of using larger horizontal and vertical model domains starting 
from Run 20.  
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Section 5 evaluates ozone sensitivity to different meteorological inputs developed from several 
alternate MM5 runs.   
 
Section 6 shows the model performance impacts of several across-the-board changes in the 
emissions that should be considered sensitivity tests.    
 
Section 7 examines the sensitivity of model performance to changes in the chemical mechanism 
used in CAMx.   
 
Section 8 describes the development of a new base case, called Run 34, that combines changes 
developed in Sections 2-7 that were considered justifiable model improvements.  Section 8 also 
presents Process Analysis of Run 34 and two related CAMx runs using CPA.   
 
Section 9 examines the impact of model updates developed for Run 34 on 2010 ozone levels and 
transport contributions determined using APCA ozone source apportionment.  Section 9 also 
investigates the sensitivity of APCA transport assessments to several factors.  
 
A summary and conclusions are presented in Section 10. 
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2.  ANALYSIS OF TWO ALTERNATIVE MM5 SIMULATIONS 
 
 
A key component of the H-35 Phase 2 sensitivity tests is to develop two alternative MM5 
simulations and investigate their impacts on CAMx performance: 
 

1) Replace the Pleim-Xiu LSM/PBL schemes with the Eta + Noah schemes; 
2) Replace the Kain-Fritsch sub-grid cumulus convection scheme with the Grell scheme. 

 
This section documents the meteorological model performance of these two alternative MM5 
simulations relative to the original run. 
 
Several years ago, ENVIRON selected the Pleim-Xiu (P-X) LSM/PBL scheme for Texas MM5 
modeling efforts in East Texas, south-central Texas, and DFW due to its improved performance 
for winds, temperature, and PBL depth over the original configuration (i.e., the simple 5-layer 
soil model with Gayno-Seaman and MRF PBL schemes).  Recent MM5 modeling for DFW has 
indicated that PBL depths remain much too high using P-X, as indicated by several measures.  
The Eta PBL scheme is a widely used alternative approach that is known to generally lead to 
lower mixing depths.  It was also necessary to choose an alternative soil model as well since Eta 
does not couple to the P-X LSM; we selected the Noah LSM, which is the only other approach 
available that has technical capabilities on par with the P-X methodology.  HARC also suggested 
a separate MM5 simulation using an alternative cumulus parameterization scheme.  The second 
MM5 test simply replaces the original Kain-Fritsch approach with the Grell scheme (all other 
model options remain consistent with the original P-X configuration).   
 
 
HOURLY PERFORMANCE 
 
Statistical model performance was determined for the two alternative MM5 runs similarly to that 
reported by ENVIRON for the original MM5 configuration (Emery et al., 2004).  For the 
purposes of this report, we maintain the label of the original run (“Run 5”), and assign the labels 
“Run 6” to the Eta/Noah simulation, and “Run 7” to the Grell simulation.  Hourly statistical 
results for winds, temperature, and humidity from all valid MM5-observation pairings within the 
4-km DFW domain are shown in Figure 2-1. 
 
As expected, results from Run 5 and Run 7 are comparable for wind, temperature and moisture.  
This was expected because invoking a different sub-grid cumulus parameterization should not 
have significant impacts during periods where convection is absent (such as the bulk of days 
during the August 13-22, 1999 period), and because convective schemes are not invoked for 
high-resolution grids such as the 4-km DFW domain.  Both runs show slight over estimation of 
wind speed during most of episode days, a relatively high warm bias for the daytime 
temperature, and a low humidity bias on the 12-km and 4-km domains.  
 
In Run 6, however, the over prediction of wind speed is reduced, and a low wind speed bias 
becomes relatively dominant. The moisture under estimation in Run 5 and 7 is improved in Run 
6 – this is most obvious on the 12-km domain (not shown).  But the warm daytime temperature 
bias is made worse in Run 6.  Reasons for this will become more clear as we discuss the impacts 
that Run 6 has on PBL heights below.  With a reduced daytime mixing depth resulting from the 
use of the Eta/Noah schemes, water vapor and heat are concentrated within the boundary layer, 
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which increases surface humidity (better performance) and temperature (worse performance).  
The impact on wind performance is harder to explain, except to say that the approach used in Eta 
is based upon a turbulent kinetic energy model, which can lead to a significant difference in the 
momentum profile compared to a bulk approach such as P-X. 
 
