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EXECUTIVE SUMMARY 
 
 
The Clark County Department of Air Quality and Environmental Management (DAQEM) is 
responsible for preparing state implementation plans (SIPs) for approval by the Clark County Board 
of Commissioners and to ensure implementation to attain and maintain National Ambient Air Quality 
Standards (NAAQS).  In June 2004, under the Phase I Rule to Implement the 8-hour ozone 
NAAQS, the U.S. Environmental Protection Agency (EPA) classified specific areas within Clark 
County as “basic” non-attainment areas for ground-level ozone.  Under the “basic” non-attainment 
classification, Clark County was preparing an attainment demonstration SIP for submittal to the U.S. 
EPA in June 2007.  On December 22, 2006, the United States Court of Appeals (District of 
Columbia) vacated the Phase I Rule to Implement the 8-hour Ozone NAAQS.  In March 2007, the 
U.S. EPA promulgated the final rule on “Treatment of Data Influenced by Exceptional Events.”   
 
These actions require adjustments to air quality planning and regulatory programs for ozone.  
Accordingly, the DAQEM, rather than submit a SIP to the U.S. EPA in June 2007, is coordinating 
with the U.S. EPA to receive a “clean data finding” for ozone in accordance with EPA policies. Upon 
receiving a “clean data finding” for ozone from the U.S. EPA, Clark County will develop and submit 
to the U.S. EPA a SIP in late 2007 or early 2008 demonstrating maintenance of ozone NAAQS for 
the foreseeable future.  This Maintenance SIP will also include a formal request that Clark County 
be re-classified from non-attainment to attainment for ozone.   
 
To support development of a Maintenance Plan for ozone, the DAQEM contracted T&B Systems to 
conduct the Southwest Desert / Las Vegas Ozone Transport Study (SLOTS).  The goal of this study 
was to further study the mechanisms and impact of transport of pollutants into Southern Nevada 
through enhanced monitoring of ozone air quality and meteorological at key locations during the 
2007 ozone season.  Objectives include an assessment of both urban and wildfire plume impacts 
on ozone concentrations, and the development of procedures that will permit Clark County to obtain 
waivers from regulatory considerations for wildfire events in accordance with the recently 
promulgated rule on “Treatment of Data Influenced by Exceptional Events.”   
 
There were two levels or modes of field measurements in SLOTS: continuous and intensive.  
Continuous measurements were ongoing from the start of the field study during the last half of May 
2007, and continued until the scheduled end date of August 31, 2007.  More extensive 
measurements were conducted when the meteorological conditions were forecasted to be 
conducive to producing high ozone levels, hereafter referred to Intensive Operational Periods 
(IOPs).  IOPs focused on the understanding of the three-dimensional structure of key air quality and 
meteorological features when polluted air masses due to both wildfire and distant urban plumes 
were directed towards Clark County. 
 
The SLOTS 2007 monitoring program was conducted from mid-May through August, and consisted 
of the following elements: 
 

• Supplemental surface measurements operating continuously at two key locations in 
coordination with similar National Park Service ongoing in the Joshua Tree National 
Monument and Mojave Desert Preserve   One site was located upwind within the primary 
transport corridor between the major population centers in southern California and Clark 
County.  The second site was located in northwestern Clark County where modeling 
indicated maximum ozone levels. 

• Upper air measurements using aircraft, state-of-the-art remote sensing instruments, and 
balloon-borne instrumentation. 
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The field measurements underwent a rigorous validation process and assimilated into an integrated 
relational database consisting of both of both information and data files.  The goal was to make the 
database very usable and accessible by both immediate and future data analysts. 
 
A preliminary analysis of the 2007 ozone season integrating both routine and special SLOTS 
measurements revealed the following regarding interstate transport: 

 

• Synoptic meteorological patterns occurred during the study that were consistent with the 
conceptual model developed in past studies, which include the passing of a low pressure 
trough that initiates southwesterly transport winds from population centers in Southern 
California into Clark County.  HYSPLIT back-trajectories during these conditions showed 
trajectories from Las Vegas Valley leading to source areas including the Los Angeles Basin, 
the western Mojave Desert, and the southern San Joaquin Valley.  These synoptic patterns 
typically occurred in June. 

• Buildup of ozone concentrations in the above source areas was noted on days preceding 
the transport event, and was a necessary event for ozone transport. 

• “Fenceline monitoring” on the California/Nevada border showed elevated ozone 
concentrations entering the area from the southwest.  The aircraft recorded these during 
IOPs on June 22, 23 and 24 and July 18 and 19.  The SLOTS Mt. Pass site on the California 
border also showed high ozone concentrations on these days, as well as during two 
transport-favorable periods when exceedances of the 8-hour standard were reported in 
Clark County. 

