TECHNICAL PAPER

188N 1047-3289 J. Air & Waste Manage. Assoc, 51:669-6580
Cogyright 2001 Air & Wasle Management Association

Application of a Wind Model for the El Paso-Juarez Airshed

Roderick Pearson and Rosa Fitzgerald
Physics Department, Universily of Texas, El Paso

ABSTRACT

A time-dependent, 3-dimensional mesoscale model, ver-
sion 5 (MMS}), developed by the Penn State University
and the National Center for Atmospheric Reseasch, was
applied to study the meteorology over complex terrain of
the Bl Paso-Juarez area. MMS meteorological output data
were compared against experimental data from the Texas
Natural Resource Conservation Commission on days of
reported high ozone concentrations. Model runs were
conducted for a 36-, 12-, 4-km grid arrangernent. Results
indicate that the dispersion of pollutants by wind plays a
significant role on days of low peak ozone concentration.

INTRODUCTION

The El Paso, TX, metropolitan area is concentrated along
the northeastern bank of the Rio Grande river in the Paso
dei Norte region (Figure 1). The city extends northward
cast of the Franklin Mountains toward the Tularosa Bolson
as weli as west-narthwest toward New Mexico along the
west side of the Franklin Mountains. Ciudad Juarez,
Mexico, is located immediately across the river from El
Paso, forming a contiguous metropolitan area of approxi-
mately 2 million people separated by the peolitical bound-
ary between the United States and Mexico. The elevation
of the metropoiitan areas is ~1200 m. The mountains in the
region are oriented north-south. The Franklin Mountains

IMPLICATIONS

Many parts of the world with an air guality problem, such
as the El Paso-Juarez airshed (EPJA), do not have a com-
prehensive database to establish scurce-receptor relation-
ships. A comprehensive model like MM5 can be used ef-
fectively to obtain such a database to study regional me-
teorological conditions leading to high ozone concentra-
tions. The details of the information obtained from the model
depend on the model physics, grid rasolution, and details
of the model inputs. Mode! accuracy can be greatly im-
proved with improved model inputs. In the Ef Pasc—Juarez
case, the model provided information for the data void ar-
eas. In addition, since the MMS model has never been used
in this area, this research will provide a framework for fu-
ture meteorological studies, which will enable an enhanced
analysis of the fate and transport of pollutanis.
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start ~20 km north of El Paso and extend northward ~40
km with an elevation of 2200 m. The nearly cone-shaped
Juarez Mountain is located ~30 km south of Juarez with
an elevation of 1600 m. Three major mountain ranges
are located about 100-200 km from the El Paso-Juarez
airshed (EPJA): the Sacramento Mountains to the east, the
Rocky Mountains to the north, and the Santa Maria Moun-
tains to the south. The elevations of these mountains are
20004000 m,

The El Paso area has been labeled by the U.S. Envi-
ronmental Protection Agency (EPA) as being in
nonattainment of the National Ambient Air Quality Stan-
dard for ozone. Nonattainment means that measured
ozone levels in the region have been higher than 1235 parts
per billion {ppb) for 3 days within a 3-year period. A ma-
jor need in the EPJA is an investigation of the causes of
elevated ozone concentrations. Results of such an inves-
tigation will be used to develop and evaluate effective
emission control strategies. As part of this effort, the EPA,
the Texas Natural Resource Conservation Committee
(TNRCC), and other government and private agencies, in
coordination with the Mexican Instituto Nacional de
Ecologia, conducted the Paso Del Norte Ozone Study
(PDNOS) during the summers of 1996 and 1997.! In addi-
tion, emission inventory development activities have in-
tensified, and applications of air quality models to the
region are planned. During the PDNQOS, surface meteo-
rology and air quality were monitored at 22 stations, and
upper air meteorology was monitored at four stations us-
ing two Windprofilers, one SODAR, and one Rawindsone.
In addition, both meteorotogy and air quality were moni-
tored from aircraft.

