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Abstract

Wind erosion is a dynamic physical process that leads to environmental degradation when strong
winds blow on loose, dry, bare soils, creating dust events that can impact human health, visibility and air
quality. Since 1932, more than two thousand dust event days were recorded at El Paso, averaging 25 per
year. This research analyzes and models data on dust events in the El Paso/Juarez metropolitan area for
better understanding of their effects. The meteorological characteristics of these events are analyzed for
variables such as the frequency, visibility, and average wind speeds associated with convective and non-
convective events. These variables are further correlated with other parameters including particulate
matter concentrations, relative humidity and associated precipitation to determine their relationships.
Air transport pathways into El Paso during days with dust events (classified as convective and non-
convective in nature), as well as days in which dust was not reported, were created with the HYSPLIT
model and statistically analyzed. During 2001- 2005, dust events were recorded on 12% of all days;
55% of the events were synoptically-driven, while 45% of the events were convectively-driven.
Analyses showed different airflow patterns during dusty days as compared to overall trajectories into El
Paso. For synoptically-driven dust events, arriving air masses were strongly associated with a zone of
known dust source areas west-southwest of the city, and trajectories were consistent with air parcels
moving toward cyclones crossing or developing NE of the Chihuahuan Desert. For convective dust
events, trajectories were correlated with air masses arriving from the south and southeast, consistent
with monsoon moisture surges bringing thunderstorms. Finally, numerical modeling of weather on a
dust event day was performed and analyzed using the Weather Research and Forecasting (WRF)-Chem
model. The case study selected was Feb. 4, 2008, where very strong gusty winds across much of
northern Mexico, eastern New Mexico and Northwest Texas generated widespread dense blowing dust

in the afternoon on. WRF-Chem model results were correlated with TCEQ station data to evaluate the

Vi



model’s performance for dust storms. The results of these analyses improve the knowledge of how dust
storms and airborne particulate matter behave in the El Paso, Texas/ Ciudad Juarez, Chihuahua region

and can aid in improving the forecasts of these phenomena.
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Chapter 1

1.1 Introduction

The term *“aerosol” applies to the liquid and particle phase in a system (Prospero et al.,
1983). Dust is a type of aerosol distinct from smoke, mist, fumes and fogs (Pye, 1987). Dust
aerosol particles transported in suspension in the Earth’s atmosphere are mostly much smaller
than 100pum; material which is transported for very long distances (thousands of kilometers) is
generally smaller than 10 pum and much is smaller than 2 um (Pye, 1987). “Mineral dust” is a
term used to indicate atmospheric aerosols originated from the suspension of minerals
constituting the soil or earth crustal materials; it is composed of various oxides (SiO,, FeO,
Fe,O3, and others), carbonates (CaCO3, MgCOs3), and other more complex minerals such as clay
minerals, feldspars evaporite salts, etc. that constitute the Earth's crust. Global mineral dust
emissions are estimated of 2000 Mt per year , of which 1500 Mt is deposited to the land and 500
Mt to the ocean (Shao et al., 2011) , of which the largest part is attributed to deserts.
Although this aerosol class is usually considered of natural origin, it is estimated that about 25%
(Ginoux et al., 2012) to 30% Tegen et al., 2004) of the mineral dust load in the atmosphere could

be ascribed to human activities through desertification and land misuse.

Mineral dust is one of the largest contributors to global aerosol loading and can interact
with the earth’s climate system in different ways. It can affect the radiation budget, atmospheric
photochemistry, and cloud processes (e.g. Kondratyev et al., 1983; Washington et al., 2003;
Zender and Young, 2005; Grini et al., 2005; Mahowald et al. 2006; DeMott et al., 2010;

Mahowald et al., 2010; Zhang R. et al., 2010; Calvo et al., 2012). The entrainment of mineral



dust into the atmosphere from terrestrial sources also represents an important process of land-
atmosphere interaction (Washington et al., 2003). The major sources are usually deserts, dry lake
beds and semi-arid surfaces (Calvo et al., 2012). Factors such as surface soil moisture and
vegetation cover as well as changes in climatic parameters such as wind speed and precipitation
regulate the emission of mineral particles (Grini et al., 2002; Washington and Todd, 2005).
Because dust can be transported over thousands of kilometers, it can have an influence at great
distances from its original source (Prospero et al., 2002). Dust contributes to the transport of
allergens and pathogens, and when inhaled, can cause or aggravate respiratory diseases (e.g.
Hernandez-Cadena et al., 2000; Samet et al., 2000; Pope 11l et al., 2002; Pope 11l et al., 2006;
Griffin et al., 2007; Ho et al., 2007; Grineski et al., 2011). Dust storms represent a significant
hazard to road and air travel (Okin et al., 2011). Detection of these variable aerosol events is
challenging because of its short lifetimes, multiple-scales, and strong impact of local surface and

meteorological conditions (Zhao et al., 2010).

Dust storms are mainly caused by specific weather conditions in semi arid to arid areas
over the globe (Zhang et al., 1997; Liu et al., 2003; Natsagdory et al., 2003; Tegen et al., 2004).
Researchers found that regional climatic variables like land surface air temperature, lack of
precipitation, availability of soil particles and higher wind velocities are favorable conditions for
dust storm occurrence and intensity (Gillette and Walker, 1977; Nilgun and Nikcovic, 2000). The
wind speed at a particular site depends primarily on the nature and strength of large-scale wind
system over the region (Wigner and Peterson, 1987). Strong winds associated with the passage of
cold fronts often raise dust for several hours. The most persistent episodes of high winds and

blowing dust occur with the presence of a low pressure system (Brandali et al., 1977). The



southwestern plains of the U.S. are influenced by one of the planet’s key spots for the formation
of cyclones, the downwind or lee side of the Rocky Mountains, Colorado (Shultz and Doswell,
2000). Observations made by Wigner and Peterson (1987) and Bernier et al. (1998) suggest that
the most intense dust storms in the Southern Great Plains northeast of the Chihuahuan Desert
region are associated with the development of lee cyclones (Colorado cyclones). Although dust
storms associated with cyclogenesis are the least frequent, they are the most intense, and they are
associated with the lowest visibilities, highest particulate concentrations, longest duration, and
greatest total mass of sediment moved (Middleton et al., 1986; Lee and Tckaerian, 1995;

Wigner and Peterson, 1987).

Wind erosion is a dynamic physical process that leads to soil degradation that occurs
when strong winds blow on loose, dry, bare soils (Zobeck and Van Pelt, 2005). The process of
wind erosion is controlled by different physical mechanisms as seen in Figure 1.1 (Shao, 2000).
Those mechanisms are: (1) entrainment of particles by wind shear at the surface; (2) the
transportation of particles in the atmosphere by advection and turbulent diffusion, and (3) the
deposition of particles through dry and wet removal. These physical processes are governed by
many factors such as atmospheric conditions, soil characteristics, land surface properties, and
land-use practices (Shao, 2000). The occurrence of wind erosion is a consequence of two types
of forces at work: (1) aerodynamic forces, that attempt to remove particles from the surface and
(2) forces, such as gravity and inter-particle cohesion, that resist removal. Wind-blown materials
move in three modes: (1) creep, where large soil particles (1-2 mm) roll or slide along the

surface; (2) saltation, where particles between 100pum and 1 mm tend to move in a bouncing



mode; (3) suspension, which involves soil particles less than 100um that travel long distances

suspended in the atmosphere (Zobeck and Van Pelt, 2005).
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Figure 1.1: Three phases of wind erosion: entrainment, transport and deposition. Atmospheric conditions, soil
properties, land-surface characteristics and land-use practice control the erosion process (Modified from Lu, 1999).

Even though wind is the driving force behind the wind-erosion process, the conditions of
the soil surface and its surroundings often control whether or not a soil is transported by the
wind. In recent years the identification of source areas for dust storms has been an important
area for research, where the Sahara Desert and western China are being recognized as the
strongest sources globally (Goudie, 2009). Other emitting regions are Lake Eyre and the Great
Basin in Australia and deserts in Patagonia and west Argentina (Formenti et al., 2011; Calvo et
al., 2012). At a global scale, the dust regions in the northern hemisphere (mainly between 10°
and 35° contribute more aerosols than the ones in the southern hemisphere (Prospero et al.,

2002; Formenti et al., 2011; Ginoux et al., 2012).



Recent advances show that dust sources may be more diverse than previously believed
(Schepanki et al., 2007). Previous studies have used a variety of data sources, such as ground-
based, satellite and meteorological data, to monitor dust storms. Research in the area of West
Texas and New Mexico (Kondratyev, et al., 1983; Gill. et al., 2000; Prospero et al., 2002; Rivera
Rivera, 2006; Janugani et al., 2009; Rivera Rivera et al., 2010; Baddock et al., 2011; Lee et al.,
2012, Tong et al., 2012), has shown that image analysis techniques may help improve our
understanding of the dispersion of the dust storms in the areas mentioned above during the windy

seasons.

Remote sensing and modeling is used to study dust transport over large and remote places
where it is not easy to obtain information using ground-based monitoring platforms (Gill et al.,
2000; Rivera Rivera et al., 2009). Remote sensing data may be used to monitor surface features
and their changes over large and remote areas, such as desert zones, which are frequently the
source of mineral dust emissions. Remote sensors like TOMS, AVHRR, Landsat, GOES-10,
SeaWiFS, MODIS, and Meteosat-SEVIRI are some of the platforms used to obtain data that
may be used to map the sources of these dust emissions (Ackerman, 1997; Legrand, et al., 2001;
Doyle and Dorling, 2002; Prospero et al., 2002; Miller, 2003; Belsman, 2004; Darmenova, et al.,
2005; Connell and Prata, 2006; Christopher et al., 2011: Ginoux et al., 2012). Some of these
sensors are sensitive to aerosols at different altitudes in the atmosphere. Other studies such as
Tong et al. (2012) have used routine aerosol ground monitoring stations measurements like the
Interagency Monitoring of Protected Visual Environments (IMPROVE) Network to study the

long term dust climatology in Western United States.



All these data have been used to assess the frequency and magnitude of dust events for
potential impacts on climate, visibility and health-related air quality issues. Studies conducted
by the United States Department of Agriculture’s (USDA) Economic Research Service estimated
that the off-site costs of wind erosion in the western USA range from $4 to $12 billion per year
(Zobeck and Van Pelt, 2005). Off-site impacts from wind erosion are caused primarily by the
release of fugitive dust, which may travel long distances imposing cost for cleaning, reducing
recreational opportunities, and impairing health (Zobeck and Van Pelt, 2005). Recent research
(Samet et al., 2000; Pope et al., 2002; Yin et al., 2005; Grineski et al., 2011) in the US showed
that there is a direct link between the exposure to high-levels of air-borne particle concentrations
and the increase of mortality from cardiovascular disease, respiratory illness and lung cancer.
Many contaminants that pose a significant risk to human health and the environment are
associated with dust, including metals, pesticides including dioxins, and radionuclides (Shao,
2000). For these reasons, it is important to determine the areas and the intensity of the dust

emissions using both atmospheric modeling and air-quality studies.

This study focuses on the dust climatology in the Chihuahuan desert region in the
southwestern U.S. and northwestern Mexico. This area has not been as well characterized for
dust emissions as other desert areas in the western U.S. (i.e. Death Valley or Owens Lake in
California) (Cahill et al 1994; Reheis et al., 2002) Chihuahuan desert dust sources have been
linked to low-range continental transport, especially seasonally in the spring and winter (Novlan
et al., 2007). This region encompasses a critical climatic boundary region between the
subtropics and the middle latitudes and has been described as a modern semiarid climate that

consists of relatively cool, dry winters and warm wet summers (Castalgia and Fawcett, 2006).



Novlan et al., (2007) found that dust storm frequency is at its peak during the spring months
(March- May). However, dust storms in the area also occur during the summer months and are
associated with the North American Monsoon (primarily convective events) (Apodaca and
Morris, 2008). Figure 3 shows the monthly frequency of dust events in the region during 1932-

2008.

1.2 Study Area

The Chihuahuan Desert is located in the southwestern part of the United States and the
northwestern part of Mexico (Figure 1.2). It spans 11 degrees of latitude and approximately 8
degrees of longitude. Aridity in this desert zone stems from a combination of the domination by
subtropical high pressure, orographic barriers and continentality. It increases in elevation from
600m above sea level in the northern part to over 2000 m in the south (Warner, 2004). The
Chihuahuan Desert is located between two orographic barriers, the Sierra Madre Occidental and
the Mimbres Highland to the west and the Sierra Madre Oriental / Sacramento Mountains to the
east. Basin and Range topography characterizes the desert. There are very few through-flowing
rivers and few areas of erosional lowlands (Schmidt, 1986). As a result, nearly the entire desert

has a basin level of 900-1200 m (Schmidt, 1986).
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Figure 1.2: Chihuahuan Desert Region. After an original map by R. Schmidt
(1979). Image retrieved from http://museum.utep.edu/chih/chihdes.htm

The physical environment of the Chihuahuan Desert is relatively homogeneous. It is
surrounded by N-NW trending mountains which have nearly similar heights. Most of the zone
lies more or less at an equal distance from the major sources of moisture, these being the Gulf of
Mexico, the Gulf of California and the Pacific Ocean. Because it is a subtropical desert, a
convective rainfall occurs during the summer months with a significant impact from the moist
southwesterly flow of the North American monsoon. The maximum rainfall occurs in July and
August. Annual rainfall averages are typically 20-30 cm (Warner, 2004). Natural vegetation is

desert scrub in the west, merging with short grass prairie in the east (Lee et al., 2009).
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Figure 1.3: Monthly frequency of dust events in El Paso, 1932-2010.