 
DAILY AVERAGE PERFORMANCE 
 
Daily statistical results for winds, temperature, and humidity from all valid MM5-observation 
pairings within the 4-km DFW domain are shown in Figure 2-2.  Performance for winds is rather 
good for all three runs.  The statistics for wind speed and direction are all within the benchmarks 
for acceptable performance on both 12- and 4-km domains, with the possible exception of wind 
direction gross error for Run 7 on the 4-km domain.  Notice how Run 6 significantly differs from 
the other runs with a net negative bias and generally improved gross error and IOA.  However, 
Run 6 is not necessarily the best in terms of wind direction.  
 
Temperature bias and gross error from Run 5 and 7 on the 4-km domain are within the 
benchmark.  Temperature bias and gross error from Run 6 on the 4-km domain are relatively 
high due to the warmer daytime bias.  The low humidity bias persists, but the humidity bias and 
gross error of Run 6 on the 4-km domain are much lower than the other two runs.  Run 6 clearly 
gives the best performance for the moisture simulation. 
 
 
MODELED MIXING DEPTHS 
 
Figure 2-3 presents the diagnosed mixing depths from MM5 Runs 5, 6, and 7 at 1500 LST on 
August 17, 1999.  These were not taken directly from MM5 output of PBL heights, but rather 
diagnosed from the CAMx-ready vertical diffusivity (Kv) files, which were in turn calculated 
from the MM5 output PBL depths (and TKE in the case of Run 6).  Therefore, the heights 
indicated in the figure show the “effective” mixing depth in CAMx as represented by the air 
quality model’s vertical grid structure.  The difference in the features between the three fields in 
Figure 2-3 are common to all days in the episode.  Throughout this report, we will show 
modeling results for August 17 in particular because it is the day when observed ozone levels 
were the highest over the episode yet CAMx exhibits some of the largest under prediction 
problems. 
 
Notice that Runs 5 and 7 are nearly identical, which makes sense given that the same PBL option 
is used in both (P-X).  Notice that the PBL “holes” seen in Run 7 are associated with the location 
of lakes, and these appear in the same location day after day.  It is unclear why the Run 5 fields 
do not show the influence of these lakes in the same way.  These holes are caused by the 
relatively cool water temperatures that lead to a stabilization of the PBL in those columns.  The 
effects of the lakes are also indicated to some extent in the Run 6 PBL fields. 
 
Notice that Run 6 is significantly different from Runs 5 and 7 in several aspects.  First and 
foremost, the Eta PBL scheme, possibly in combination with differences arising from the use of 
Noah LSM, results in much lower mixing depths.  Over the several days investigated, Eta 
consistently leads to maximum PBL depths of 1000-1800 m, compared to the relatively 
consistent maxima of 2000-2600 m diagnosed by P-X.  Second, the Eta/Noah combination 
results in much more spatial variation in the mixing depth than P-X, and this variation changes 
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hour-to-hour and day-to-day.  A potentially significant impact on CAMx performance would be 
expected from the Eta-derived Kv fields. 
 
 
COMPARISON OF MODELED AND OBSERVED VERTICAL PROFILES 
 
Vertical profile measurement data are available from four sites located within or near the DFW 
area:  
 

1. The DFW rawinsonde (WBAN #72249), which records wind, temperature, and humidity 
throughout the troposphere by balloon ascent twice daily at 0600 and 1800 LST each day; 

2. The DFW AVAS, which was operated during an MIT airport field study in 1999, and 
consists of a blend of data from several sensors, providing hourly winds up to a few km; 

3. The TCEQ Hinton SODAR, which provides some limited hourly winds up to ~1-km; 
4. The NOAA Palestine Profiler, which provides hourly winds up to a few km. 

 
Data from these sites were plotted together with modeled profiles of wind, temperature, and 
humidity (where applicable) to gauge model performance within the lowest few km.  Examples 
are shown in Figure 2-4 for the afternoon of August 17 (additional plots are provided on an 
accompanying CD).  The findings on this day are generally applicable to other days of the 
episode. 
 