The meteorological modet MMS5 was selected for this
study. MMS5 is a 3-dimensional, limited-area primitive
equation model developed by the Penn State University
and the National Center for Atmospheric Research.? The
model is based on the prognostic equations for 3-dimen-
sional wind components (u, v, w), temperature {T), the
water vapor mixing ratio {(qv), and the perturbation pres-
sure {p’). It uses a constant reference-state pressure to in-
crease the accuracy of calculations in the vicinity of steep
terrain. The model equations are soived using an efficient
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Figure 1. Map of El Paso-Juarez.

split semi-implicit temporal integration scheme. It alsc
has a nested-grid capability of nine different domains of
arbitrary horizontal and vertical reselutions. The nested
grid interfaces can be either one-way or lwo-way interac-
tive. The vertical coordinate of the model is a terrain-fol-
lowing non-dimensionalized pressure coordinate. MMS
is an advanced prognostic wind maodel, constantly evolv-
ing by the contributions of worldwide researchers. It has
the capability of 4-dimensional data assimilation {FDDA),
and of handling complex terrain. It is also nonproprietary
and compatibie with most photochemical air quality
models. These reasons led us to select it for the study of
the KPJA.

The purpose of this study was to perform an initial
evatuation of the ability of MMS3 to simulate the meteo-
rology in the EPJA. The MMS3 model had never been used
before in this area; furthermore, it was the first time the
model was used in this area in connection with ozone
studies. This research will provide inputs in subsequent
air quality model applications and the understanding of
the impact of the wind on the high ozone in the re-
gion. It is known! that some of the local meteorological
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conditions leading to the formation of high ozene epi-
sodes in Fl Paso are

(1) Stagnant or weak early morning surface winds.
The morning surface-based mixed layer is lower
and grows more slowly than on days with lower
maximum ozone concentrations.

(2) Higher surface precursor concentrations. This
could be attributed to the stronger inversion as-
soclated with the slow growth of the mixed layer
and lower mixing heights.

(3) Aloft warming and the resulting increase in sta-
bility. It is believed that this is the major factor
influencing the growth rate of the mixed layer.

Since MMS5 allows for the calculation of a significantly
larger number of meteorological variables other than wind
patterns, this research will provide the necessary infra-
structure to pursue maore ozone studies in the future. Far-
thermore, subsequent work using trajectory analysis in
conjunction with MMS35 will allow understanding of the
poliution transport in this area in order to take proper
measurements to improve the air quality in the region.
‘The results of this research will also be used for the design
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of new meteorological and air quality monitoring pro-
grams in the area.

In order to better understand the impact of the wind
on ozone in the region, it is necessary to determine the
region's airflow features, such as the slope flows and moun-
tain-valley circulations. The complex terrain of the EPJA
introduces a varicty of mesoscale effects through circula-
tion systeins that are produced by differential heating and
cooling of various surfaces, The differences in meteoro-
logical conditions on the east and west sides of the moun-
tains and in the upper and lower valleys may play an
important role in the transport of ozone. For example,
the west side of the mountains and the upper valley are
subject to mountain-valley flows affected by the average
higher humidity of the upper valley and the lower hu-
midity of the mountains. This section also secs higher
rainfal! totals than other parts of the area. The east side of
the mountains is influenced by a large heat island effect
from the city and valley flow with lower mean humidity.
The lower valley has a higher mean humidity than the
east side of the mountain and sees valley flow but does
not experience arty mountain effects. [ts precipitation is
mainly from storms coming from the south that are de-
fiected around the Juarez Mountains.