• Upper-air measurements at Jean showed steady southwesterly flow throughout the periods 
leading up to transport events, consistent with the HYSPLIT back-trajectories. 

• Well-defined boundaries were noted between regional background ozone concentrations 
and Southern California urban plumes with higher concentrations, consistent with plume 
dynamics.  This includes an urban plume with 85 ppb ozone identified adjacent to air with 
regional background ozone concentrations of 40 ppb, though this occurred in a narrowly 
layered plume which may have been more concentrated. 

• Transported urban plume ozone concentrations were typically around approximately 20 ppb 
above those of the background air in which the plume was imbedded.  This is consistent 
with values seen in previous studies for the DAQEM.  

• PM2.5 associated with urban ozone plumes are typically very low and not particularly 
correlated with ozone concentrations. 

• SLOTS focused on transport from southern California into Clark County.  To fully understand 
the air quality in Clark County, future field studies should expand the focus to potential 
pathways from other western states, Mexico and beyond. 

 
What was learned about ozone contributions due to wildfire smoke is summarized as follows: 
 

• The wildfire season in 2007 was limited in terms of fires in the study area.  Two fires in 
California, the White fire and the Zaca fire, provided some opportunity to investigate wildfire 
contribution to ozone concentrations.  Since these fires had only a minor impact of Las 
Vegas at best, airplane sampling was conducted primarily in California, closer to the fires, 
rather than in Nevada.   

• Because the fires were located close to major urban ozone sources (specifically the 
western Mojave Desert and the southern San Joaquin Valley), it was difficult to definitively 
attribute ozone concentrations within fire plumes solely to the wildfire emissions.  However, 
rises in ozone concentration of 10 to 20 ppb were noted within the smoke plumes. 
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• Persistent differences in measured ozone concentrations between the MOP and the Mt. 
Pass site during the Zaca fire also hint at a possible 10 to 20 ppb increase in ozone 
concentration by wildfire smoke, thought the evidence is primarily circumstantial. 

• Documentation of smoke impacts within the Las Vegas Valley will be critical evidence for 
exceptional event justification.  A list of currently available resources and recommendations 
for a documentation protocol were provided. 

 

The MOP site (Modeled Ozone Peak) frequently measured the highest ozone levels in Clark 
County validating the DAQEM SIP modeling results.  This site was installed and operated 
specifically to investigate the model’s performance. 
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1. INTRODUCTION 

The Clark County Department of Air Quality and Environmental Management (DAQEM) is 
responsible for preparing state implementation plans (SIPs) for approval by the Clark County Board 
of Commissioners and to ensure implementation to attain and maintain National Ambient Air Quality 
Standards (NAAQS).  In June 2004, under the Phase I Rule to Implement the 8-hour Ozone 
NAAQS, the U.S. Environmental Protection Agency (EPA) classified specific areas within Clark 
County as “basic” non-attainment areas for ground-level ozone (O3).  Under the “basic” non-
attainment classification, Clark County was preparing an attainment demonstration SIP for submittal 
to the U.S. EPA in June 2007.  On December 22, 2006, the United States Court of Appeals (District 
of Columbia) vacated the Phase I Rule to Implement the 8-hour Ozone NAAQS.  In March 2007, 
the U.S. EPA promulgated the final rule on “Treatment of Data Influenced by Exceptional Events.”   
 
These actions require adjustments to air quality planning and regulatory programs for ozone.  For 
example, air quality monitoring data for ozone in Clark County for calendar years 2004 to 2006 
demonstrate that Clark County is in attainment with NAAQS for ozone.  The DAQEM, rather than 
submit a SIP to the U.S. EPA in June 2007, is coordinating with the U.S. EPA to receive a “clean 
data finding” for ozone in accordance with policies articulated in the U.S. EPA memorandum dated 
May 5, 1995, from John Seitz (Director, OAQPS).  Upon receiving a “clean data finding” for ozone 
from the U.S. EPA, Clark County will develop and submit to the U.S. EPA a SIP in late 2007 or 
early 2008 demonstrating maintenance of ozone NAAQS for the foreseeable future.  This 
Maintenance SIP will also include a formal request that Clark County be re-classified from non-
attainment to attainment for ozone.   
 
To support development of a Maintenance Plan for ozone, the DAQEM contracted T&B Systems to 
conduct the Southwest Desert / Las Vegas Ozone Transport Study (SLOTS).  The goal of this study 
was to further study the mechanisms and impact of transport of pollutants into Southern Nevada 
through enhanced monitoring of ozone air quality and meteorological variables (surface and aloft 
measurements) at key locations during the 2007 ozone season.  Objectives included an 
assessment of both urban and wildfire plume impacts on ozone concentrations, and the 
development of procedures that will permit Clark County to obtain waivers from regulatory 
considerations for wildfire events in accordance with the recently promulgated rule on “Treatment of 
Data Influenced by Exceptional Events.”  Specific objectives for this study therefore included the 
following: 
 

• Promote cooperation and information exchange between federal and state/local agencies 
in characterizing ozone air pollution during field studies for the 2007 summer season.  