At the rawinsonde site (shown at 1800 LST), the wind speed/direction profiles were replicated 
fairly well in all three MM5 runs.  Temperatures tended to be over predicted in the P-X runs (5 
and 7), but very well modeled in the Eta run (Run 6).  Recall that the daily maximum 
temperatures near the surface tended to be highly over predicted in the Eta run, but at this 
particular hour the entire temperature profile is simulated rather well.  Run 6 also results in a 
better replication of the humidity profile.  Note the break in the Run 6 profile at about 1.5-km, 
which agrees with a change in temperature lapse rate at the same altitude.  This is the modeled 
PBL top, and it agrees much better with the measured profiles than either Run 5 or 7, which both 
suggest a much deeper mixing depth.  However, model performance for the humidity profile is 
generally poor for all three runs. 
 
The wind speed and directions profiles at the NOAA Palestine profiler site were also simulated 
rather well, with Run 6 indicating slightly better performance.  However, the profiler does not 
resolve winds below 500-1000 m, so near-surface performance is impossible to gauge.  Since the 
observed wind profiles at AVAS and Hinton are limited by very sparse data in the low elevation 
(most below 1-km), especially at Hinton, model performance is difficult to interpret at those 
sites.  The simulated wind profiles from the three MM5 runs all have relatively large errors 
compared to the AVAS and Hinton observed profiles.  We are particularly skeptical of the data 
quality from the Hinton site.  While these profile data were provided to MM5 for observation 
nudging via the FDDA input file, we believe that the model is not sufficiently influenced by 
them because of the sparseness of their data.  
 
Overall, Run 6 results in relatively better wind speed, temperature, and humidity profiles with 
lower bias for most of the time periods plotted.  The simulated wind speed profiles of Run 5 are 
also acceptable and comparable to those of Run 6 in most of cases.  Run 7 often results in 
slightly stronger low-level wind speeds; the cause of this is not clear, but it may be associated 
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with stronger convective outflows cause by the Grell scheme from simulated systems upstream 
of DFW. 
 
 
INTERCOMPARISON OF PRECIPITATION PATTERNS 
 
Run 7 indicated a surprising degree of difference in the wind profiles relative to Run 5.  Given 
that the only change in these two MM5 runs was the substitution of the sub-grid cumulus 
convection from Kain-Fritsch to Grell, it is difficult to diagnose the cause of this, especially 
since there was no significant convective activity anywhere near the 4-km DFW domain during 
the core days of the modeling episode.  To investigate the changes in rainfall patterns brought 
about by use of the Grell scheme, the total accumulated surface precipitation (resolved + sub-
grid convective) predicted by Runs 5, 6, and 7 were plotted.  Figure 2-5 shows the results of 
summing hourly precipitation from the three runs over the August 15-22, 1999 period. 
 
As expected, similar patterns are seen with Run 5 and 6, which use the same Kain-Fristch 
scheme.  Minor differences in the patterns are attributed to the different boundary layer and soil 
models used.  Run 7, however, shows a dirth of precipitation over land; note the lack of 
precipitation in the sea-breeze convergence zone along most of the coastline.  This result was not 
expected, given our (and other’s) past experience that the Grell scheme generally produces much 
more widespread, and often more intense, rainfall in the southern U.S.  While it is not outside the 
realm of possibility that this reduction in coastal precipitation can have an influence on low-level 
wind profiles as far away as DFW, it is not clear why the wind profiles would be so different on 
certain days such as August 17.
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Figure 2-1(a).  Hourly site-averaged MM5 wind performance for Runs 5, 6, and 7 in the DFW 4-
km modeling domain. 
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Figure 2-1(b).  Hourly site-averaged MM5 temperature performance for Runs 5, 6, and 7 in the 
DFW 4-km modeling domain. 
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Figure 2-1(c).  Hourly site-averaged MM5 humidity performance for Runs 5, 6, and 7 in the 
DFW 4-km modeling domain. 
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Figure 2-2(a).  Daily site-averaged MM5 wind performance for Runs 5, 6, and 7 in the DFW 4-
km modeling domain. 
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Figure 2-2(b).  Daily site-averaged MM5 temperature performance for Runs 5, 6, and 7 in the 
DFW 4-km modeling domain. 
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Figure 2-2(c).  Daily site-averaged MM5 humidity performance for Runs 5, 6, and 7 in the DFW 
4-km modeling domain. 
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Figure 2-3.  MM5-derived effective PBL depth for Runs 5, 6, and 7 in the DFW 4-km modeling 
domain, August 17, 1999 at 1500 LST. 
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Figure 2-4(a).  Comparison of wind, temperature, and humidity profiles from MM5 Runs 5, 6, 
and 7 at the DFW rawinsonde site, August 17, 1999 at 1800 LST. 
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Figure 2-4(b).  Comparison of wind profiles from MM5 Runs 5, 6, and 7 at the NOAA Palestine 
profiler site, August 17, 1999 at 1800 LST. 
 