A key factor in ozone formation is the emission char-
acteristics of the region. In the EPJA, the number of pol-
tution emitters has greatly Increased with the
implementation of the North American Free Trade Agree-
ment. Mobile emitters have increased with the number
of private and transport vehicles in operation in the re-
gion, In the United States, this has been mitigated some-
what with the use of cleaner-burning gasoline and
low-emissions requirements for vehicles, However, in
Ciudad Juarez, there are no such requirements. The ve-
hicle type that has shown the fastest growth has been the
Mexican trucks and private vehicles,

Exacerbating the problem of mobile emitters is the in-
creased traffic across the international border. Increased tratfic
means that a larger number of vehicles are sitting idle at the
horder crossing points for longer periods of time, producing
large pockets of emissions, As for mobile emitters, station-
ary sources of emissions have grown. For example, El Paso
smelting operations have increased their activities. In Ciudad
Juarez, tire disposal facilities and various types of manufac-
turing plants have also increased their activities.

The exact increases in emissions due to increased
activities have not been fully deternzined, Therefore,
these contributions must be studied in detail. Develop-
ing effective emission control strategies requires an un-
derstanding of the relationships between emissions,
meteorology, and the formation of ozone, Photochemi-
cal air quality models are used to cbtain guidance for
developing control strategies. Several attenmpts were made

Yolume 51 May 2001

Pearson and Fitzgerald

for photochemical model simulations in the area using
the urban airshed model.* Recently, Randolph et al.f and
Emery et al? applied the RAMS and urban airshed mod-
els. A major component of the photochemical model is
its meteorology input, which emphasizes the need for this
research work using MMS.

METHODOLOGY
Ft was necessary to evaluate several options of the model
to determine the optimum MMS settings suitable for the
EPJA. The first step was to evaluate various parameteriza-
tion schemes of the model for the major physical pro-
cesses. This Included cloud parameterization, radiation,
planetary boundary layer schemes, and the precipitation
scheme. Each simulation was designed to determine the
best model options to optimize results under sparse me-
teorological data. The schemes listed in Table 1 represent
those chosen for the model simulations. The Blackadar
planetary boundary layer (PBL) scheme was used for the
coarse and intermediate domains. The warm rain precipi-
tation scheme was chosen because it was the most com-
patible scheme among the available schemes in MMS to
represent the meteorology in the area. Three horizontal
grids were chosen. The coarse grid had 36-km, the inter-
mediate grid 12-km, and the fine grid 4-km resolutions.
Table 2 gives the horizontal grid details and the nesting.
Bach grid was centered at 31.7 N latitude and 106.4 W lon-
gitude. Figure 2a shows the domains, Twenty-two vertical
grids were selected with the following pressure levels: 1060,
999, 975, 950, 875, 850, 825, 800, 750, 725, 700, 650, 600,
550, 500, 450, 400, 350, 300, 250, 150, and 100 mb.

The terrain elevation and land use data (see Figure
2b for the 4-km domain land use data) were taken from
National Center for Atmospheric Research’s (NCAR)

Table 1. Schemes.

Parameterization Scheme
Cloud development Gre!l (none used in 4-km grig)
Radiation Simple
PBL Blackatar, Burk-Thompson
Precipilation Warm rain

Table 2, Giid slruclure.

Domain Gell Size (km) | Number J Number
1 36 7 37
2 12 49 49
3 4 55 55
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Figure 2. (a) Modeling domains. (b) Land use categorization of the 4-km domain, Each cell containg ong category as determined by MMS. A “3”

represents range-grassland and a “9" reprasents desert.
672 Journal of the Air & Waste Management Association



database. The 36-km grid used the 5-min GDC global
data set, and the 12-km grids used the 1-min data set,
The 4-km domain used the 30-arc sec topographical data
from the United States Geological Survey (USGS). This
data has a resolution of ~1 km. The land use data had
10-min resolution for the first two domains. The 4-km do-
main used the USGS-derived land use land cover database
with the same resolution as the topographical data.

The variable data are the atmospheric data for cloud
cover and precipitation. The atmospheric data were derived
from the NMC giobal spectrai model data assimilation sys-
tem database archived at NCAR. For our area of interest,
these data were the National Weather Service (NWS)
twice-daily radiosondes and 3-hr surface obsesvations.
The NWS data include the horizontal wind components
(uand v), temperature (T), refative humidity (RH), sea-level
pressure {SLI) and ground temperature (Tg), where ground
temperature is surface temperature over land and sea-surface
tenperature over water. The clouds and precipitation™ are
calculated via the thermaodynamic and cloud formulations
in the model and require no input data. Each domain was
initialized vsing the NCAR archived database.