David Novlan from the NOAA/National Weather Service Office in El Paso, TX stated in
response to a query from the Texas Commission for Environmental Quality (TCEQ) on dust
storms forecasting (adapted from Rivera Rivera, N. I., 2006 M.S. Thesis) that there are two
basic categories into which dust storms fall into in the Chihuahuan Desert: Synoptic scale and
Mesoscale. Synoptic scale systems (e.g. Cyclones, air masses, hurricanes) typically last for
several days to a week; Mesoscale systems usually last hours to a day, and they include
thunderstorms and other smaller-scale circulation systems (Moran, 2006). The most persistent
episodes of high winds and blowing dust in southwestern North America occur with the presence
of a synoptic-scale low pressure system located northeast of the Chihuahuan Desert (Rivera

Rivera et al., 2009). This surface cyclone is commonly referred to as the *‘Albuquerque Low,”’



tracking along the Colorado-New Mexico border into the Texas Panhandle area then
northeastward (Novlan et al., 2007). These events are driven by the surface pressure gradients,
set up by the large scale upper flow aloft, so the characteristic southwest winds of high velocity
over 6-12 + hours tap the dust primarily from playa sources throughout the southwest and
produce the characteristic swath of dust that emanates from the Chihuahuan Desert and sweeps
east northeastward into east southeast New Mexico and eventually into west Texas (Figure 1.4)
(Novlan, D., Personal Communication, 2008). The characteristic Haboob (Figure 1.5) of the
southwestern North American desert that arises from thunderstorm outflow (very prevalent in the
North American monsoon season) is the typical example of the mesoscale dust event on a
smaller scale in space and time (Novlan et al., 2007). Figure 1.6 shows the percent of dust events

that were convective during 1960 to 2006.
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Figure 1.4: MODIS Aqua data image from the 15 April 2003 dust event (20:20 GMT). Difference between bands 31
and 32 (thermal IR bands), showing dust plumes originating in the Chihuahuan Desert area and advecting across
western Texas and southern New Mexico (adapted from Rivera Rivera et al., 2009).

Figure 1.5: Haboob (convective) dust event. (Adapted from Novlan et al.,
2007)
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Figure 1.6: Percent of convective dust events at EI Paso from 1960-2010

The research contained in this dissertation will continue the Master’s thesis work done
by Rivera Rivera et al., (2006),which focused on characterizing dust sources in the Chihuahuan
desert region by analyzing remote sensing data (Janugani et al., 2009; Rivera Rivera et al., 2009;
Rivera Rivera et al., 2010). In previous research different dust events were analyzed; the source
locations of the dust events were obtained and their land surface was assessed to determine how
they corresponded to different land cover surfaces (Rivera Rivera et al., 2010; Baddock et al.,
2011). Most of the source locations were consistent with bare soil, dry playa lakes and
agricultural land. These source locations are responsible for poor air quality in far-west Texas,
Southern New Mexico and Ciudad Juarez, Chihuahua, Mexico on windy days (Dominguez et al.,

2007). Further research in Northern Mexico, West Texas and New Mexico is critical because

12



these areas have major dust outbreaks, regularly in the windy season, that affect the metropolitan

area of El Paso, TX/ Ciudad Juarez, Mexico (Novlan et al., 2007; Rivera Rivera et al., 2009).
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Chapter 2

2.1 Analysis of Historic Dust Events in the Chihuahuan Desert since 1932-2010

2.1.1 Introduction

Atmospheric and land-surface conditions control the frequency and intensity of dust
storms (Middleton, 1984; Jauregui, 1989). For example, surface cover, soil moisture, strong
winds, and low humidity (among others) are important environmental factors that are often
associated with dust events (Warn & Cox, 1951; Jackson et al., 1973; Jauregui, 1989). In most
cases, the exact influence of each factor on regional dust levels is still poorly understood and
even less is understood about the combined effects of multiple environmental factors (Stout,

2001).

Dust emissions from semi-arid regions can vary in time as environmental conditions
change with the seasons (Warn & Cox, 1951; Brown et al., 1968; Smith et al., 1970; Jackson et
al., 1973; Orgill & Sehmel, 1976; Goudie, 1983; Brazel & Nickling, 1986; Wigner & Peterson,
1987; Lee et al., 1994; Stout, 2001). Variations in dust storm frequency have relied heavily on
visibility observations (Pecille, 1973; Orgill & Sehmel, 1976; Pollard, 1977; Changery, 1983;
Goudie, 1983; Wigner & Peterson, 1987; Lee et al., 1994; Lee & Tchakerian, 1995). Before
1993, visibility was routinely estimated each hour by a National Weather Service observer who
attempted to see fixed objects at known distances from the station. When visibility decreased to
less than 7 miles, a note was made as to the reason for the reduced visibility (Stout, 2001). In

semi-arid agricultural regions, the occurrence of blowing dust was sometimes reported as the
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cause for reduced visibility. As a result, the National Weather Service surface observations

provide a helpful record of blowing dust that often extends as far back as 1947 (Stout, 2001).

Historical dust event data was analyzed as part of this project. This type of data is
important because it can show relations between the dust storms with safety, health, and nuisance
(David Novlan, Personal Communication, Zobeck and VanPelt, 2005; Grineski et al., 2011,
Okin et al., 2011). Dust events can disrupt our daily life and put our environment, economy and
health at risk. They cause pollution, respiratory disease, ecological disaster, low visibility,

interrupted transportation and aviation (Akhlaqg et al., 2012).
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2.1.2 Methodology

2.1.2.1 Historic dust storm data

A synoptic climatology of significant blowing dust events in El Paso, Texas has been
compiled at the National Weather Service office (NWSO) of El Paso, TX, based on
observational data from the El Paso International Airport (ELP) collected since 1932 (Novlan et
al., 2007). Approximately two thousand cases were documented during that period of time,
based on visibility reductions of 7 statute miles or less. These records were maintained on a
Microsoft Excel spreadsheet. The data consisted of date, time of first dust observation, restricted
visibility, wind direction, wind speed, and duration of the events. In the data, *‘dusty days’’ were
documented based on at least one hourly observation of blowing sand or dust, with high winds
reducing visibility to <10 km. Novlan et al. (2007) further classified these events as synoptic-
scale (non-convective) or mesoscale (convectively driven events) (Rivera Rivera et al., 2009;
Rivera Rivera, 2006). Synoptic-scale dust events are least frequent in the region and
convectively-driven dust events are more frequent during the late summer (rainy) months, when
the Chihuahuan Desert is under the influence of the North American monsoon (Apodaca et
al.,2007).

“The synoptic type primarily occurs during the months of March and April which are
characteristically the two driest months of the year. This dryness combined with the retreat of the
Polar Front Jet stream slowly northward but still close enough to steer upper level energy
disturbances in the form of upper air toughs of low pressure with associated surface Pacific cold
fronts sets the stage for very strong winds aloft. As this type of system approaches the southern New
Mexico/Far West Texas area a process call “lee troughing develops™ in the lower portions of the

atmosphere in which the surface pressure falls faster to the lee of the Rocky Mountains (both Central
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and Southern Rockies) setting up a pressure gradient from the higher pressure to the west to the
lower pressure out east. One of the typical signatures to look for in this surface pattern is what we
refer to as an Albuquerque low, in which the lower pressure at the surface typical tracks along the
Colorado/New Mexico Border to the Texas Panhandle near Amarillo.

The Type 2 pattern for blowing dust in the ElI Paso area is the Mesoscale thunderstorm
induced outflow producing localized to often fairly extensive areas of blowing dust (sometimes
referred to as Haboobs) in the desert southwest. These may be associated with dry micro bursts
(usually dry thunderstorms in June with the inverted “v”> sounding signatures) or wet/hybrid micro
bursts in July through September. These features usually cover an area say about the size of the city
of El Paso or half that amount and may last from 1 to 4 hours in temporal extent. These are

associated with significant wind shear hazards™ (adapted from Rivera Rivera 2006).

This historic dust event data was analyzed using the Microsoft Excel program. The
analyses performed with the data were a statistical analysis, Particulate Matter, visibility, wind
speed, precipitation and relative humidity data correlations. Table | shows a basic statistical
analysis done with the dust event data. Monthly frequency of dust events, percentage of
convective events, and average wind speeds were analyzed. To obtain the monthly frequency of
dust events, the number of convective events and the average wind speed during the events, the
number of events per month, convective events and wind speed were added respectively from
1932 to 2010. The mean and standard deviation were obtained by using the average and standard
deviation functions within the Excel program. The percentage of convective dust events was
obtained by dividing the number of convective dust events per month by the total number of

convective events.
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Table I: Example of statistical analysis done with the data

Frequency # of _ % of_ Ave_rage
month Mean St. Dev | convective | convective wind
of events

events events speed
January 118 1.49 1.44 1 0.34 17.04
February 188 2.38 2.05 2 0.68 22.50
March 391 4.95 2.98 2 0.68 24.26
April 443 5.61 3.27 7 2.36 23.74
May 243 3.08 2.49 33 11.15 20.07
June 188 2.38 2.72 92 31.08 16.11
July 91 1.15 1.96 84 28.38 8.29
August 52 0.66 141 47 15.88 7.09
September 33 0.42 0.74 18 6.08 5.92
October 65 0.82 1.03 8 2.70 12.02
November 93 1.18 1.38 1 0.34 14.86
December 95 1.20 1.47 1 0.34 17.04
Total 2000 25.32 22.95 296
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2.1.2.2 Particulate Matter data

Particulate matter, or PM, is the term for particulate found in the air, including: dust, dirt,
soot, smoke, and liquid droplets. National Ambient Air Quality Standards (NAAQS) regulate
ambient air concentrations of particulate in two different size fractions, PM 2.5 and PM 10. PM
2.5 is the fine fraction of particulate that is 2.5 microns or smaller in aerodynamic diameter. PM
10 is the coarse fraction and consists of particulate that is 10 microns or smaller (Watson et a.,
1997). Particulate Matter is a significant human health hazard capable of causing long term
respiratory ailments and even sudden death (Vedal, 1997; Samet et al., 2000; Pelletier, 2006). It
also impacts visibility, contributing to vehicular accidents and the loss of scenic quality

(Pelletier, 2006).

The impact of atmospheric aerosols on visibility, through their scattering and absorption
of solar radiation, is especially sensitive to fine particles, e.g. those less than 1.0 um (Watson,
2002; Nicole Pauly, 2009); because these particles, compatible in size to the wavelength of
visible solar radiation, have the largest optical extinction efficiency (Wang et al., 2012).
Meteorological visibility provides a proxy of optical concentration of PM 1.0 (Mahowald et al.,
2007; Wang et al., 2012). Visibility measurements have been used successfully to quantify long-
term variation of aerosol during the past four decades (Field et al., 2009; Vautard et al., 2009;

Wang et al., 2009).

In this research the historical dust data was correlated with Particulate Matter (PM) data.

The particulate matter data was obtained from the Texas Commission for Environmental Quality
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(TCEQ) and included PM 2.5 and PM 10 for the CAMS 12 (UTEP) location from 2001 to 2010.
Data collected from 2001 to 2010 was used, as this was the only time frame available for the PM
data from the TCEQ’s. The TCEQ’s Continuous Ambient Monitoring Stations (CAMS)
document air and water parameters via instruments that measure the following pollutants on an
hourly basis: ozone, carbon monoxide, nitric oxide, nitrogen dioxide, oxides of nitrogen,
hydrogen sulfide, fine particulate matter (PM 2.5 and PM 10) (TCEQ CAMS website). This data
IS accessible online at

http://www.tceq.state.tx.us/compliance/monitoring/air/monops/hourly data.html. There, a search

can be done for air quality data collected on a specific day, during a particular month, or a
definite year and at a specific TCEQ air monitoring site. CAMS 12 is located at 250 Rim Road,
El Paso, TX near The University of Texas at El Paso (UTEP) at latitude 31° 46' 05" North and
longitude 106° 30" 04" West. Figure 2.1 shows a map with the location of CAMS 12 and a
picture of the site. | utilized CAMS 12 instead of the other stations around El Paso, because this
station had the most up to date and complete data set for the time frame that was being analyzed.
CAMS 12 PM 2.5 and PM 10 daily and hourly averages were linked to the dust storm days from
2001 to 2010 (in the historic dust storm database) and statistically analyzed to correlate PM 2.5/
PM 10 ratios of convective and non-convective events and also to correlate these values with,

wind speed, relative humidity and visibility.
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Figure 2.1: Location of the Continous Air Monitoring Station 12 (CAMS 12).

From the dust data set, a correlation was done with the following parameters: PM2.5, PM10,
visibility, mean wind speed, and relative humidity. Correlations of PM2.5 and or PM10 with
each parameter (visibility, mean wind, peak gust, and relative humidity) could show relations
between the dust storms and safety, health, and nuisance (David Novlan, Personal
Communication). In addition, evaluating the concentrations of PM 2.5/ PM 10 for each of the

variables mentioned above proves valuable as well.

It is initially expected that in non-convective cases a higher PM10 concentration would

have lower PM2.5 concentration, as non-convective cases are much larger in space and time and
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allow for a greater probability for obtaining larger particles. It is also suspected that the earlier
season storms would have a larger concentration of smaller particles; which over a single season
might decrease in time, at least for the same source region, as they are depleted from the source

soils. The data analysis is stratified by wind direction, wind speed and peak gust.