 

 
Figure 2-4(c).  Comparison of wind profiles from MM5 Runs 5, 6, and 7 at the DFW AVAS 
profiler site, August 17, 1999 at 1800 LST. 
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Figure 2-5.  Total predicted accumulated rainfall between 12Z August 15 to 12Z August 22 in 
the MM5 12-km domain for Runs 5, 6, and 7.  
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3.  BASE CASE UPDATE “RUN20” 
 
 
Prior to this project, the latest CAMx base case developed by ENVIRON for Dallas/Fort Worth 
was referred to as “Run 17b” (Emery et al., 2004).  This run used meteorology extracted from 
MM5 “Run 5” and emissions from TCEQ, both of which were generated in July 2004.  The 
vertical domain extended to approximately 4-km.  The 36-km domain spanned 1620-km in the 
west-east direction and 1656-km in the north-south direction, covering Texas to the Florida 
panhandle in the south, and southern Nebraska to southern Ohio in the north.   
 
Boundary conditions were classified into three categories: clean, moderate, and dirty.  Table 3-1 
lists boundary concentrations associated with each group.  Boundaries over the Gulf of Mexico 
were assigned clean conditions.  The western boundary, the southern boundary over Mexico, and 
the northern boundary over Nebraska were set to the moderate group up to 1700 m and clean 
farther aloft.  The remaining sections of the north and east boundaries were set to dirty 
conditions below 1700 m, and clean above this level.  Initial conditions were clean everywhere.   
 
Table 3-1.  Concentrations (ppb) used to define CAMx initial and boundary conditions. 
Species Dirty Moderate Clean 
O3 40 40 40
CO 200 200 100
NO 0.1 0.1 0.1
NO2 1 1 1
HNO3 3 3 1
HNO2 0.001 0.001 0.001
ALD2 0.555 0.555 0.05
ETH 0.51 0.51 0.15
HCHO 2.1 2.1 0.05
OLE 0.3 0.3 0.05
PAR 14.9 14.9 7.6
TOL 0.18 0.18 0.0786
XYL 0.0975 0.0975 0.0688
ISOP 3.6 0.1 0.001
PAN 0.1 0.1 0.1
H2O2 3 3 1
MEOH 8.5 0.001 0.001
ETOH 1.1 0.001 0.001
 
 
CAMx Run 20 duplicated Run 17b with a few changes.  TCEQ provided a new set of mobile 
emissions in August 2004, replacing the older mobile emissions used in Run 17b.  Initial 
conditions were set to the moderate group (see Table 3-1) below 1700 m, instead of clean.  A 
minor format correction was made to the boundary condition file that had no impact on model 
results. 
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MODEL PERFORMANCE EVALUATION 
 
All runs were evaluated by examining time series plots, daily statistics, scatter plots and spatial 
plots of the daily peak ozone.  Figure 3-1 displays the time series of 1-hour predicted and 
observed ozone at each monitoring station in the DFW 4-km modeling domain.  Except for the 
two spin-up days, Run 17b and Run 20 were nearly identical, suggesting that all the changes in 
Run 20 were due to the changes in the initial conditions. 
 
Figures 3-2 and 3-3 show CAMx model performance statistics for 1-hour and 8-hour ozone, 
respectively, for each date.  The red horizontal lines represent the 1-hour performance goals set 
by the EPA.  Peak accuracy, normalized bias, and normalized error from Runs 17b and Run 20 
were the same on all but the spin-up dates. 
 
Figure 3-4 compares each date’s highest observed 1-hour ozone to the highest predicted 1-hour 
ozone in the 9 cell by 9 cell grid surrounding the corresponding observation site for all sites in 
the 4-km DFW domain.  Each blue cross represents a predicted and observed pairing for each 
site and date from August 15 to 22.  The pink circles represent quantile plots at every 5th 
percentile.  The short red dashes represent the ±20% goal set by the EPA.  The coefficient of 
determination (R2) is nearly unchanged between Run 17b and Run 20.  Blocks of 9 by 9 cells 
were used in accordance with EPA draft modeling guidance which recommends using a block of 
cells that is the same size as a single 36-km grid cell. 
 