Case studies were done on days of reported high ozone
concentration, such as August 12-14, 1996, and September
3-5, 1996. Figures 3a and b show the ozone values, the
area of major concentration, for August 12 and 13, 1996,
at 12:00 p.m. Each MMS simulation was started 36 ht prior
to the first hour of the study (00:00 Greenwich Mean Time)
10 allow for spin-up time. The model was initialized as dis-
cussed above utilizing data from the aforementioned data-
hases, except for the TNRCC data to be used later for
comparison, for the days of the studies in the 4-km domain,
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The prognostic portion of the model was run for the
two outer domains, in two-way nest mode. In this mode,
the nested domains share information across their bound-
ary. This allows the outermost domain to receive informa-
tion from the inner domain. The output was checked for
validity. This was done by graphing the output of the sec-
ond domain {12-km) to verify the reproduction of synoptic
conditions, such as wind speed, wind direction, and tem-
perature. The output of the second domain was used to cre-
ate the initial and lateral boundary conditions for the third
domain (4-km). With the boundary conditions verified, the
fine grid was simulated. The fine grid output was compared
directly to TNRCC data to ook at flow patterns.

The sparseness of data for this region also necessi-
tated other differences. MMS has twa distinct nudging
methods, Gridded Analysis and Observational Nudging.
In the first nudging method, Newtonian relaxation terms
are added to the prognostic equations. These terms relax
the model value toward a given analysis. The model lin-
early Interpolates the analyses in time to determine the
value toward which the model relaxes its solution. The
second nudging method also uses relaxation terms, but
the method is similar to objective analysis techniques
where the relaxation term is based on the model error at
observational stations. The relaxation is such as to reduce
this error. In our calculations, FDDA gridded analysis nudg-
ing, as outlined by Stauffer and Seaman,” was utilized.
Wind, humidity, and temperature (excluding surface tem-
perature) were nudged. In addition, observational nudg-
ing was also employed.

Meteorological data from 21 surface sites were used.
The data included were wind speed, wind direction, and

Figure 3. Ozone maps of the El Paso airshed. (a) August 12, 1996, {b} August 13, 1996,
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temperature, The wind speed and wind direction were used
to calculate the u and v components of the wind at each
meoenitoring site. The u and v componerts were the actual
wind inputs to the model. Observational nudging was
done for each domain.

Previous MMS3 simulations in California showed that
the Blackadar PBL' scheme had a hot bias in nightly tem-
perature.’! 1t did not cool the air appropriately in smaller
domains. A comparison of the Blackadar and the
Burk-Thompson PBL!? schemes was aiso petformed to in-
vestigate thelr impact on the simulations. The two PBL
schemes were evaluated to determine their effect on model
response under the situation of sparse data. These find-
ings allowed us to best select parameters for future stud-
ies. Upon satisfactory completion of the preliminary
studies, subsequent case studies were done. The case stud-
ies were conducted using the above-mentioned proce-
dures. The September and August time periods shown in
the 12-km tables used the Blackadar PBL scheme. This
schieme was found to work more efficiently on the larger
domains; however, the Burk-Thompson worked better for
the 4-km domain.

RESULTS

The methodology described above was used to produce
the results with the following information taken into ac-
count. The meteorological data from the observational
sites ave derived from observations taken at local meni-
toring sites. These sites consist of a 10-m tower with gauges
to measure wind speed, wind direction, humidity, and
temperature. The gauges for the wind speed and wind
direction are at 10 m above ground level. The gauges for
the humidity and temperature are at 8 m. The variance in
the humidity and temperature at 10 and 8 m above ground
level is considered to be negligible. Data from these sites
were available for use. To be consistent with these data,
the surface layer in the MM3S model was considered to be
10 m above ground level. This allowed direct comparison
with the observed data.