2.1.2.3 Precipitation Data

Monthly precipitation data from 1932 to 2010 was also used in this research to see if any
correlation occurs between the hours of dust storms per year and the number of dust events.
Previous studies have found that precipitation totals in the Western United States for periods
between 2 month to 2 years prior to dust events are correlated with dust event frequency (eg.
Brazel and Nickling, 1987; Littman, 1991; Yu et al., 1993; Bach et al., 1996; Holocombe et al.,

1997; Lancaster and Helm, 2000; Okin and Reheis, 2000).

The precipitation data was obtained online from the National Weather Service Forecast

Office (WSO) of El Paso, TX (http://www.srh.noaa.gov/epz/?n=elpaso_monthly precip). Table

I1 shows an example of the monthly precipitation data and its annual averages and its format in
the Excel program. The data is divided by the total precipitation of every month per year. The
precipitation data is measured by WSO in inches and for the purpose of this research the

averages (last five columns on Table I1) were converted to centimeters.
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Table 11: Example of the monthly precipitation data and its annual averages and its format in the Excel

program
Precipitation-Total Note: averages and extremes at bottom of table are through the calendar 2008
annual previous | previous 3 | previous | previous
B Annual year years Syears | 10 years
January |February| March April May June July August |September | October | November| December Averages
(cm) {cm) average | average | average | average
(em) (cm) (em) (cm)

YEAR TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
1932 0.17] 0.68| 0.03 1.46 0.15 2.28 2.14] 2.85 0.53 0 0.65 10.94] 2.53 2.28| 2.02] 1.94 1.84]
1933 0.19 0.23 0.09 0.04 2.14] 1.34 0.27] 0.99 0.6 0.04] 0 5.93 1.37] 2.53 2.07| 213 2.00|
1934 0.01] 0.12] 0.24] 0.05 0.37 0.01 0.19 0.6 0.17 0.44] 0.21] 0.32 2.73 0.58] 1.37| 2.06] 1.99 1.96|
1935 0.24] 0.47] 0.14] 0.02] 0.17| 0.09 0.16 1.72] 1.24 0.14] 0.92] 0.24 5.65 1.20] 0.58] 1.49] 163 1.83
1936 0.57] 0.06| 0.11] 0.56 0.34] 0.68 1.94] 3.52 0.32] 1.32] 0.51 2.93 2.29 1.20 1.05 1.59 1.79
1937 0.12] 0.32] 0.48| 0.19 1.05 0.39 0.36] 0.48 1.71] 0.22] 0.91 6.23 1.44] 2,29 1.36] 1.59| 1.77|
1938 1.22] 0.17] 0.45 0.02 2.82] 0.6 0.2 2.31 0.19|T 0.28 8.3 2.11] 1.44 1.64] 1.37| 175
1939 0.65 0.08] 0.44] 0.45 0.01 0.6 0.91 0.9 0.93 0.75 0.19 5.91] 1.36] 2.11 1.95 1.52| 1.76|
1940 0.54] 0.41] 0.02] 0.02] 0.43 1.87] 1.06 0.78] 0.25 0.82] 1.25 0.31 7.76] 1.64] 1.36| 1.64] 1.68) 1.66|
1941 0.46| 0.46] 1.63 1.49 1.23 0.18] 1.4 2.13 4.19 1.65 0.48] 0.35 15.65 3.31] 1.64 1.71] 1.77| 1.68|
1942 0.14] 0.72] 0.02] 104|T 0.52] 0.68 3.82] 1.03 1.53 0 1.26 10.76| 2.48] 3.31 2.11 1.97| 1.78]
1943 0.25 0 0.07| T 1.63 0.92 0.44] 1.36|T 153 0.82 7.02] 1.98| 2.48| 2.48| 2.18 1.78]
1944 0.45 1.42] 0.15 0.39 1.67] 1.52 1.04] 0.25 1.3 0.41] 0.48 9.08] 2.10] 1.98| 2.59 2.16| 1.84]
1945 0.11] 0.17| 0.64] T 0.03 0.47 0.84 0.12 4.31] 0 0.05 6.74] 1.71] 2.10| 2.19] 2.30 1.99
1946 1.23|T 0.04] 0.36] 1.23 0.2] 0.71 119 1.51 0.41] 0.03 1.31 8.22] 1.90| 1.71] 1.93 2.32 2.04]
1947 0.87|T 0.66| 0.06] 0.68 0.53 0.97 1.63 0.02 0.35 0.53 0.82 7.12] 1.64] 1.90 1.90] 2.03 2.00|
1948 0.25 0.63 0.04] 0.11T 0.96| 0.82 1.82] 0.03 0.18|T 0.86 5.7 145 1.64 1.75 1.87| 2.02]
1943 1.84] 0.22] 0.04] 0.05 0.39 0.51] 1.18 0.43 174 15T 0.86 8.76| 2.02] 145 1.66| 1.76| 1.96|
1950 0.29 0.26] 0.1 0.11] 3.57 0.16 1.32 0.94] 0 0 6.73 a7l 2.02 1.70] 1.74 2.02]

2.1.2.4 Relative Humidity Data

Surface humidity is directly influenced by the precipitation, which affects the material

resource of a dust storm. The particle cohesive force and drag force enlarges, leading to an

increase of the threshold wind speed, thus reducing the occurrence probability of dust or

sandstorm (Fengmei and Chongyi, 2010). The moisture content of the upper soil surface is

closely linked to the moisture content of the atmosphere directly above it (J.M. Gregory, pers.

comm.) Dry winds remove moisture from the surface more quickly than subsurface moisture can

replenish it, leaving the uppermost soil surface desiccated and susceptible to wind erosion. On

the other hand, moist air can produce a moistening of the surface layer as well as a reduction in

evaporation. Thus, it is reasonable to assume that relative humidity may be used as an indicator

of surface soil moisture at the soil-air interface (Stout, 2001).
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Relative Humidity (RH) data was used in this study. The data was obtained from the
TCEQ website CAMS 12 station, where the Particulate Matter (PM) data was also collected. The
same methodology used to obtain the PM data was used for the RH data. The data was accessed

online at this link (http://www.tceq.texas.gov/cgi-bin/compliance/monops/yearly summary.pl).

A search can be done for Relative Humidity data collected on a specific day, during a particular
month, or a definite year and at a specific TCEQ air monitoring site. The site displays Relative
Humidity percent data from November 2001 to present. This RH data was correlated with

Convective and Non-Convective dust days, visibility, PM 2.5 and PM 10.
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2.1.3 Results

Graphs of PM 2.5/ PM10 concentrations of Convective and Non-Convective dust events
were created and correlated with minimum visibility (<6 miles), seasonality, precipitation,

relative humidity and duration of the dust events.

2.1.3.1 Particulate Matter

Figures 2.2 to 2.4 show a correlation between Particulate Matter concentrations and
minimum visibility from 2001 to 2010. As seen in those figures, as the visibility goes down the
PM goes up. There were a total of 418 dust events from 2001-2010. From those 418 events, 219
had a minimum visibility of 6 miles or less. Of those 219 events, 95 were Convective events and

124 were Non-Convective events.

Figure 2.5 shows a correlation of PM 2.5 and PM 10 concentrations between Convective
and Non-Convective events from 2001-2010. The graph shows that there is more PM 10 during
non-convective events. This occurs because the convective downburst picks up more smaller
sized particles and operates over a smaller time frame (1 to 2 hours) with exponential decay
setting in as soon as the downburst comes into contact with the ground (David Novlan — Personal
Communication). The non convective cases start out slower with lighter winds, thus initiating the
smaller particle thin haze, before gradually building to higher winds and higher concentrations
of larger particles, enabling more large particles to be picked up in the atmosphere. The air is

also more unstable in non convective cases, allowing a deep mixture of the larger particles to a
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greater vertical depth; whereas, in convective cases, the dust is confined more in a dome of cold,

stable air (cold pool) with downward and outward motion.

Figures 2.6 (a-e) shows the seasonal concentrations of PM 2.5 and PM10 for dusty days
(including both convective and non-convective events) from 2001-2010. There is a solid
correlation between the ratios of PM 2.5 and PM 10 in all the different seasons. As observed, the
PM 2.5 drops below the PM 10. This may reflect the fact that with cooler temperatures in winter,
and hence more dense air, it may be harder in the denser air to get more small particles
suspended in thermals so the larger PM 10 dominates. Also earlier season storms can have a
larger concentration of smaller particles; which over a single season might decrease in time, at
least for the same source region, as they are depleted from the source soils observed in Figures
2.6 (b-e). Figure 2.6 (c) shows higher Particulate Matter concentrations in the spring compared to

Figures 2.6 (b) (e) which showed lower PM concentrations.

Figure 2.7 shows the correlation of PM 2.5 and PM 10 concentrations between
convective and non-convective dust events at the hour of minimum visibility. Again a good
correlation is observed between both PM ratios measurements as explained before in Figure 2.5.
Figure 2.8 draws a comparison between Convective, Non-Convective PM 2.5 and PM 10 during

the duration (time) of the dust events from 2001-2010.

Table 111 show a correlation of the average PM 2.5 and PM 10 for non-convective and
convective events and its Anova. Table IV show the Anova correlation of the average PM 2.5
and PM 10 for the hour of the 1st dust observation for the duration of the event versus the

visibility.
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Table 111

Correlation
Average | Average | Average | Average
PM 2.5 PM10 | PM25 PM 10
(ug/m3) | (ug/m3) | (ug/m3) | (ug/mq)
Non-C Non-C C C
Average PM 2.5 (ug/m3)
Non-C 1
Average PM 10 (ug/m?3)
Non-C 0.941756 1
Average PM 2.5 (ug/m3) C | -0.00684| 0.075223 1
Average PM 10 (pg/m3) C | 0.037905| 0.096469| 0.903343 1
Anova: Single Factor
SUMMARY
Groups Count Sum Average | Variance
Average PM 2.5 (ug/m3)
Non-C 265 3618.8| 13.65585| 164.2711
Average PM 10 (ug/m?3)
Non-C 212( 21234.44( 100.1625( 15193.13
Average PM 2.5 (ug/m3) C 183| 2040.17| 11.14847| 53.32777
Average PM 10 (ug/m?3) C 160 9256.01| 57.85006| 3023.59
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1140882 3| 380294 82.98267( 7.31E-47( 2.615814
Within Groups 3739575 816| 4582.812
Total 4880457 819
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Table IV

Anova: Single Factor

SUMMARY
Groups Count Sum Average | Variance
Average PM 2.5
(ng/m?3) for the hour
of the 1st dust
observation for the
duration of the event 95| 3655.664| 38.48068| 1258.415
Average PM 10
(ng/m3) for the hour
of the 1st dust
observation for the
duration of the event 75] 25656.04| 342.0806] 110529.1
VSBY (statue miles) 96| 376.875| 3.925781]| 91.78308
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 5605007 2| 2802503| 88.73636( 3.54E-30( 3.030116
Within Groups 8306160 263| 31582.36
Total 13911167 265
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2.1.3.2 Precipitation

Precipitation is another factor that can lead to the increase/decrease in the occurrence of
dust storms in our area. Figure 2.9 and Figure 2.10 show the precipitation vs. number of dust
events per year and precipitation vs. the hours of dust per year from 1932 to 2010. As expected
during these periods, higher rainfall diminished dust events and dusty hours. In other words,
more dust arose during extended dry periods. Figure 2.11 shows the correlation of dust events in
2003 versus the average precipitation three years prior to the dust events (2000-2002). The
graph shows that when the precipitation averages are low the fluctuation of dust events is greater.
Figures 2.12 and 2.13 show another correlation between the dust events in 2003 and the average
precipitation five years prior (1997-2002) versus a 10 year precipitation average prior to the 2003

events.

Figures 2.14 -2.15 show a correlation between the numbers of dust events in 2008 versus
the average precipitation 2-3 years prior to the events.  During the drier months, when
precipitation was low, the number of dust events was higher, and vice versa. Table V shows the
correlation between the precipitation average used in Figure 2.15 and the 2008 dust events. The
dust days in 2008 correlate well with the 3 year precipitation average. Figure 2.16 and 2.17
show a correlation between the number of dust events in 2010 versus the average precipitation
amounts of 3 years prior (2005-2007) and 5 years prior (2005-2009) (Table VI). It is observed
that the same inverse relationship mentioned previously applies here: more rain, fewer dust

events.
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Table V

Correlation
Precip, average 2005 o
P- g dust
2006-2007
days
Precip. average i
2005-2006-2007
2008 dust days 0.881197231 1
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Table VI

Correlation
Precip. Precip. Precip. Precip.
Average | Average | Average | Average | 2010
2005- 2005- 2005- 2005- Dust
2006 2007 2008 2009 days
Precip. Average
2005-2006 1
Precip. Average
2005-2007 0.995003 1
Precip. Average
2005-2008 0.991129| 0.997744 1
Precip. Average
2005-2009 0.819818| 0.836656| 0.844339 1
2010 Dust days | 0.872138| 0.897584| 0.894572( 0.810335
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2.1.3.3 Relative Humidity

During a typical day, relative humidity follows a daily cycle driven by diurnal
temperature variations. Relatively moist conditions occur in the early morning whereas the
minimum relative humidity often occurs around mid-afternoon. It is during this dry period, when
relative humidity is at a minimum, that the potential for blowing dust is maximum (Stout, 2001).
As seen in this research, the majority of the dust events follow the daily cycle described before.

Most of them occur in the afternoon hours.