Figure 3-5 shows scatter plot and quantile plots of the predicted and observed daily maximum 8-
hour ozone from all sites in Runs 17b and 20.  Like Figure 2-4, the predicted values represent the 
highest ozone in the 9 cell by 9 cell block surrounding each observation site.  The R2 was the 
same in Run 20 as in Run 17b. 
 
Table 3-2 summarizes the R2 from each scatter plot of 1-hour and 8-hour ozone using the three 
methods defined by the EPA for computing the predicted peak.  The first extracts the highest 
daily maximum ozone in the 9 by 9 block of cells surrounding the observation site, as previously 
discussed.  The second method selects from the 9 by 9 grid cells to find the closest value to the 
observed ozone.  The third uses bilinear interpolation to calculate the predicted daily maximum 
at the site location.  Scatter plots of the latter two metrics are not shown.  All R2 values are 
identical between Run 17b and Run 20. 
 
Table 3-2.  Comparison of the 1-hour and 8-hour coefficient of determination from each scatter 
plot of the predicted and observed daily maximum ozone in Runs 17b and 20. 
 1-hour R2 8-hour R2 
 max 9x9 closest interpolated max 9x9 closest Interpolated 
Run 17b 0.40 0.84 0.35 0.38 0.74 0.26 
Run 20 0.40 0.84 0.35 0.38 0.74 0.26 
 
 
Figure 3-6 shows spatial plots of the daily maximum 1-hour ozone in the 4-km domain from both 
Run 17b and Run 20 on August 17, 1999 – the date with the highest observed ozone.  Figure 3-7 
shows the daily maximum 8-hour ozone.  No significant differences were detected. 
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Figure 3-1.  Time series of 1-hour ozone at sites inside the DFW 4-km domain from CAMx 
Runs 17b and 20. 
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Figure 3-1.  (Cont.)  Time series of 1-hour ozone at sites inside the DFW 4-km domain from 
CAMx Runs 17b and 20. 
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Figure 3-1.  (Concl.)  Time series of 1-hour ozone at sites inside the DFW 4-km domain from 
CAMx Runs 17b and 20. 
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Figure 3-2.  Daily statistics of the 1999 DFW 1-hour ozone in the 4-km domain from CAMx 
Runs 17b and 20. 
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Figure 3-3.  Daily statistics of the 1999 DFW 8-hour ozone in the 4-km domain from CAMx 
Runs 17b and 20. 
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Run 17b  Run 20  
 

Figure 3-4.  Scatter and quantile-quantile plots of the largest predicted daily maximum 1-hour 
ozone near each monitor (within 9x9 cell area) and the observed daily maximum 1-hour ozone 
for Runs 17b and 20 in the 1999 DFW Episode. 
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Figure 3-5.  Scatter and quantile-quantile plots of the largest predicted daily maximum 8-hour 
ozone near each monitor (within 9x9 cell area) and the observed daily maximum 8-hour ozone 
for Runs 17b and 20 in the 1999 DFW Episode. 
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Figure 3-6.  Spatial plots of the daily maximum 1-hour ozone in the DFW 4-km domain on 
August 17, 1999 from Runs 17b and 20. 
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Figure 3-7.  Spatial plots of the daily maximum 8-hour ozone in the DFW 4-km domain on 
August 17, 1999 from Runs 17b and 20. 
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EXPANDED DOMAIN MODELING 
 
Four runs were exercised, all using different combinations of horizontal and vertical domains as 
listed in Table 4-2.  All runs will be compared to Run 20.   
 
Table 4-2.  Domain definitions of Runs 20 to 23. 

 Horizontal domain Vertical top nx* x ny* x nz 
Run 20 (base) Standard 4-km 45 x 46 x 15 

Run 21 Standard 14-km 45 x 45 x 20 
Run 22 Expanded 4-km 69 x 67 x 15 
Run 23 Expanded 14-km 69 x 67 x 20 

* 36-km coarse grid 
 
 
All runs used meteorology from MM5 Run 5.  The expanded CAMx 36-km domain went beyond 
the eastern edge of the MM5 36-km domain, as shown in Figure 4-2.  Meteorology from the 
MM5 108-km domain was interpolated to 36-km resolution to fill in everything east of the 2160-
km LCP easting.   
 