Results for 12-km, Demain 2
The statistics for the two episodes are given in Tables 3a
and 3b (a key to their meaning can be found in the re-
search work by Willmaott"), The surface temperatures were
converted to Celsius for inclusion in the table, but all cal-
culations were done In Kelvin. The model’s ability to re-
produce the daily mean temperature was evaluated. Our
MMS error resuits for the surface temperature estimation
are generally consistent with other evaluations from simi-
lar studies,'' In the August episode, the mean tempera-
ture increased by 0.18 °C from the first day to the second.
MMS averpredicted the first day’s mean temperature but
matched the second day’s mean very closely, The observed
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mean temperature increased by 3.63 °C from the second
to the third day. This was caused by the strengthening of
a 500-mb pressure ridge, just west of El Paso, extending
from southern Utah, MMS5 reproduced this increase to
within 0.03%. The September mean temperatures show a
decrease of 1.23 °C during the episode, MMS3 shows a cor-
responding 1.5 °C decrease over the same period. A 1.05°C
decrease occurred between days 1 and 2.

The observed daily mean wind speeds show a light
wind on August 12 and nearly stagnant winds on August 13,
with the wind speed value doubled on August 14. MMS-
predicted wind speeds show a general trend of decreasing
daily mean wind speeds for the episode. Moie observa-
tional data were available for wind speed at the end of
the episode than at the beginning. The model appears
not to be strongly influenced by the observational nudg-
ing of the wind speed data, most likely due to a sparse
amount of data being availabte during this time period.
Analysis of the scalar mean u and v components for the
episode demonstrate the same trend for the u component
as for the mean wind speed. The September episode shows
better agreement between modeled and observed data;
however, there is still an overestimation by MMS3. More
observational data was available throughout this episode
than in August. The u and v components repeat the over-
estimation for all days. The only exception is the mean
predicted v component for September 3 is 6.5% less.

The root mean square error (RMSE) of both episodes
was less than 3.0. The RMSEs for each individual moni-
toring site were not known specifically and need to be
further examined. High RMSE values at one site influence
the cumulative value to be higher. This causes the agree-
ment between the observed and calculated data to dimin-
ish far all stations. The standard deviation of the wind
speed and the u andl v components are not effective mea-
sures of variability at this scale.

Results for 4-lan, Domain 3
The qualitative behavior of the winds in the 4-km do-
main was first investigated. The general behavioral trends
were well reproduced; for example, the complex terrain
introduces local circulation effects. A sample is depicted
in Figure 4, where horizontal winds for the August epi-
sode are shown for the 4-km domain at 10 m above ground
level. The graphs are of the wind profile at 4:00 a.m. and
4:00 p.m. on August 13, 1996, showing the downslope
and upslope flows. These flows are thought to dominate
the transport of pollutants and ozone precursors. Subse-
quently, a statistical analysis was performed on the results.
The statistical results are summarized for the August epi-
sode in Table 4a and for the September episode in Table 4b,
For both the August and September episodes, MMS5
overpredicted the mean wind speed for the entire episode.
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Table 3a. Statistical summary of the August episode—Domain 2.
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available and MMS5 was within

2% of the observed values for

Performance Attribute Aug 12, 1996 Aug 13, 1996 Aug 14,1996  Mean both episodes.