Figure 2.18 shows a correlation between the average relative humidity and precipitation
per year versus the dust events frequency from 2001-2010. This graph exhibits the same inverse
relation observed with the precipitation figures considered before, between the RH average and
the dust frequency-more dust events with less relative humidity. The relative humidity did not

vary significantly during this period.

Figures 2.19-2.20 show the PM 2.5 and PM 10 plotted as a function of the % of relative
humidity. Note that the RH % varies between 5% to 40% on both Particulate Matter
concentrations. Figure 2.21 shows the previous 2 figures together. Figure 2.22 shows the
percentage of Relative Humidity of Convective and Non-Convective events vs. Relative
Humidity averages for the hour of the first dust observation for the duration of the event. It can
be noted that on Non-Convective events (red squares) the RH average conglomerated between 5

to 25 %, where in Convective events it was more scattered between 10 to 40%.

Average Relative Humidity % for the day from Convective and Non-Convective events
vs. PM 2.5 and PM 10 concentrations are shown in Figures 2.23(a-b) - 2.24(a-b). On Non-
Convective events (Figure 2.23 (a-b)) note that most of the events were associated with a

minimum relative humidity below 35% for both PM 2.5 and PM 10 concentrations. In fact, most
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PM 2.5 values above 50 pg/m® fell below 35% RH (Figure 2.23 (a)) and most of the PM 10
values above 500 pg/m?® fell below 35 % too (Figure 2.23 (b)). On Convective dust events
(Figure 2.24 (a-b)) most of the events were associated with a minimum relative humidity below
40%. It is also clear from the figures that it is possible to have low relative humidity without a
large Particulate Matter concentration. Low relative humidity seems to be a necessary condition

for a high dust PM concentration, but not a sufficient condition.

Figure 2.25 shows Visibility (<6 miles) plotted as a function of Relative Humidity for all
the events from 2001-2010. This figure does not show a clear pattern, other than most of the
events having a relative humidity range between 5 to 40 %, similar to previous plots. In general,
all the figures showed that the drier, the higher the concentrations of PM which seems logical.
This seemed a little more evident for the small (finer) PM 2.5 concentration. As seen in Figure
2.26 the wind speed and wind gust correlates very well. Table VII to IX show different
correlations of relative humidity vs. PM 2.5 and PM 10. Figure 2.26 shows a plot correlating the
measure wind speed and wind gust for all the events (1932-2010). This wind speed and wind
gust correlation takes us to obtain the gust factor for dust storm events in El Paso, TX. The gust

factor obtained is 1.2. As observed is the plot, the correlation is pretty constant.
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Table VII

Correlation
relative humidity (RH %)
average for the hourof | Average PM 10 (ug/m?) for
the 1st dust observation the hour of the 1st dust Average PM 2.5 (ug/m?) for the hour of
forthe duration of the | observation for the duration the 1st dust observation for the
event of the event duration of the event
relative humidity (RH %) average for the
hour of the 1st dust observation for the
duration of the event 1
Average PM 10 (ug/m?3) for the hour of
the 1st dust observation for the duration
of the event -0.116594794 1
Average PM 2.5 (ug/m?3) for the hour of
the 1st dust observation for the duration
of the event -0.211582566 0.894054136, 1
Table VIII
Non-Convective Events
relative humidity (RH %) Average PM 2.5 Average PM 10
average for the hour of | RH average |(ug/m?3) for the hour of |(ug/m?) for the hour of
the 1st dust observation | forthe day the 1st dust the 1st dust
for the duration of the (TCEQ) observation for the observation for the
event duration of the event | duration of the event
relative humidity (RH %)
average for the hour of the 1
1st dust observation for the
duration of the event
RH average for the day
0.73609637 1
(TCEQ)
Average PM 2.5 (pg/m3) for
the hour of the st dust -0.299054547 -0.179078677 1
observation for the
duration of the event
Average PM 10 (pg/m3) for
the hour of the 1st dust
observation for the
duration of the event -0.065755362( 0.010378132 0.831388923 1
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Table IX

Convective Events

for the duration of the event

relative humidity (RH Average PM 2.5 Average PM 10
y (ug/m?) for the |(ug/m?3) for the hour
%) average for the
RH average for the hour of the 1st of the 1st dust
hour of the 1st dust . .
. day (TCEQ) dust observation | observation for the
observation for the . .
. for the duration duration of the
duration of the event
of the event event
relative humidity (RH %) average
for the hour of the 1st dust 1
observation for the duration of the
event
RH average for the day (TCEQ) 0.64864862
Average PM 2.5 (ug/m3) for the
hour of the 1st dust observation -0.07353306 -0.281653192 1
for the duration of the event
Average PM 10 (ug/m3) for the
hour of the 1st dust observation -0.03189756 -0.137093131 0.921025171 1
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2.1.4 Summary

A synoptic climatology of significant dust event was compiled at the National Weather
Service Office of El Paso, TX, based on observational data from El Paso International Airport
collected since 1932. As seen in the analysis of this data, ElI Paso, TX dust record appears to
follow a regular annual dust cycle, characterized by frequent dust events throughout the spring
season and fewer during the summer and winter. This annual dust cycle results from seasonal
changes in environmental conditions. The environmental factors studied here related to these
seasonal changes were particulate matter, wind speed, relative humidity and precipitation. Most
of the dust events studied were associated with periods of low relative humidity (<35%), no

precipitation and wind speeds greater than 10 mph.

Most dust events are associated with a combination of strong winds, low land cover, and
dry conditions, all of which occur most frequently during the spring season. Wind speed alone
cannot be a perfect indicator of high dust levels, since other environmental factors such as
surface cover and moisture can significantly reduce regional dust levels, even during high wind

speeds.

The concentration of particulate matter with a size from 2.5 up to 10 micrometers
in El Paso/Juarez metropolitan area on windy days is a clear proxy for blowing dust in the
atmosphere. Non-Convective cases had a higher PM10 concentration and lower PM2.5
concentration, as non-convective cases can be larger in space and time and allow for a greater

probability for obtaining larger particles. It was also suspected that the earlier in the season
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storms would have a larger concentration of smaller particles; which over a single season might
decrease in time, at least for the same source region, as they are depleted from the source soils as
observed in Figures 2.6 (b-e). As seen in the PM plots, on Convective days we had more PM 2.5
(Finer particle) meaning that this type of cases can affect more the community because those
smaller particles are the ones we breathe and can affect people’s health, specially the kids and
the elderly). Also this can raise the public’s awareness of potential dust hazards and their causes

in order to help residents be better prepared for action when needed.

It is known that dust storms are environmental hazards that cause air quality and visibility
problems across the southwestern part of the United States. Defining and studying the
environmental factor that help to produce dust events is very important because it will aid in
forecasting dust storms in the El Paso, TX/Juarez, Chihuahua, MX metropolitan area, and similar
studies could be followed for other dust-prone cities. In addition, an evaluation of the
climatology of dust-prone cities can help the meteorological community to improve their

forecasting of extreme dust events around the world.
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Figures

Visibility < 6miles vs. PM 2.5 and PM 10 Ratio, All events
2001-2010
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Visibility < 6m vs. PM 2.5 and PM 10 Concentrations,
Convective Events 2001-2010
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Visibility < 6m vs. PM 2.5 and PM 10 Concentrations, Non-
Convective Events 2001-2010
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PM 2.5 and PM 10 Concentrations of Convective vs. Non-

Convective Events 2001-2010
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PM 2.5/PM 10 Convec. vs Non-Convec Winter 2001-20010
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PM 2.5/PM 10 Convec. vs Non-Convec Spring 2001-2010
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PM 2.5/PM 10 Convec. vs Non-Convec Summer 2001-2010
70
60 °
y=0.1307x+3.0337
R?2=0.8881
50
&
B 40 @
2 @ Convective
E B Non-Convec.
[
?39 30 Vs —— Linear (Convective)
5 ¢ Linear (Non-Convec.)
*
20 ]
y=0.0899x +6.2769
R?2=0.8332
10
0
0 50 100 150 200 250 300 350 400 450
Average PM 10 (pg/m?)
Figure 2.6(d)

64




PM 2.5/PM 10 Convec. vs Non-Convec Fall 2001-2010
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70

Convective vs. Non-Convective PM 2.5 and PM 10 Concentrations at
hour of minimum visibility, 2001-2010
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Convective vs. Non-Convective PM 2.5 and PM10 Concentrations;
Hourly data for the duration of the event (2001-2010)
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Precipitationvs. Hours of Dust per year 1932-2010
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Precipitation vs. # Dust events per year 1932-2010
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Correlation of # of dust events in 2003 vs. Average
precipitation 2000-2002
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Correlation of # of dust events in 2003 vs. Average
precipitation 1997-2002
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Correlation of # of dust events in 2003 vs. Average
precipitation 1990-2000
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Correlation of # of dust events in 2008 vs. Average precipitation 2006-2007
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Correlation of # of dust events in 2008 vs. Average precipitation 2005-2007
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Correlation of # of dust events in 2010 vs. Average precipitation 2005-2007
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Correlation of # of dust events in 2010 vs. Average precipitation 2005-2009

6 16.00
r 14.00
5 -
F12.00

//\ \

== of dust events 2010
== Precip average 2005-2009

# of dust events 2010
w

Average precipitation (cm) 2005-2007

2 &

r 4.00
1 4

r 2.00
0 L 4 0.00

0 1 2 3 4 5 6 7 8 9 10 11 12
Months
Figure 2.17

76



Average RH and Precipitation vs. Frequency of Dust Events 2001-2010
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Average PM 2.5 (ug/m3) vs. Relative Humidity % (2001-2010)
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PM 2.5 and PM 10 vs. Relative Humidity % 2001-2010
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RH % of Convective vs Non-Convective Dust Events (2001-2010)
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PM 2.5 and Day average RH % for Non-
Convective dust days (2001-2010)
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PM 2.5 and Day average RH % for Convective dust
days (2001-2010)
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Wind and wind gust at min visibility
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Chapter 3

3.1 Back Trajectory analysis of air transport patterns that bring dust storms to El
Paso, TX

3.1.1 Introduction

The Chihuahuan Desert of North America has been described as a critical climatic
boundary region between the subtropics and the middle latitudes (Castiglia and Fawcett, 2006).
The area receives most of its annual precipitation in the summer (MacMahon and Wagner, 1985)
through the monsoon circulation off the Gulf of Mexico (Schmidt, 1986; Warner, 2004), while
the other months of the year are generally much drier. El Paso, Texas, USA and Ciudad Juarez,
Chihuahua, Mexico (collectively the “Paso del Norte” metropolitan area) comprise the largest
metropolitan area in the Chihuahuan Desert, with a population of over 2 million. In this area,
dust storms are one of the principal hazardous weather phenomena, causing significant airborne
particle pollution in the region (Novlan et al., 2007; Rivera Rivera et al., 2009, 2010; Yin et al.,
2007). From 1932 through 2005, aeolian transport of particulate matter sufficient to restrict
visibility (classified as “blowing dust,” “dust storm,” *“dust haze,” “dust” “blowing sand,” or
“sandstorm”: hereinafter referred to as “dust events”) and lasting at least 2 hours were recorded
at the El Paso International Airport (ELP) at an average of 15 days per year (Novlan et al.,
2007). This dust has effects on the local economy and infrastructure, and may adversely affect

the health of the Paso del Norte’s residents (Peng et al., 2010).

Novlan et al. (2007) describe three monsoon regimes (in the sense of prevailing wind

change) in the El Paso area, with a dominant northerly wind flow in the cooler seasons of
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October through February, a shift to west-southwest in the spring or peak dust season of March
into early June, and another distinct shift to prevailing southeast winds in the classic North
American Monsoon (rainy) season of July through mid September. The development of dust
storms depends on many causal factors encompassing meteorological and land surface
conditions. Favored conditions include strong wind, turbulent air currents, small soil particles

and loose topsoil texture (Gillette, 1999; Xia et al, 1996; Xiao and Chang, 2008).

Dust events are most common in the Chihuahuan Desert lowland areas during the dry
season (roughly November through May), during which dust can be raised and/or transported
throughout the region primarily by synoptic-scale weather systems (non-convective dust events)
(Lee et al., 2009; Rivera Rivera et al., 2009). These events usually start with the formation of a
cold front and its associated surface low pressure center over the Pacific Ocean west of the.
Pacific Northwest of the USA. The front moves southeastward and sweeps through the
southwestern USA and northern Mexico, with a strong pressure gradient associated with a
developing cyclone crossing north of the Chihuahuan Desert (Warner, 2004), creating high wind
speeds that cause widespread wind erosion (Alfaro et al., 1997; Doggett et al., 2002; Rivera

Rivera et al., 2009, 2010; Yin et al., 2007).

During the summer monsoon, thunderstorms entrain and transport dust (convective dust
events) (Idso et al., 1972) over more localized areas than synoptic-scale dust events do (Table ).
Convective dust events are less frequent in the El Paso area than synoptic events. They can
originate from thunderstorm outflow boundaries (haboobs), dry or wet microbursts, or some

combination (Novlan et al., 2007). The idealized synoptic patterns of the North American
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monsoon (Adams and Comrie, 1997) which drive convectively-spawned dust events in Arizona
(Brazel and Nickling, 1986) can also help to explain the formation of convective dust events in
the Chihuahuan Desert. Individual thunderstorm cells and merged Mesoscale Convective
Systems (MCS’s) typically form initially over the higher terrain, and move out of the mountains
towards the desert lowlands via discrete propagation; haboobs are created when gust fronts from
mature thunderstorms advance across erodible desert soils. Table | shows the factors that affect

both non-convective and convective events.