Vertical diffusivity fields were generated from MM5 Run 5 using the O’Brien-based vertical 
diffusivity profile methodology.  Additionally, a “patch” was applied to the diffusivity field 
using an approach recently tested by the TCEQ.  In each vertical column, the maximum 
diffusivity encountered in the lowest 100 m was applied to all layers below 100 m.  This was 
tested by TCEQ in their own modeling with this episode and meteorological dataset to reduce 
over predictions in surface precursor NOx and VOC concentrations.  This patch is called 
“Kv100”. 
   
Emissions for the expanded domain incorporated all of the emissions from TCEQ in the standard 
36-km domain, as used in Run 20.  Outside the standard 36-km domain, emissions were obtained 
from modeling work conducted for the Oklahoma Department of Environmental Quality 
(ODEQ).  Initial conditions were identical in all runs.  Below 1700 m, the model was initialized 
with moderate concentrations, as described in Table 3-1; aloft, conditions were assumed to be 
clean. 
 
Figure 4-3 shows the categories assigned to all lateral boundaries in the standard and expanded 
domains.  See Table 3-1 for concentrations associated with each category.  In the expanded 
domain, the eastern boundary was assigned clean conditions since it was entirely over the ocean.  
The northern boundary was set to moderate because most of the major urban centers were inside 
the expanded domain.  Both domains were clean above 1700 m.   
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Figure 4-2.  MM5 and CAMx modeling domains for DFW with the expanded domain.   
 
 
 
 
 
 
 
 
 
 
 

EDAS Boundary
                     Dot points         SW and NE corners
MM5 108km  53 x 43             (-2808,-2268) to (2808,2268) 
MM5 36km    88 x 76             (  -972,-1728) to (2160,  972)
MM5 12km    100 x 100         (    -72,-1548) to (1116, -360)
MM5 04km    85 x 76             (   120,  -960) to (  456, -660)
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Standard domain Expanded domain 

 
Figure 4-3.  Assignment of boundary conditions in the mixed layer for the standard and 
expanded domains for DFW. 
 
 
Figures 4-4 to 4-11 show a package of model performance plots for Runs 20 to 23 similar to the 
plots shown in Figures 3-1 to 3-7.  The time series plots in Figure 4-4 reveal subtle differences 
among the four runs.  Throughout this report, we will show modeling results for August 17 in 
particular because it is the day when observed ozone levels were the highest over the episode yet 
CAMx exhibits some of the largest under prediction problems. 
 
 
RUN 21: HIGH TOP 
 
Run 21, which had a higher model top compared to Run 20, generated slightly worse 1-hour and 
8-hour daily performance statistics on numerous dates compared to Run 20, as can be seen in 
Figures 4-5 and 4-6, respectively.  Table 4-3 summarizes the R2 from the scatter plots for each of 
the three EPA computation methods in each of the four runs for 1-hour and 8-hour ozone.  Run 
21 has the same R2 as Run 20 in all cases except the scatter plot of the closest 1-hour peak to the 
observed ozone in the 9 by 9 cell block, where R2 was slightly worse.  Spatial plots of the daily 
maximum ozone on August 17 show similar features between Runs 20 and 21 in the 12-km 
domain (Figure 4-9), and a peak 1 ppb higher over the DFW region in Run 21 for both 1-hour 
and 8-hour ozone (Figures 4-10 and 4-11, respectively).   
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Table 4-3.  Comparison of the 1-hour and 8-hour coefficient of determination from each scatter 
plot of the predicted and observed daily maximum ozone in Runs 20, 21, 22, and 23. 
 1-hour R2 8-hour R2 
 max 9x9 closest interpolated max 9x9 closest interpolated
Run 20: Base 0.40 0.84 0.35 0.38 0.74 0.26 
Run 21: Extended Top 0.40 0.83 0.35 0.38 0.74 0.26 
Run 22: Expanded 
Domain 0.41 0.85 0.37 0.39 0.76 0.27 
Run 23: Both 0.42 0.86 0.38 0.41 0.78 0.28 
 
 
RUN 22: EXPANDED GRID 
 
Statistics for Run 22, which used the larger horizontal domain compared to Run 20, were slightly 
better than Run 20 on the last three dates of the simulation.  On the other dates, they were mixed.  
The coefficient of determination in the daily maximum scatter plots for Run 22 was slightly 
higher than Run 20 using all three methods for computing the maximum 1-hour and 8-hour 
ozone.  Spatial plots in Figure 4-9 show a 5 ppb drop in 1-hour ozone in East Texas from Run 22 
to Run 20.  The 1-hour peak in the 4-km DFW domain was 1 ppb higher. 
 