The RMSE values for each
Mean i.vindvspeed.{m/sec) 1.5 082 1.66 12 episode were less than 2.0, For
Mean predicled wind syegd {mv/sec) 2.54 1.87 184 212 both cases, the index of agree-
Ohserved standard deviation 047 048 .54 0.50 ]
Predicled standard deviation ) 061 0.60 ggr  mentwaslessthan 0.8 Figures Sb
RMSE 944 50 142 296 and 6b show the standard devia-
aMSEY 218 262 197 200 tion of the wind speed for the Au-
RMSEs 109 131 064 101 gustand September episodes.
Wean predicted U companent {mysec) 204 147 298 2.16 Finally, our results also
Mean observed U component (m/sec) 148 1.40 346 2,12 show stagnant, weak early morn-
Mean pradicted ¥ component (m/sec) 278 2.88 kq 298 ing surface winds on August 13,
Mean ohservad ¥ component {ny/sec) 2.50 2.59 3.00 2.63 when the highest ozone peak
Standard devialion predicted U companent {m/sec} 0.58 0.75 1.34 0.8% (137 ppb) occurred in the sum-
Standard devialion ohserved U component (m/sec) 1.03 1.01 .86 1.30 mer of 1996, The ozone episode
Standard dev.ial?on predicied V componeat (m/ses) 0.65 1.23 1.42 1.10 of August 13 occurred during a
ﬁ‘r\aﬁr;?i? :{}e{:;gs:nfhserved V compenent {m/sec) ;jz ;2 ;ig ;Zg p er?o d cha.ra(.:terize d :Dy a brief
RMSE V companent 234 219 312 g5 Period of limited mixing, warm
Index of agreement for wind speed 063 068 o7 og7  surface and aloft temperatures,
Mezn abservad lemperature (°C) 26.83 27.01 30,64 sgip  and light-to-stagnant surface
Mean precicled lemperalure (°C} 26.90 2704 30,65 2819  winds. The predominant synop-

tic feature on the days prior to

Table 3b. Slatistical summary of the Seplember episods—Domain 2.

the episode was the expansion,
intensification, and slow progres-
sion eastward of an upper-level

Performance Atiribule Sept3,1096  Septd,1996  Sept5, 1996  Mean  ridgeofhigh pressure. On August
13, the 500-mb ridge continued
Mean wind speed (m/sec) 3.1 219 218 2.49 to build and extend, causing the
Mean predicted wind spesd (m/sec) 347 3 251 2.99 temperatures over Ll Paso to in-
Cbserved standard deviation 1.82 1.39 1.33 1.51 crease slightly. This aloft warm.-
Preticled standarg devigtion 213 1.85 1.73 1.90 ing strengthened the morning
HMS'% 245 201 182 209 inversion. The surface high be-
RMISE 110 090 0.6! 0.94 came much broader and less de-
RMSES 219 180 163 187 fined, which caused the
iviean predicied U component {m/sec) 213 1.96 1.89 1.94 ! .
Miean ohserved U component (m/sac) 1.3 168 1.46 1.50 m-:‘arustagnant' morning surface
Maan predicied v component {misec) 156 183 2,07 182~ winds. The highest ozone con-
Mean observed V component (m/sec) 167 154 1.98 173 centration of 137 ppb during
Standard deviation predicted U component (m/sec) 2.34 219 2.1 2.25 1996 was reached this day at the
Standard deviation observed U component (my/sec) 1.87 1.28 1.45 154 Chamizal monitoring site. On
Standard deviation predicted V component (m/sex) 4 1.72 1.91 20 August 14, the 500-mb ridge
Standard deviation observed V companent {m/sec} 1.99 1.34 2.0 1.78 continued to move eastward,
RMSE U compenenl 1.7 1.84 187 1.84 5] lghtly dibsipaglng from the
RMSE V component 1.57 1.76 27 '8 prior day. This caused the sur-
Index of agreement for wing spegd 0.77 0.74 0.76 0.76 face pressure to fall west of
Mean obse-rvecl temperature (°C) 24.4 24,08 247 2388 El Paso, while slightly rising east
Mean predicied lemperalure (°C) 25 23.95 235 2415

of El Paso. This resulted in stron-

The mean wind speed for the August episode was
overpredicted by 35%. For September, the overprediction
was close to $%; this is duc to more data avaitable for that
month, For both episodes, temperature data were readily
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ger southeasterly and easterly
winds in El Paso during this day.
Afr was channeled up the river valley to the northwest of
Ll Paso along the west side of the Franklin Mountains.
Ozone then reached 87 ppb downwind, at the La Union
monitoring site in New Mexico.
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Figure 4. Wind field. (a) August 13, 4:00 a.m. (2} August 13, 4:00 p.m., with terrain elevation contours.