Table I: Factors that affect convective and non-convective dust events in El Paso, Texas.

Factors

Synoptic-Scale Dust Events

Convective Dust Events

Speed of onset

* Recognizable weather
patterns predictable 24 to 36
hours in advance
» Specific plume locations not
precisely identifiable in
advance

* Recognizable weather patterns
predictable 24 to 36 hours in
advance

* Individual thunderstorms
predictable over an area 0 to 3
hours in advance

» Specific locations identifiable
minutes in advance

Multiple plumes of dust
spreading downwind from

Individual thunderstorm cells or

soils are dry and vegetation
cover at minimum
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Spatial 'hotspot’ point sources and complexes, on the order of 1 km?
Coverage sometimes coalescing, (microburst)-1500 km?
individual plumes covering an | (mesoscale convective system)
area of ~500-5000 km?
* Microbursts — range from
Ranges from 3 to 4 hours up to | minutes to possibly an hour
Duration 2 to 3 days, usually with » Haboobs — 1 to 3 hours
nocturnal lulls * Organized convective systems
2 t0 4 hours
 Occur mainly during the late | Occur mainly in association with
winter and early spring when late afternoon or evening
Timing pressure gradients are extreme, | thunderstorms, generally during

the summer North American
Monsoon, but can occur at any




time if convective storms with
« Conditions worsen during sufficiently dry antecedent
late morning and are most conditions

intense during late afternoon

The analysis of a large number of back trajectories of air masses arriving at a receptor site
is a valuable tool for investigating the sources and origins of particulate matter arriving at the
site, allowing the identification of geographical areas associated with extreme values of
particulate matter or its components, and identifying the source regions and air flow regimes
associated with regional pollution transport (Salvador et al., 2010). In this work, we investigate
and statistically analyze air transport pathways into ElI Paso during days with convective and
non-convective dust events, as well as days in which dust was not reported, in order to aid

forecasting of dust storms (Makra et al., 2010; Wong et al., 2012).

3.1.2 Data and Methology
3.1.2.1 Dust events data extraction

Daily weather records for El Paso, TX from the NWSO were examined for the period
2001 though 2005 to determine the days in which blowing dust was present in at least one hourly
observation at ELP. During that period of time dust events were observed at ELP on 219 days.
Fifty five percent of the events were synoptically driven while forty five percent were
convectively-driven. Figure 3.1 shows the monthly distribution of these events, illustrating the
different seasonality of convectively-driven and synoptically-driven dust. This graphic
demonstrates the two distinct monsoonal flow regimes in El Paso separated by four months;
namely, the dry monsoon with southwest prevailing winds and the wet monsoon of summer with

southeast prevailing winds. The wet monsoon can produce a nearly identical dust distribution to
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the dry season, again demonstrating the complexity of dust producing mechanism in the

Chihuahuan Desert.

Mean Dust Days/Month at El Paso

o
i
black circles = convective
red squares = non-convective
w —
_ -

7\

© - / \
/ \ *— o

Days
|
~
~
Sm
AN
-
-~
//

< - / \ [}
/ ]
] / \
// \
N — /'. \\
-’ / * o . Ja———n
[ ] 7
| ° \\\ Bl//
~a=
o @ 0\./ Ng———g " \. °
I [ [ [ [ [ [ [ [ [ [ [
1 2 3 4 5 6 7 8 9 10 11 12

Month (2001-2005)

Figure 3.1: Monthly frequency of dust days at EI Paso during 2001- 2005, convective and non-

convective.

3.1.2.2 Back Trajectories
The NOAA Air Resources Laboratory’s HYbrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT) model is a complete system for computing both simple air parcel
trajectories and complex dispersion and deposition simulations (Draxler and Rolph, 2003). As
stated in the model summary guide

(http://www.arl.noaa.gov/documents/Summaries/HYSPLIT_FINAL.pdf), the model calculation
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method is a hybrid between the Lagrangian approach, which uses a moving frame of reference as
the air parcels move from their initial location, and the Eulerian approach, which uses a fixed
three-dimensional grid as a frame of reference. In HYSPLIT, advection and diffusion
calculations are made in a Lagrangian framework following the transport of the air parcel, while
pollutant concentrations are calculated on a fixed grid. HYSPLIT supports a wide range of
simulations related to the atmospheric transport and dispersion of pollutants and hazardous
materials including dust, as well as the deposition of these materials to the Earth’s surface

(Draxler and Hess, 2004; Draxler et al., 2001).

The data used to create the back trajectories were gridded meteorological data from either
analyses or short-term forecasts from routine numerical weather prediction models from NOAA
Air Resources Laboratory. Each trajectory was started from the receptor site (ElI Paso TX,
31.86° N, -106.44° W). Start heights of 100m, 200m, and 500m above ground level at the
receptor site were combined, and hourly air parcel positions, referred to as endpoints, were
calculated back in time for 24 hours. The source areas of visibility-degrading dust advecting into
El Paso (Gill et al., 2008; Rivera Rivera et al., 2010; Baddock et a., 2011) lie well within these

trajectories.

Back trajectories were created with the HYSPLIT model for each day in the 2001-
2005 period; they were grouped on days with dust events, convective dust events and no dust
events occurred. Back trajectories’ contour plots for all days with at least one dust event
observation were compared to those days in which dust was never observed. To investigate the

presence of large scale transport patterns into El Paso associated with dust event days and days
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without dust, residence time, probability and source contribution function analyses of the
trajectories were performed (see figures 8-16). For a detailed explanation of how this was

computed, see Rivera Rivera et. al 2009.

3.1.2.3 Statistical Analysis

To investigate large- scale air transport patterns into El Paso associated with dust event
days (synoptically-forced and/or convective) and days without dust, we performed residence
time, probability, and source contribution function analyses of the trajectories. The residence
time probability (Pi,j) is defined as the number of back trajectory endpoints in a given grid cell

(in this case, 0.25 deg latitude by 0.25 deg longitude) over a specified time interval:
1 T
Pi,j_ﬁ;ni,j,t

where n;j; is the number of endpoints falling in a grid cell at longitude i and latitude j before the
trajectory arrived at the receptor during measurement period t, T is the total number of time
periods, and N is the total number of endpoints throughout the domain for all time periods
(Ashbaugh et al., 1985; Rivera Rivera et al., 2009). Residence times can also be generated for
groups of days meeting selected criteria, in this case, days with or without dust events. These are
referred to as high concentration and low concentration residence times respectively, while those
generated for all days are the overall residence times. Differential and conditional residence time
probabilities (Poirot et al., 2001; Schichtel et al., 2006) were also computed. Differential
probability is the difference between two residence times, in this case being overall residence
time probability subtracted from a high concentration (dust event) residence time probability.
Similarly, conditional probability is the ratio of two residence times- in this case, the ratio of

high concentration (dust event) residence time to overall residence time. With regards to the

92



areas through which air moves during dust events, the higher the differential probability, the
greater the probability of dust at the receptor as compared to a day with typical transport.
Conditional probability is the probability that an air mass would arrive during a dust day if the
air mass traveled through the area and eventually arrived at the receptor. Conditional probability
does not reveal the frequency of transport, only the probability of the condition (dust) for days
when there was transport from a given area. Residence time and differential probability are

higher when the transport from the area is both more frequent and meets dust criteria.

A dimensionless source contribution function (Si,j) was computed by normalizing Pi,j by
a hypothetical probability function of air parcels arriving at the receptor site from all directions
equally (Ashbaugh et al., 1985). The source contribution function is proportional to residence
time multiplied by the distance, and serves to remove the otherwise-unavoidable probability peak
at the receptor site. A source contribution function with a value greater than one corresponds to a
transport pattern that is more likely than if air masses arrived from all directions with equal

probability, and may be considered statistically significant.

Probabilities and source contribution functions were determined for all days, all days
with dust, all days with convective dust events, and all days with no dust observed. Positive
probability values show those areas from which air masses were proportionally more likely to
arrive during a given condition (dust, no dust, convectively-driven dust). Contour plots of the
source contribution function and probabilities during days with different types of dust events,
compared to those for all days and/or non-dusty days, illustrate airflow patterns associated with

dust being observed at ElI Paso. Higher residence time, source contribution function and
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probability values over certain regions in the contour plots correspond to a higher likelihood of

air parcels arriving from those regions during a certain class of events.

3.1.3 Results

Contour plots of the HYSPLIT trajectory endpoints and residence time, source
contribution function, incremental probability, and conditional probability showed different
airflow patterns during all dusty days and with convectively-raised dust, as compared to overall

and dust-free day trajectories into El Paso during 2001- 2005.

3.1.3.1 Overall Data for El Paso, 2001- 2005
The pattern of air mass trajectories arriving in EIl Paso on all days over the five-year
period was shown to be more or less relatively symmetrically distributed around the receptor

site, with maxima to the west and east of the city (Figures 3.2 and 3.3).
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Figure 3.2: Contour plot of overall residence times for 2001- 2005.
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Overall Source Contribution
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Figure 3.3: Contour plot of overall source contributions for 2001- 2005.

Overall residence times were skewed to the southwest (210° to 280°; primarily synoptic
events) and skewed to the southeast (100° to 170°; primarily convective events) during high
concentration (dust observed) days (Figure 3.4) but not during low concentration (no dust

observed) days (Figure 3.5).
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Figure 3.4: Contour plot of residence times for all days during which dust was observed for

2001- 2005.
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Figure 3.5: Contour plot of residence times for all days during which dust was not observed for

2001- 2005.

Source contributions for high concentration days (Figure 3.6) were skewed to the west
and southwest of El Paso. An area with source contribution function >1 (significant) can be seen
in northwest Chihuahua, Mexico east of the Sierra Madre Occidental mountain range. This is an
area of dry lakes (playas), braided desert streams, and anthropogenically-disturbed agricultural
soils which has been identified as a “hotspot” of wind erosion in the Chihuahuan Desert
(Baddock et al., 2011; Bullard et al., 2011; Dominguez, 2009; Gill et al., 2008; Lee et al., 2009;
Prospero et al., 2002; Rivera Rivera et al., 2010) and during the period of study was also

experiencing the most severe drought conditions in Mexico in the early 21% century (Seager and
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Heim, 2009). Dust from these “hotspots” is advected up to several hundred kilometers into the
Paso del Norte, and occasionally far beyond (Doggett et al., 2002; Lee et al., 2009; Park et al.,
2007). A slight secondary swath can be seen extending to the northeast into the Texas Panhandle:
this trajectory is associated with so-called “backdoor” cold fronts which regularly advect into El
Paso and occasionally bring dust generated in the North American Great Plains during the winter
and spring (Wigner and Peterson, 1987). Source contributions for low concentration days (not

shown) were similar to overall source contributions (Figure 3.3).

High Concentration Source Contribution
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Figure 3.6: Contour plot of source contributions for all days during which dust was observed for

2001- 2005.
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Differential probability contour plots are shown in Figures 3.7 and 3.8. The differential
probability for high-concentration days (Figure 3.7) was again strongly positively correlated with
the known dust source region southwest of El Paso: note the negative correlation with all the
other immediately surrounding areas. The differential probability for low-concentration days

(Figure 3.8) also was most anti-correlated with trajectories arriving from the southwest.
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Figure 3.7: Contour plot of differential probability for all days during which dust was observed

for 2001- 2005.
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Low Concentration Differential Probability
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Figure3.8: Contour plot of differential probability for all dust-free days in 2001- 2005.

The trajectories for high concentration events (Figures 3.6 and 3.7) come from the Pacific
Ocean across Baja California, consistent with deep troughs bearing high-momentum air entering
the Chihuahuan Desert from the southwest. Some of these trajectories moved more than 600 km
into El Paso from the southwest over a 24-hour period. These fastest-moving (farthest-distance)
trajectories bringing dust to EI Paso would be consistent with air parcels moving toward cyclones

crossing and/or developing northeast of the region. The most intense synoptic-scale dust events
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in ElI Paso are associated with lee cyclones deepening over New Mexico and the Texas

Panhandle (Doggett et al., 2002; Rivera Rivera et al., 2009; Lee et al., 2009).

3.1.3.2 Convectively-Driven Dust Events
Differential and conditional probabilities for days in which convectively-driven dust

events were observed are shown in Figures 3.9 and 3.10.
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Figure 3.9: Contour plot of differential probability for all days during which convectively-driven

dust was observed for 2001- 2005.
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Figure 3.10: Contour plot of conditional probability for all days during which convectively-

driven dust was observed for 2001- 2005.

Note that convectively-driven dust events (occurring primarily during the wet,

summertime North American Monsoon) are most associated with airflow from the southeast-

from the Gulf of Mexico and up the Rio Grande Valley- as opposed to air flow from the

southwest across northwestern Mexico (note the area of negative differential probability in

Figure 3.9). Conditional probabilities for convective dust days (Figure 3.10) are most positively

associated with 24-hour trajectory endpoints >600 km south and east of El Paso. These fastest-
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moving (farthest-distance) trajectories bringing convectively-driven dust to ElI Paso would be

consistent with maritime tropical air mass surges from the direction of the Gulf of Mexico.

Heavy summer convective precipitation in the Chihuahuan Desert is often associated
with moisture surges advecting from the Gulf of California region (Stensrud et al., 1997) south
and southwest of EIl Paso. However, thunderstorms associated with Gulf of California moisture
surges are less likely to generate dusty outflows than thunderstorms associated with air masses
arriving from the southeast. Indeed, other analyses have shown an anti-correlation between
particulate matter concentrations and moisture levels in El Paso (Wise and Comrie, 2005) and an
explicit anti-correlation between dust concentrations in El Paso and precipitation from Gulf of

California monsoon moisture surges during 1998- 2006 (Lozano et al., 2007).