 
RUN 23: HIGH TOP AND EXPANDED GRID 
 
Run 23, which used the expanded horizontal domain and 15-km modeling top, generated slightly 
better performance in the DFW 4-km domain than the other three runs, as can be seen in Figures 
4-5 and 4-6 for 1-hour and 8-hour statistics, respectively.  Table 4-3 shows that Run 23 always 
had the highest coefficient of determination among the four runs.  The 12-km spatial plots of the 
daily maximum ozone on August 17 show a decrease in the 1-hour ozone peak in East Texas 
similar to Run 22.  In the 4-km domain, Run 23 generated more 1-hour and 8-hour ozone over 
DFW than the other three runs.   
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Figure 4-4.  Time series of 1-hour ozone at sites inside the DFW 4-km domain from CAMx runs 
using different domain configurations (see Table 4-2). 
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Figure 4-4.  (Cont.)  Time series of 1-hour ozone at sites inside the DFW 4-km domain from 
CAMx runs using different domain configurations (see Table 4-2). 
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Figure 4-4.  (Concl.)  Time series of 1-hour ozone at sites inside the DFW 4-km domain from 
CAMx runs using different domain configurations (see Table 4-2). 
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Figure 4-5.  Daily statistics of the 1999 DFW 1-hour ozone in the 4-km domain from CAMx runs 
using different domain configurations (see Table 4-2). 
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Figure 4-6.  Daily statistics of the 1999 DFW 8-hour ozone in the 4-km domain from CAMx runs 
using different domain configurations (see Table 4-2).   
 
 
 

Unpaired Peak Accuracy

-30

-10

10

30

8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22

(%
)

run20 
run21
run22
run23
+20%
-20%

Average Paired Peak Accuracy

-30

-20

-10

0

10

8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22

(%
)

run20 
run21
run22
run23

Bias in Peak Timing

-3
-2
-1
0
1
2
3

8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22

(H
ou

rs
) run20 

run21
run22
run23

Normalized Bias

-30
-20
-10

0
10
20
30

8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22

(%
) run20 

run21
run22
run23
+15%
-15%

Normalized Error

0

10

20

30

40

8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22

(%
) run20 

run21
run22
run23
35%



August 2005 
 
 
 
 

Y:\HARC H35_DFW\phase_2\Report\Final\Sec_4_Domain.doc  4-12 

  
Run 20: Base Run 21: Extended Top 

  
Run 22: Expanded Domain Run 23: Extended Top and Domain 

 
Figure 4-7.  Scatter plots of the daily maximum observed and largest predicted 1-hour ozone 
near each monitor (within 9x9 cell area) from four CAMx runs using different domain 
configurations of the August 1999 DFW episode. 
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Run 20: Base Run 21: Extended Top 

  
Run 22: Expanded Domain Run 23: Extended Top and Domain 

 
Figure 4-8.  Scatter plots of the daily maximum observed and largest predicted 8-hour ozone 
near each monitor (within 9x9 cell area) from four CAMx runs using different domain 
configurations of the August 1999 DFW episode.
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Run 20: Base Run 21: Extended Top 

  
Run 22: Expanded Domain Run 23: Extended Top and Domain 

 
Figure 4-9.  Spatial plots of the daily maximum 1-hour ozone in the 12-km domain on August 
17, 1999 from four CAMx runs with different domain configurations.   
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Run 20: Base Run 21: Extended Top 
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Run 22: Expanded Domain Run 23: Extended Top and Domain 
 
Figure 4-10.  Spatial plots of the daily maximum 1-hour ozone in the DFW 4-km domain on 
August 17, 1999 from four CAMx runs with different domain configurations.     
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Run 20: Base Run 21: Extended Top 

  
Run 22: Expanded Domain Run 23: Extended Top and Domain 
 
Figure 4-11.  Spatial plots of the daily maximum 8-hour ozone in the DFW 4-km domain on 
August 17, 1999 from four CAMx runs with different domain configurations.   
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