Although slow mixing depth growth (MGR) plays
a significant role in producing high ozone concentra-
tions, high ozone concentrations do not occur in El Paso
under conditions of moderate-to-strong morning sur-
face winds. The wind has the effect of dispersing hori-
zontally the ozone precursor emissions, which decreases
their concentration. Windy days exhibit lower peak
ozone concentrations with broader horizontal extent
because photochemistry occurs under low precursor
concentrations. For example, August 14 and Septer-
ber 3 and 5 all had relatively strong morning winds.
August 14 and September 5 had meteorological condi-
tiens conducive for high ozone formation, including
slow MGRs, except for the winds. The mixing growth
rate on August 14 (120 m/hr) was slower than that on
August 13, and on September 5 was the same as that on
August 13 (150 m/hr). However, the peak downtown
ozone concentration on August 14 was only 79 ppb,
campared with 137 on August 13. Similarly, peak down-
town czone concentrations on September 5 were only
60 ppb, compared with 137 on August 13. Conse-
quently, we conclude that the dispersion of pollutants
by wind played a significant role in the low peak ozone
concentrations of August 14 and September 5.

Analysis was also performed per monitoring station
in order to get more information on the spatiat distribu-
tion of meteorological parameters. However, we found a
closer correspondence between MMS’s statistical domain
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averaged parameters and the corresponding observations
than in the same comparison per monitoring site. We
believe this is because we have not yet achieved the nec-
essary terrain resolution to obtain a close correspondence
at the monitoring sites.

Observations show that the winds were slow (0.5-2
m/sec) in the morning hours of the August 12-13, 1996,
period in the EPJA. Foothill stations reported downslope
winds, especially at Dyer Street, La Union, Franklin Moun-
tain, and 20/30 Club, Stations located at the lower eleva-
tions reported near-stagnant conditions with variable
wind directions.

Starting from 9:00 a.m. local time, winds were or-
ganized and became southeasterly. As the day pro-
gressed, their speed was accelerated, reaching 3-5
m/sec on August 12, 2-3 m/sec on August 13, and 4-6
m/sec on August 14, Air was channeled up the river
valley to the northwest along the west side of the
Franklin Mountains. MMS35 also simulated slow winds
in the morning hours, replicating down slope winds
along the foothills. It is also evident in the MMS5's out-
put that the winds were organized and became south-
casterly in the afternoon hours of the period. Our resuits
show that channeling of the simulated aitflow up the
river valley compares well with the observations. Fig-
ures 7a-f show a comparison between MMS3 results and
observed data at La Union Monitoring site for the
months of August and September,
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CONCLUSIONS

The most significant limitation
faced in these efforts was the
lack of available data. The resuits
demonstrate the fact that, when
more meteorological data is
available for input, the model
does well, hence the increase in
performance from August to
September. The RMSE values
show that the model is perform-
ing well, Qur results are in agree-
ment with TNRCC data and
with the ozone study performed
in 1996 at Bl Paso.! MMS35%s re-
sults led us to conclude that the
dispersion of pollutants by wind
played a significant role in the
low peak ozone concentrations
of August 14 and September 5.
The 4-km September data show
only a 3% error in wind speed.
We believe that is an acceptable
margin of error for future ozone
studies. If it is not seen as accept-
able, it could serve as impetus
to get more monitoring sites
online. The temperature values
were in good agreement in all
domains. Analysis of the spatial
performance of the wind profile
shows that the model replicates
well the complex circulations of
the region. The use of moere
monitoring stations and better-
resolved terrain and land-use
data will improve even further
the accuracy of the model pre-
dictions at the smaller-scale do-
mains. Those data are being
derived from observational data
by other entities.