3.1.4 Summary

Although 24-hour air mass back trajectories into El Paso, Texas during 2001- 2005 were
overall relatively symmetrically distributed around the city, for days in which dust was observed
during this drought period (about 12% of all days) the trajectories were most associated with
southwesterly flow from an area of known dust sources in the Chihuahuan Desert. An area with
source contribution function >1 (more likely than random upwind location for air residence)
during dust days existed in northwest Chihuahua, Mexico near the eastern slope of the Sierra

Madre Occidental.
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Convectively-driven dust events, most frequent in ElI Paso during the summer North
American Monsoon, were most prevalent with airflow from the south and east, as opposed to
Gulf of California moisture surges which bring heavy precipitation and convection that is less
dusty. The fastest- moving trajectories during days with dust in El Paso advected a distance of
>600 km in 24-hours (7 m/sec), consistent with air parcels moving toward intensifying lee
cyclones over the southwestern Great Plains or (for convectively-driven dust events) moisture

surges from the Gulf of Mexico region.

This type of modeling and analysis has high utility in dust weather forecasting. When
meteorological and land-surface conditions are conducive to dust storm generation, then a mean
wind vector can be generated from the surface (around 880 mb at El Paso) to the forecast mixing
height which usually is around 700-600 mb. If this vector is within a high source contribution
area identified here, then the meteorologist can have increased confidence of a potential dust
event, which would have implications for air quality, aviation, and health and safety through
high particulate concentration and visibility reduction. The recognition of these characteristic air
mass trajectories will aid in forecasting dust storms in the Paso del Norte metropolitan area, and

similar methodologies could be followed for other dust-prone cities.
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Chapter 4

4.1  Modeling analysis of El Paso dust storm meteorological data using the Weather

Research and Forecast (WRF) model coupled with Chemistry (WRF-Chem)

4.1.1 Introduction

Modeling and forecasting of air quality involves meteorological factors such as wind
speed, wind direction, precipitation, emission (source regions) contributions, and chemical
processes, e.g, deposition and transformation. In the atmosphere, the chemical and physical
processes are coupled; the chemistry can also affect the meteorology and vice versa (Grell et al.,
2005). The separation of the meteorology and chemistry can cause a loss of important
information about atmospheric processes that quite often have a time scale of much less than the
output time of the meteorological model (Grell et al., 2005). In addition, the modeling of
atmospheric aerosols requires appropriate representations of aerosol size distribution and

microphysics in three-dimensional air quality models.

Many models have been developed to study dust storms and their effects (Xie et al.,
2009). Some of these models include: the Community Aerosol and Radiation Model for the
Atmosphere (CARMA) (Barnum et al., 2004), Navy Operational Global Atmospheric Prediction
System (NOGAPS) (Rosmond et al., 2002); SKIRON, a weather model with dust forecast based
on the Eta model (Nickovic et al., 1997); Global Forecast System (GFS) (Raman and Arellano,

2011), among others. Over the past years, several research institutes have collaborated in the
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development of a new state-of-the-art meteorological model, the Weather Research and
Forecasting (WRF) model (Grell 2005). All these dust models mentioned are developed by
coupling dust simulation modules to weather forecasting models, and high performance

computers are needed in order to run them (Xie et al., 2009).

4.1.2 WRF and WRF-Chem model description

The Weather Research and Forecasting (WRF) Model (WRF, 2009) is a next-generation
mesoscale numerical weather prediction system designed to serve both operational forecasting
and atmospheric research needs. It features multiple dynamical cores, a 3-dimensional
variational (3DVAR) data assimilation system, and a software architecture allowing for
computational parallelism and system extensibility. WRF is suitable for a broad spectrum of
applications across scales ranging from meters to thousands of kilometers (WRF, 2009). WRF
allows researchers the ability to conduct simulations reflecting either real data or idealized
configurations. WRF provides operational forecasting a model that is flexible and efficient
computationally while offering the advances in physics, numerics, and data assimilation

contributed by the research community (WRF, 2009).

The principal components of the WRF system are shown in Figure 4.1. The WRF
Software Framework (WSF) provides the infrastructure that accommodates the dynamics solvers
and chemical packages that interface with the solvers, to obtain the air quality model, WRF-
Chem. There are two dynamics solvers in the WSR: the Advanced Research WRF (ARW)

solver (originally referred to as the Eulerian mass or “em” solver) developed primarily at the
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National Center for Atmospheric Research (NCAR), and the NMM (Nonhydrostatic Mesoscale
Model) solver developed at the National Center for Environmental Prediction (NCEP).
Community support for the former is provided by the MMM Division of NCAR and that for the

latter is provided by the Developmental Testbed Center (DTC).

WRF-Chem is an air quality model that uses WRF as a meteorological driver and which
also simultaneously simulates the emission, turbulent mixing, transport, transformation, and fate

of trace gases and aerosols (PNNL, 2009). Some of the objectives of this model are to:

Integrate WRF-Chem simulations and a wide range of field campaign measurements to

develop a better understanding of local and regional-scale evolution of particulates and

aerosol radiative forcing that are sub-grid scale processes for global climate models.

o Employ the modeling framework of WRF-Chem to develop new treatments of aerosol
processes for global climate models.

o Perform process studies investigating aerosol aging, aerosol-cloud interactions, and

aerosol radiative forcing.

Explore the feasibility of using a version of WRF-Chem as a regional climate model.

Version 3.0 of WRF-Chem was released on 4 April 2008. Its Chemistry Package consists of

the following components (WRF/Chem version 3.1, 2009):

e Dry deposition, coupled with the soil/vegetation scheme.
e Aqueous phase chemistry coupled to some of the microphysics and aerosol schemes.

e Four choices for biogenic emissions:
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o No biogenic emissions.

o Online calculation of biogenic emissions (as in Simpson et al., 1995 and Guenther
et al., 1994) which includes emissions of isoprene, monoterpenes, and nitrogen
emissions by soil.

o Online modification of user specified biogenic emissions - such as the EPA
Biogenic Emissions Inventory System (BEIS) version 3.13. The user must
provide the emissions data for their own domain in the proper WRF data file
format.

o Online calculation of biogenic emissions using the MEGAN v2.04 biogenic

emissions routine.

e Two choices for anthropogenic emissions:

o No anthropogenic emissions.
o User specified anthropogenic emissions - such as those available from the EPA
NEI-99 data inventory. The user must provide the emissions data for their own

domain in the proper WRF data file format.

e Two choices for gas-phase chemical reaction calculations.

o The RADM2 chemical mechanism.

o The CBM-Z mechanism.

e Several choices for gas-phase chemical reaction calculations through the use of the
Kinetic Pre-Processor, or KPP.

¢ Three choices for Photolysis schemes:
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o Madronich scheme coupled with hydrometeors, aerosols and convective
parameterizations.

o Fast-J Photolysis scheme coupled with hydrometeors, aerosols and convective
parameterizations.

o FTUV scheme coupled with hydrometeors, aerosols and convective

parameterizations.

e Three choices for aerosol schemes:

o The Modal Aerosol Dynamics Model for Europe - MADE/SORGAM.
o The Model for Simulating Aerosol Interactions and Chemistry (MOSAIC - 4 or 8
bins) sectional model aerosol parameterization.

o The GOCART aerosol model (experimental) aerosol parameterization.

The Georgia Tech/Goddard Global Ozone Chemistry Aerosol Radiation and Transport
(GOCART) model (Ginoux et al., 2001) simulates the global distribution of aerosols. The
GOCART model is driven by the assimilated meteorological fields from the Goddard Earth
Observing System Data Assimilation System (GEOS DAS) which facilitates direct comparison
with observations. The model includes seven size classes of mineral dust ranging from 0.1-6 /um
radius. The model has been evaluated by comparing simulation results with ground-based
measurements and satellite data. The evaluation has been performed by comparing surface
concentrations, vertical distributions, deposition rates, optical thickness, and size distributions.
The comparisons show that the model results generally agree with the observations (Ginoux et

al., 2001).
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e There is a tracer transport option in which the chemical mechanism, deposition, etc. has
been turned off. The user must provide the emissions data for their own domain in the

proper WRF data file format for this option.

In WREF version 3.0 chemistry, the MOSAIC aerosol scheme is coupled to the NASA Goddard

atmospheric radiation scheme.

Possible applications of the current modeling system include:

o Prediction and simulation of weather using WRF, or regional or local climate.

o Coupled weather prediction/dispersion model to simulate release and transport of
constituents.

o Coupled weather/dispersion/air quality model with full interaction of chemical species

with prediction of Oz and UV radiation, as well as PM.

For a more detailed explanation of the WRF-Chem see Grell et al., 2005.
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4.1.3 Modeling Research — Case study

In this part of the research, the WRF-Chem model was run for a case study that was
selected from a database of dust events in El Paso, Texas maintained by the El Paso, Texas
National Weather Service Forecast Office. The selected case study was a dust event that
occurred on February 4, 2008. Very strong gusty winds across much of northern Mexico, eastern
New Mexico and Northwest Texas generated widespread dense blowing dust in the afternoon on
that day. Gusty winds of about 59 miles per hour were reported at Fort Bliss in El Paso (Texas
Commission on Environmental Quality (TCEQ) website). The PM 2.5 and PM 10 measures on
that day were catalogued as Moderate based on the U.S. Environmental Protection Agency
(EPA)’s Air Quality Index (AQI). The highest measured daily average PM10 concentration in El
Paso County was 107 micrograms per cubic meter (ug/md) at the UTEP Continuous Ambient
Monitoring Station (CAMS) 12. The average PM 10 for the hours of the event at CAMS 12 was
448 pg/ms. The highest measured PM10 hourly average was 791 pg/m3 at Socorro CAMS 49 for
the hour from 5:00 p.m. to 6:00 p.m. Mountain Standard Time (MST). The visibility measured
at Chamizal CAMS 41 dropped as low as 1.4 miles at 4:35 p.m. MST. The visibility measured
at Guadalupe Mountains CAMS 5018 dropped as low as 3.8 miles at 8:40 p.m. Central Standard
Time CST, indicating that the blowing dust reached as far east as the Guadalupe Mountains
(TCEQ webpage). This case study was the only one selected because of the computer power and
running time required the WRF-Chem model. Figure 4.2 is a satellite image that shows the dust

event on February 4, 2008.
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The WRF-Chem model was run for the day of February 4, 2008 from a 4km radius from
the latitude 31.86° N Longitude 106.44° W more or less at a surface height of 2 meters. The data
obtained as result of the model run was: Planetary Boundary Layer Height (PBLH), Temperature
in degrees Kelvin at 2 meters above the ground (T2(K)), Relative Humidity at 2 meter above the
ground (RH(2)), Horizontal wind speed (meter per second) at the respective pressure levels (3D
Winds), Pressure at our elevation reduced to sea level pressure (SLP) and surface wind speed
(meters per second) (Wdspd) (see Tables I-VI). All the data outputs times were Coordinated
Universal Time (UTC) which was then changed to local time. PBLH, also known as
Atmospheric Boundary Layer (ABL) is the lowest part of the troposphere and its behavior is
directly influenced by its contact with a planetary surface. The PBL is thermally induced during
the day, influenced by the presence of the Earth's surface, responding to forces and processes
such as frictional drag, solar heating, and evapotranspiration. Each of these forces generates
turbulence of various-sized eddies, which can be as deep as the boundary layer itself, lying on
top of each other. The ABL depth is variable in time and space, ranging from tens of meters in
strongly statistically stable situations, to several kilometers in convective conditions over deserts
(Stull, 1988). Figures 4.3-4.4 show a schematic example of the PBLH and its interaction with the

Earth surface forces and processes.

The data results from the WRF-Chem model run were plotted and different graphs were
created using the Excel program (see Figures 4.5-4.10). Data obtained from the TCEQ for wind
speed, relative humidity, temperature and Particulate matter data from most of TCEQ’s
Continuous Air Monitoring Stations (CAMS) located at EI Paso, TX were obtained to compare

them with the WRF-Chem model results (see Figures 4.11-4.15).
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The TCEQ’s Continuous Ambient Monitoring Stations (CAMS) document air and water
parameters via instruments measuring as explained in Chapter 2. This data is accessed online at

http://www.tceq.state.tx.us/compliance/monitoring/air/monops/hourly data.html. A search was

done for specific data such as relative humidity, wind speed, temperature and Particulate Matter

collected on Februrary 4, 2008. Data were obtained from these CAMS stations:

e CAMS 12, located at 250 Rim Rd. El Paso, TX (UTEP station) near The University of
Texas at El Paso (UTEP) at latitude 31° 46' 05" North and longitude 106° 30" 04" West.
e CAMS 40, located at 700 San Francisco Ave. El Paso, TX (Sun Metro station) at latitude
31° 45' 30.00" North and longitude 106° 30" 3.00" West;
e CAMS 41, located at 800 S. San Marcial Street, EI Paso, TX (Chamizal station) at
latitude 31° 45' 56.00" North and longitude 106° 27' 18.00" West;
e CAMS 49 located at 201 South Nevarez Rd. El Paso, TX (Socorro station) at latitude 31°
39'43.00" North and longitude 106° 18' 11.00" West;
e CAMS 72, 5050 A. Yvette El Paso, TX (Skyline Park station) at latitude 31° 53' 38.00"
North and longitude 106° 25' 32.00" West;
e CAMS 324, Haan Road Bldg 1780 Sewage Pump Station, ElI Paso, TX (Fort Bliss
station) at latitude 31° 48' 7.00" North and longitude 106° 25' 14.00" West.
e These stations had the measuremed data corresponding to the model outputs used in this
study. Some stations had the measurements of all the parameters, while some of them had

only one or two parameters.
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414 Results

4.1.4.1 WRF-Chem Model

Tables | to VI are the results obtained from the WRF-Chem model run for the day of
February 4, 2008. Different graphs of the data were created using the Excel program. Figure 4.5
shows the surface wind speed (4km) obtained from the WRF-Chem. It illustrates a sudden
increase in wind speed from 10 mph to 26 mph from 11:00 to 16:00 local time. Figure 4.6 shows
the surface wind speed modeled at 4 different pressure levels. You can see that the wind speed is
higher at lower pressure levels. Figure 4.7 shows the height of the PBLH through the day
modeled at 4km. It can be seen that the PBL height starts rising after 9:00 (local time) and starts

decreasing at about 14:00 (local time).

The relative humidity graph (Figure 4.8) shows that about 8:00 (local time) the relative
humidity started, reaching as low as about 60% at 14:00 and then rising back up to a steady
100% at about 19:00 (local time). Figure 4.9 shows the modeled to sea level pressure (SLP) at
4km. A drop in pressure can be observed at about 12:00 to 15:00 (local time). The surface
temperature plot (Figure 3.10) shows that the temperature was continuously increasing, reaching
its highest point at 14:00 (local time). In most of the plots the sharp changes occurred more or
less from 12:00 to 16:00 (local time), matching more of less the real time where the event started

to happen about 14:00 local time.
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4.1.4.2 TCEQ Continuous Air Monitoring Stations (CAMS) data

Tables V to X are the results obtained from the different TCEQ Continuous Air
Monitoring Stations for the February 4, 2008 day. Different graphs of the data were created
using the Excel program. Wind speed (mph), temperature (k), relative humidity (%) and
particulate matter (PM) data were obtained. These data are shown to compare the WRF-Chem
model output data with ground stations’ data to see how well or not the model performed. Figure
4.11 shows a wind speed (mph) comparison between the output data from the WRF-Chem model
and the data measurements from the TCEQ CAMS sites. As observed in the figure, the model
output at 4 km is similar with most of TCEQ stations wind speed measurements. The wind speed
predicted by the model at 12 km is of the early morning hours compared to the ground

measurements.

Figure 4.12 shows the Temperature (k) measurements obtained by the TCEQ stations in
comparison to the predicted temperature from the WRF-Chem model. In this case the model
prediction and the stations’ measurements where mostly similar. Relative Humidity (RH) was
compared in Figure 4.13. As observed in the plot, the RH predicted by the model was higher than
that measured by the ground stations. On Figure 4.14 and 4.15 the PM 2.5 and PM10
measurements are shown. These measurements were obtained from some of the TCEQ stations
(CAMS 12, 40, 41, 49). In both plots an increment in the PM that starts about 1 pm until 6pm

with the highest peak from 4 to 5 pm.
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415 Summary

My focus in this chapter was not to obtain PM results using an Air Quality Model, since
it is well known that Air Quality Models don’t perform well under extreme circumstances, such
as those exhibited during a dust storm. Instead, my concentration was to examine the
meteorological conditions predicted in a model conducive of a dust storm and compare them to
measurements obtained by the ground stations and see how well or bad the model performed. As
seen in the previous graphs (Figures 4.11 and Figure 4.12), the model did well predicting the
wind speeds and temperature when compared to the TCEQ stations’ data. When looking at the
Relative humidity data, there is a large discrepancy between the model and the ground data.
This discrepancy could be because the model used an RH average from all the stations around

and not one station in particular.
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Wind speed comparison, WRF-Chemresults vs. TCEQ stations for February 4, 2008
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Temperature (k) comparison, WRF-Chem results vs. TCEQ stations for February 4, 2008
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Relative Humidity comparison, WRF-Chem results vs. TCEQ stations for February 4, 2008
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PM 2.5 Concentration February 4, 2008
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Table I:

Surface wspd (MPH) 4km (20080204)

T?;tee(j_?g) Time (UTC) | Local Time | wspd(m/s) | wspd (MPH)
2008020412 12 5:00

2008020413 13 6:00 2.25 5.03
2008020414 14 7:00 2.51 5.61
2008020415 15 8:00 2.54 5.68
2008020416 16 9:00 3.7 8.28
2008020417 17 10:00 4.12 9.22
2008020418 18 11:00 4.42 9.89
2008020419 19 12:00 6.28 14.05
2008020420 20 13:00 7.78 17.40
2008020421 21 14:00 10.67 23.87
2008020422 22 15:00 11.79 26.37
2008020423 23 16:00 11.69 26.15
2008020500 0 17:00 11.02 24.65
2008020501 1 18:00 9.82 21.97
2008020502 2 19:00 8.27 18.50
2008020503 3 20:00 8.05 18.01
2008020504 4 21:00 7.61 17.02
2008020505 5 22:00 7.62 17.05
2008020506 6 23:00 7.68 17.18
2008020507 7 0:00 8.25 18.45
2008020508 8 1:00 8.17 18.28
2008020509 9 2:00 8.1 18.12
2008020510 10 3:00 7.95 17.78
2008020511 11 4:00 7.52 16.82
2008020512 12 5:00 7.55 16.89
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Table II:

Surface wspd_3D_4km (20080204)

Converted to MPH

Dateand | .o uT0) | LocalTime | 8somb | 700mb | S00mb | 400mb
Time(UTC)
2008020412 7] 5:00 6.85 | 2624 | 3297 | 3697
2008020413 13 6:00 653 | 2849 | 3346 | 31.72
2008020414 7 7:00 618 | 2878 | 344 | 3957
2008020415 15 8:00 731 | 2866 | 3536 | 39.9
2008020416 16 9:00 593 | 2857 | 3625 | 4027
2008020417 17 10:00 635 | 2816 | 374 | 4092
2008020418 18 11.00 661 | 2835 | 3819 | 4163
2008020419 19 12:00 9.07 | 2298 | 4039 | 4203
2008020420 20 13.00 1184 | 1694 | 4246 | 4485
2008020421 21 14:00 1592 | 1851 | 39.84 | 4503
2008020422 2 15:00 1732 | 1864 | 3834 | 453
2008020423 23 16:00 1725 | 1843 | 3852 | 4651
2008020500 0 17:00 167 | 19.87 | 3874 | 47.77
2008020501 1 18:00 1525 | 2229 | 3936 | 4869
2008020502 2 19:00 1313 | 2452 | 3921 | 4837
2008020503 3 20:00 1211 | 2311 | 3847 | 4767
2008020504 4 21:00 1195 | 2147 | 373 | 47.06
2008020505 5 22:00 1139 | 1922 | 3615 | 462
2008020506 6 23:00 1235 | 19.80 | 3500 | 44.84
2008020507 7 0:00 134 | 1892 | 3359 | 4336
2008020508 8 1:00 1343 | 1846 | 3185 | 4001
2008020509 9 2:00 1349 | 1801 | 2814 | 3521
2008020510 10 300 133 | 1668 | 2453 | 3052
2008020511 11 400 1271 | 1551 | 21.96 | 26.48
2008020512 12 500 1255 | 148 | 191 | 2286

;‘I’r;a; 850mb | 700mb | 500mb | 400mb
500 | 15.32301] 58.6972 | 73.75178 | 82.69952
6:00 | 14.60719 | 63.73031 | 74.84788 | 84.37723
7:.00 | 13.82426 | 64.37902 | 76.9506 | 88.51556
8:00 | 16.352 | 64.11059 | 79.09806 | 89.25375
9:00 | 13.26503 | 63.90926 | 81.08893 | 90.08141
10:00 | 14.20454 | 62.99212 | 83.66141 | 91.53542
1100 | 14.78615 | 63.41714 | 85.42859 | 93.12365
12:00 | 20.28901 | 51.40479 | 90.34985 | 94.01842
13.00 | 26.48532 | 37.8937 | 94.9803 | 100.3266
14:00 | 35.61202 | 41.40569 | 89.11953 | 100.7292
15:00 | 38.74373 | 41.69649 | 85.76413 | 101.3332
16:00 | 38.58715 | 41.22673 | 86.16677 | 104.0399
17:00 | 37.35683 | 44.44792 | 86.6589 | 106.8584
18:00 | 34.11327| 49.8613 | 88.0458 | 108.9164
19:00 | 29.37097 | 54.84967 | 87.71026 | 108.2006
20:00 | 27.08929 | 51.69559 | 86.05493 | 106.6347
21.00 | 26.73139 | 48.02702 | 83.43771 | 105.2702
22:00 | 25.4787 | 42.99391 | 80.86524 | 103.3464
23:00 | 27.62616 | 44.49266 | 78.49408 | 100.3042
0:00 | 29.97494 | 42.32283 | 75.13868 | 96.99354
1.00 | 30.04205 | 41.29384 | 71.24641 | 89.49981
2:00 | 30.17627]40.28722 | 62.94738 | 78.76252
3:00 | 29.75125 | 37.31209 | 54.87204 | 68.27129
400 | 28.43146 | 34.69488 | 49.12311 | 59.23407
500 | 28.07355 | 33.17376 | 42.72548 | 51.13636
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Table Il1:

Surface PBLH(m) 4km (20080204)

Date and . i

. Time (UTC) Local Time PBLH(m)
Time(UTC)
2008020412 12 5:00
2008020413 13 6:00 161.28
2008020414 14 7:00 175.14
2008020415 15 8:00 55.39
2008020416 16 9:00 429.77
2008020417 17 10:00 782.46
2008020418 18 11:00 1047.69
2008020419 19 12:00 1661.09
2008020420 20 13:00 2447.04
2008020421 21 14:00 2567.21
2008020422 22 15:00 2379.21
2008020423 23 16:00 2064.74
2008020500 0 17:00 1582.01
2008020501 1 18:00 2026.9
2008020502 2 19:00 1187.48
2008020503 3 20:00 638.06
2008020504 4 21:00 652.17
2008020505 5 22:00 627.98
2008020506 6 23:00 1102.59
2008020507 7 0:00 747.92
2008020508 8 1:00 729.88
2008020509 9 2:00 609.02
2008020510 10 3:00 574.67
2008020511 11 4:00 528.68
2008020512 12 5:00 525.55
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Table 1V:

Surface rh2(%) 4km (20080204)

Date and . .

. Time (UTC) Local Time rh2(%)
Time(UTC)
2008020412 12 5:00
2008020413 13 6:00 98.83
2008020414 14 7:00 98.37
2008020415 15 8:00 91.1
2008020416 16 9:00 80.82
2008020417 17 10:00 82.53
2008020418 18 11:00 79.82
2008020419 19 12:00 73.21
2008020420 20 13:00 67.31
2008020421 21 14:00 61.26
2008020422 22 15:00 63.3
2008020423 23 16:00 71.47
2008020500 0 17:00 84.01
2008020501 1 18:00 96.64
2008020502 2 19:00 100
2008020503 3 20:00 100
2008020504 4 21:00 100
2008020505 5 22:00 100
2008020506 6 23:00 100
2008020507 7 0:00 100
2008020508 8 1:00 100
2008020509 9 2:00 100
2008020510 10 3:00 100
2008020511 11 4:00 100
2008020512 12 5:00 100
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Table Il1:

Surface slp(hPa) 4km (20080204)

Date and Time (UTC) Local Time | slp(hPa)
Time(UTC)
2008020412 12 5:00
2008020413 13 6:00 1008.13
2008020414 14 7:00 1008.32
2008020415 15 8:00 1008.12
2008020416 16 9:00 1007.98
2008020417 17 10:00 1007.57
2008020418 18 11:00 1007.05
2008020419 19 12:00 1006.88
2008020420 20 13:00 1005.26
2008020421 21 14:00 1004.36
2008020422 22 15:00 1004.24
2008020423 23 16:00 1004.61
2008020500 0 17:00 1005.24
2008020501 1 18:00 1005.86
2008020502 2 19:00 1006.95
2008020503 3 20:00 1007.84
2008020504 4 21:00 1008.85
2008020505 5 22:00 1009.89
2008020506 6 23:00 1010.55
2008020507 7 0:00 1010.92
2008020508 8 1:00 1011.5
2008020509 9 2:00 1011.76
2008020510 10 3:00 1012.13
2008020511 11 4:00 1012.64
2008020512 12 5:00 1013.01
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Table IVI:

Surface T2(K) 4km (20080204)

Date and . .
i Time (UTC) Local Time T2(K)
Time(UTC)

2008020412 12 5:00

2008020413 13 6:00 279.46
2008020414 14 7:00 279.19
2008020415 15 8:00 280.99
2008020416 16 9:00 282.77
2008020417 17 10:00 284.49
2008020418 18 11:00 286.05
2008020419 19 12:00 287.11
2008020420 20 13:00 289.75
2008020421 21 14:00 290.52
2008020422 22 15:00 290.22
2008020423 23 16:00 289.01
2008020500 0 17:00 287.39
2008020501 1 18:00 285.58
2008020502 2 19:00 284.18
2008020503 3 20:00 282.78
2008020504 4 21:00 281.8
2008020505 5 22:00 280.93
2008020506 6 23:00 280.63
2008020507 7 0:00 279.37
2008020508 8 1:00 278.4
2008020509 9 2:00 277.59
2008020510 10 3:00 276.91
2008020511 11 4:00 276.28
2008020512 12 5:00 275.79
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Table VII:

CAMS 12
wind
speed . PM25 |PM10
RH % Temp °F |Temp K
average ug/m3  |ug/m3
(m/h)

6 25 54.2 285.48 2.27 12.31
6.2 24.6 54.6 285.71 3.1 13.35
5 24.5 53.4 285.04 6.13 21.59
5 25.3 53 284.82 7.96 32.48
10 20.6 59 288.15 3.64 21.11
12.9 20.2 61.1 289.32 2.17 15.13
12.3 19.1 63[ 290.37 0.8 15.09
13 17.2 65.7 291.87 0.96 24.2
154 15.6 67.4 292.82 1.93 27.72
17.1 17.6 67.1] 292.65 28.24| 228.46
17.6 20.4 65.2 291.59 56.75 526.27
20.6 20.6 63.6 290.71 73.94 721.47
21.1 37.6 54.4 285.59 65.88 692.99
22.2 55 45|  280.37 8.08 73.33
23.6 54.2 43| 279.26 4.69 47.98
23.1 59.8 41.3 278.32 3.42 18.53
17.2 60.6 40.5| 277.87 2.13 7.58
9.3 61.9 40.4 277.82 2.45 7.12
10.5 63.4 40.3 277.76 1.87 7.31
10.7 57.4 40.6 277.93 1.32 3.48
10.1 56.6 40.5 277.87 0.69 4.33
9.7 58.1 39.4 277.26 1.83 6.45
10.9 56.9 38.9 276.98 1.56 4.55
9.3 59.8 37.8| 276.37 2.04 6.44
11.3 66 36.1 275.43 3.69 9.43
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Table VIII:

CAMS 40
wind
speed
average
(m/h) RH % Temp °F |TempK |PM25 |PM10
8.3|No data 54.8 285.82 2.23
8.6 55.3 286.09 3.18
3.5 52.1 284.32 12.07
4.7 53.5 285.09 9.68
9.2 59.5 288.43 5.98
12.7 61.5 289.54 421
12 63.8 290.82(QAS
16 66.3 292.21 8.85
18 67.8 293.04 4.05
22 67.7 292.98 35.48
24.8 65.6 291.82 68.24
26.5 64 290.93 101.5
25.6 55.4 286.15 91.24
24.8 45.5 280.65 11.14
25.6 43.5 279.54 8.58
25.3 41.7 278.54 4.47
22.4 40.7 277.98 3.78
12.2 40.3 277.76 2.49
14.6 40.3 277.76 2.85
13.6 40.6 277.93 4,57
13 40.5 277.87 3.9
12.6 39.6 277.37 2.55
14.4 38.9 276.98 6.94
14.9 37.9 276.43 1.71
17.7 36.4 275.59 5.43
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Table IX:

CAMS 41
wind
speed
average
(m/h) RH % Temp °F |TempK |PM25 |PM10
6.4 25.2 53.8] 285.26 3.98 13.89
3.8 25.6 47.9 281.98 9.89 22.78
34 32.3 49 282.59 9.85 34.46
5.1 30.1 53.8] 285.26 7.46 35.8
11.3 23.2 59.5 288.43 4.12 21.28
15.5 19.9 62.1 289.87 1.98 14.1
15 19.3 63.9 290.87 0.75 14.72
18.6 18.2 66.7 292.43 1.64 28.34
20.3 16.5 68.1] 293.21 2.01 28.09
23.4 14.8 68.3 293.32 23.27 156.92
25.6 16.1 65.9] 291.98 58.08| 412.48
26.7 19.5 64.4 291.15 77.78 646
26.9 19.8 56.4 286.71 75.96 618.76
25.3 334 45.6 280.71 10.67 114.97
24.4 52.6 43.7 279.65 5.88 58.67
25.4 51.5 42.1 278.76 4.33 36.54
18.6 56 41.2 278.26 3.63 11.67
9.1 57.8 41.2( 278.26 2.2 8.53
12.2 58.4 40.8 278.04 7.24 9.11
11.1 56.2 41.1 278.21 1.34 5.74
11.3 54.8 41 278.15 0.82 5.59
10.5 55.9 40.2 277.71 2.24 7.56
11.6 54.8 39.5| 277.32 1.37 6.25
11.6 58.2 38.6 276.82 2.52 8.12
14.6 64.5 36.9] 275.87 4.06 9.76
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Table X:

CAMS 49
wind Resultant Maximu
speed |wind Resultant{m Wind .
. Temp °F | Temp K
average |[speed Wind Gust
(m/h) (m/h) Direction [(m/h) PM25 |PM10
4.5 4.4 158 7.7 47.1 281.54 10.88
3.9 3.5 119 9.2 48 282.04 61.16
3.6 3.4 148 6.2 48.9( 282.54 32.64
2.7 2.3 87 6.5 52.3 284.43 31.68
6.6 3.8 200 24.5 58.5| 287.87 29.44
13.4 12.8 212 27.1 63.5 290.65 49.9
16.5 15.8 223 31.5 65.2 291.59 101.19
17.4 16.8 223 36 67.3 292.76 80.94
15.3 14.6 214 30.8 69.5] 293.98 39.85
15.7 14.6 252 32.5 70.8 294.71 61.68
16 154 271 29.8 67.9 293.09 328.47
15.8 15.2 265 30.4 66.2| 292.15 416.85
18.6 17.6 277 40.8 61.1 289.32 791.24
20.2 19.7 297 38 47.5 281.76 190.78
19.6 19 300 33.8 44.7 280.21 47.76
17.4 16.9 296 35.1 42.8 279.15 30.54
14.1 13.7 291 25.7 42.2 278.82 6.61
9.4 9.1 281 194 41.2 278.26 7.16
11.1 10.7 280 21.7 41 278.15 5.27
11.1 10.7 280 22.7 41.4 278.37 3.17
8.4 7.9 277 18.3 40.9( 278.09 6.24
10.9 104 278 24.4 41.1 278.21 1.24
11.3 10.9 277 22.2 40.3 277.76 5.07
10.6 10.2 273 22.7 39.9 277.54 4.63
9.2 8.7 274 20.3 38.7 276.87 8.93
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Table XI:

CAMS 72
wind
speed
average
(m/h) RH % Temp °F |TempK |PM25 |PM10
22.5 56.8 286.93
22.9 56.5| 286.76
11.5 54.2 285.48
9.5 54.3 285.54
8.1 57.4| 287.26
12.3 60.3 288.87
14.9 61.9 289.76
14.3 64 290.93
15.7 65.1 291.54
20 65.5| 291.76
23.3 63.9 290.87
23.6 62.8| 290.26
29 53.8 285.26
35.2 44,5 280.09
31.7 43 279.26
32.2 41.6 278.48
28 40.3| 277.76
18.6 40.8 278.04
18.7 40.8 278.04
18.3 40.4 277.82
15.4 40.1 277.65
16.3 39.3| 277.21
19.5 38.6 276.82
11 38| 276.48
14.2 36.9 275.87

154




Table XII:

CAMS 324
wind
speed
average
(m/h) RH % Temp °F |TempK |PM25 |PM10
11.2 26.1 56.2 286.59
8 28.2 55.2 286.04
8.2 28.8 54.7 285.76
9 23.6 57 287.04
8.7 21.7 58.8 288.04
16.8 215 60.9 289.21
16.8 19.1 62.8 290.26
18.5 17.1 64.2 291.04
20.3 15.8 65.1 291.54
23 17.2 65 291.48
26.1 20.4 63.6 290.71
26 20.8 62.8 290.26
29.1 34.5 58.1 287.65
30.2 51.1 52.1 284.32
28.5 50.5 50.9 283.65
28.3 52.6 50 283.15
18.6 55.5 49.2 282.71
10.5 52.3 49.4 282.82
14.3 53.4 49.4 282.82
12.6 53.8 49 282.59
12.6 49.6 48.9 282.54
14.4 50 48.6 282.37
17.9 48.5 48 282.04
21.2 48.5 47.8 281.93
17 59.7 46.7 281.32

155




Chapter 5

5.1 Conclusion

A synoptic climatology of significant dust event was compiled at the National Weather
Service Office of El Paso, TX, based on observational data from El Paso International Airport
collected since 1932. As seen in the analysis of this data, EI Paso, TX dust record appears to
follow a regular annual dust cycle, characterized by frequent dust events throughout the spring
season and fewer during the summer and winter. This annual dust cycle results from seasonal
changes in environmental conditions. The environmental factors studied here related to these
seasonal changes were particulate matter, wind speed, relative humidity and precipitation. Most
of the dust events studied were associated with periods of low relative humidity (<35%), no
precipitation and wind speeds greater than 10 mph. Most dust events are associated with a
combination of strong winds, non surface coverage, and dry conditions, all of which occur most
frequently during the spring season. Wind speed alone cannot be a perfect indicator of high dust
levels, since other environmental factors such as surface cover and moisture can significantly

reduce regional dust levels, even during high wind speeds.

The concentration of particulate matter with a size from 2.5 up to 10 micrometers in El
Paso/Juarez metropolitan area on windy days is a clear proxy for blowing dust in the atmosphere.
As expected in this research, the Non-Convective cases had a higher PM 10 concentration and
lower PM 2.5 concentration, as non-convective cases can be larger in space and time and allow
for a greater probability for obtaining larger particles. It was also suspected that the earlier in the

season storms would have a larger concentration of smaller particles; which over a single season
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might decrease in time, at least for the same source region, as they are depleted from the source
soils as observed in Figures 2.6 (b-e). As seen in the PM plots, on Convective days we had more
PM 2.5 (Finer particle) meaning that this type of cases can affect more the community because
those smaller particles are the ones we breathe and can affect people’s health, specially the kids
and the elderly. Also this can raise the public’s awareness of potential dust hazards and their

causes in order to help residents be better prepared for action when needed.

As previously seen in chapter 3, 24-hour air mass back trajectories into El Paso, Texas
during 2001- 2005 were largely symmetrical in their distribution around the city, for days in
which dust was observed during this drought period (about 12% of all days), the trajectories were
most associated with southwesterly flow from an area of known dust sources in the Chihuahuan
Desert. An area with source contribution function >1 (more likely than random upwind location
for air residence), during dust days, existed in northwest Chihuahua, Mexico near the eastern

slope of the Sierra Madre Occidental.

Convectively-driven dust events, most frequent in ElI Paso during the summer North
American Monsoon, were most prevalent with airflow from the south and east, as opposed to
Gulf of California moisture surges which bring heavy precipitation and convection that is less
dusty. The fastest- moving trajectories during days with dust in El Paso advected a distance of
>600 km in 24-hours (7 m/sec), consistent with air parcels moving toward intensifying lee
cyclones over the southwestern Great Plains or (for convectively-driven dust events) moisture

surges from the Gulf of Mexico region.
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This type of modeling and analysis has high utility in dust weather forecasting. When
meteorological and land-surface conditions are conducive to dust storm generation, then a mean
wind vector can be generated from the surface (around 880 mb at El Paso) to the forecast mixing
height, which is usually around 700-600 mb. If this vector is within a high source contribution
area identified here, then the meteorologist can have increased confidence of a potential dust
event, which would have implications for air quality, aviation, and health and safety through
high particulate concentration and visibility reduction. The recognition of these characteristic air
mass trajectories will aid in forecasting dust storms in the Paso del Norte metropolitan area, and

similar methodologies could be followed for other dust-prone cities.

Back trajectory analysis is just one piece in a weight-of-evidence approach. The approach
we have used (probability modeling of HYSPLIT trajectories) has not been used before for dust
transport pathways and is intended to be a preliminary step to show where to look for on the
ground sampling. Some scientists disagree that the model of physical systems can be wrong to
some degree, but when a variety of independent methods all point to the same conclusion, that
conclusion is more likely to be valid (Oreskes et al., 1994; Oreskes and Belitz, 2001). Back

trajectory methods are certainly independent of chemical analyses of dust.

Many models have been developed to study dust storms and their effects like the WRF-
Chem model mentioned in chapter 4. These models are designed to serve both operational
forecasting and atmospheric research needs; allowing researchers the ability to conduct
simulations reflecting either real data or idealized configurations. My focus in this part was not
to obtain PM results using an Air Quality Model, since it is well known that Air Quality Models

don’t perform well under extreme circumstances, such as those exhibited during a dust storm.
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Instead, my concentration was to examine the meteorological conditions predicted in a model
conducive of a dust storm and compare them to measurements obtained by the ground stations
and see how well or bad the model performed. As seen in the previous graphs, the model did
well predicting the wind speeds and temperature when compared to the TCEQ stations’ data.
When looking at the Relative humidity data, there was a big discrepancy between the model and
the ground data. This discrepancy could be because the model used Relative Humidity averages

from all the stations around El Paso, TX and not one station in particular.

As future work, some health effects studies of convective vs. non-Convective dust events
can be useful to identify which type of event is more harmful to the community. Also the
analysis of other dust events cases with different strengths can be done using an updated version
of the WRF-Chem, to see if the model performs well in any condition, Convective or Non-

Convective.

It has been known that dust storms are environmental hazards that cause air quality and
visibility problems across the southwestern part of the United States. Defining and studying the
environmental/meteorological factor that help that produce dust events is very important because
it will aid in forecasting dust storms in the El Paso, TX/Juarez, Chihuahua, MX metropolitan
area, and similar studies could be followed for other dust-prone cities. Also, an evaluation of the
climatology of dust-prone cities can help the meteorological community to improve their

forecasting of extreme dust events around the world.
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