For optimum MMS5 set-
tings, we recommend those
used in Table 1. In addition,
the Burk PBL scheme should be
used in the smaller domains, as
the Blackadar may overpredict
the temperature at that scale.
For the larger scale, the

Blackadar is more efficient. Furthermoze, we do not rec-
ommniend the use of cloud cover in the 4-km domain, be-
cause at that scate it has no impact. We also recommend
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Tabie 4a. Stalistics for the August episode (4-km)—Domain 3.

Pearson and Fitzgerald

Performance Alfrihite Aug 12, 1996 Aug 13, 1996 Aug 14,1996  Mean
Mean wind speed (m/sec} 1.15 0.82 1.86 1.21

Mean predicted wind speed {m/sec} 1.98 122 1.1 1.64

Observed standard deviation 047 0.48 0.54 0.50

Predicted standard deviation 0.83 0.84 0.63 0.77

RMSE 233 1.85 1,39 1.79

RMSEw 0.88 0.81 1.04 091

RMSEs 1.88 1,62 1.03 1.48

Mean predicted U componeni {m/sec) 1.38 0.93 2.81 1.71

Mean ebserved U component {m/sec) 1.48 1.40 346 AL

Mean predicted V component {m/sec} 213 1.81 275 223

Mean observed V component (m/sec) 230 259 3.00 263

Standard deviation predicied U componenl {mfsec) 0.67 0.86 1.56 1.03

Standard deviation ahserved U component {m/sec) 1.03 1.01 1.86 1.30

Standard deviation predicted V component {m/sec) 0.9 1.66 1.59 1.39

Standard deviation cbserved V component (f/sec) 143 1.7 2.23 1.79

RMSE U compongnt 1.87 1.64 156 2.36

RMSE V compcnanl 1.96 184 335 238

index of agreement for wind speed 0.67 0.72 0.74 07

Mean observed lemperature (°C) 26.83 21.01 30.64 28.16
Mean predicted temperature {°C) 269 2701 30.65 28.1%
Table 4b. Statislics for the Seplember episode (4-km)—Domain 3.

Porformance Attribute Sept 3, 1996 Sept 4, 1886 Sept5, 1956  Mean
Mean wind speed (my/sec) 31 219 218 249

Mean predictad wind speed {m/sec) 324 230 234 263

Ohserved standard deviation 1.82 1.39 1.33 1.51

Pradicled standard deviation 1.78 1.49 1.24 1.50

RMSE 2.20 1.28 1.50 1.86

RMSEw 0.28 0.84 0.67 0.83

RMSEs 147 1.68 1.34 1.66

bean predicted U companent {m/sec) 1.48 1.52 1.55 152

Mean observed L component {m/sec) 135 1.68 1.46 1.50

Mean predicted V component {m/fsec) 177 1.72 1.88 1.79

Mzan ohserved Y component {m/sec) 1.67 154 1.98 1.73

Standard deviation predicted U component (m/fsec) 067 0.86 1.56 1.03

Standard deviation observed U component {m/sec) 1.87 1.29 1.45 1.54

Standard deviation predicied V component {m/sec) 193 1.34 146 1.58

Standard deviation cbserved ¥ component {m/sec) 1.99 1.34 2.01 178

BMSE U component 1.87 1.54 1.86 1.76

RMSE ¥ component 230 1.56 1.93 1.03

index of agreement for wind speed 0.78 6.79 0.78 0.78

Mean observed lemperature (°C) 24.40 2408 2317 23.86
Mean predicted temperature (°C) 24.80 24.01 23.65 24.19

scale.
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using a fourth domain with a finer grid of 1-km resolu-
tion, if well resolved terrain data is available at that
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Figure 5. August statistical plots. (a) Mean wind speed. (b} Standard
deviation of wind speed. {¢) Mean temperature. {d) Standard deviation

of temperature.
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Figure 6. September statistical plots. (a) Mean wind speed.
(b) Standard deviation of wind speed. (c) Mean tempsrature, {d}
Standard deviation of temperature.
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