• Improve our understanding of the role of pollutant transport into Clark County, particularly 
emissions from wildfires, and the impact of these pollutants on observed ozone 
concentrations in Clark County. 

• Generate a database to support current and future air quality planning and regulatory 
programs for ozone, including the development of a Maintenance Plan for ozone, in 
accordance with the Federal Clean Air Act and U.S. EPA requirements and guidelines. 

• Develop standard operating procedures that will permit Clark County to obtain waivers 
from regulatory considerations for wildfire events in accordance with the recently 
promulgated rule on “Treatment of Data Influenced by Exceptional Events.” 

Several recent studies conducted for the DAQEM, including the Ozone Characterization Study 
conducted in 2004 (Lehrman, 2006) and the CCROPS study in 2005 (Bush, 2006), produced 
results demonstrating the mechanism for transporting ozone into Clark County from southern 
California sources.  However, U.S. EPA did an analysis for its Clean Air Interstate Rule or CAIR to 
identify states that were contributing significantly to nonattainment of PM2.5 and ozone in adjacent 
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states.  In the preamble to that rule, U.S. EPA stated that U.S. EPA did an analysis for its Clean Air 
Interstate Rule or CAIR to identify states that were contributing significantly to nonattainment of 
PM2.5 and ozone in adjacent states.  In the preamble to that rule, U.S. EPA stated that: “In 
analyzing significant contribution to nonattainment, we determined it was reasonable to exclude the 
Western U.S., including the States of Washington, Idaho, Oregon, California, Nevada, Utah and 
Arizona from further analysis due to geography, meteorology, and topography.”  The California Air 
Resources Board’s position on transport, as stated in the State of California Interstate Transport 
State Implementation Plan (SIP) quoted from same the U.S. EPA: document.  However, after 
reviewing the recent studies in Clark County, removed that wording from their SIP. 
 
Nevertheless, a primary goal of SLOTS was to clearly document the existence and impact of an 
urban ozone plume originating from the southern California sources.  Furthermore, the potential 
impact of wildfire smoke on ozone concentrations was only serendipitously studied during CCROPS 
when nearby wildfire occurred.  EPA’s resistance to classifying apparent smoke-impacted days as 
exceptional events demonstrated that further research regarding wildfire impact was needed.  
Therefore, a second primary goal was to clearly document ozone contributions from a wildfire 
plume. 
 
1.1 Overview of the Study Design 
 
There were two levels or modes of field measurements in SLOTS: continuous and intensive.  
Continuous measurements were ongoing from the start of the field study in the last half of May 
2007, and continued until the scheduled end date of August 31, 2007.  More extensive 
measurements were conducted when the meteorological conditions were forecasted to be 
conducive to high ozone levels being experienced in Clark County.  These periods are hereafter 
referred to as Intensive Operational Periods (IOPs).  Each IOP had the potential to last up to four 
days, and four such IOPs were funded over the study period.  IOP measurements comprised the 
main core of the study in which the three-dimensional air quality and key meteorological features 
were described. 
 
IOPs were devoted to investigating each of the two types of ozone episode events emphasized 
above: 
 
Type 1 – Urban transport from California.  These IOPs were initiated with the goal of looking for 
conditions leading to exceedance or near-exceedance levels affecting the greater Las Vegas 
Valley, not just a rise in Jean.  Aircraft were used to investigate ozone flux along the California 
border, perpendicular to transport winds, with occasional spiral soundings to measure vertical 
profiles.  Flights included a spiral at Jean at the beginning and end of the flight.  In general, one 
morning and one late afternoon/evening flight were conducted each IOP day to provide regular 
tracking of transport conditions.  Rawinsondes were typically released at Primm, but moved if 
necessary based on incoming data during the IOP.  The first rawinsonde was typically released at 
0600 PST (transition from nocturnal to daytime conditions, guidance for aircraft flights), with the 
second released at 1600 PST (coincident with NWS soundings).  
 
Type 2 -  Wildfires directly impacting Las Vegas Valley accompanied by poor dispersion conditions, 
likely leading to exceedance or near-exceedance levels in Clark County.  The aircraft conducted a 
series of transects perpendicular to the plume, systematically moving downwind along the plume 
axis, starting as near to the source as possible.  Rawinsondes were ideally released in the transport 
path (plume), as close to the Las Vegas Valley as feasible, following the schedule presented above. 
 
A goal of the study was that at least one IOP would be devoted to urban transport and two to 
wildfire smoke.  As the study period progressed, IOP criteria were loosened as follows to increase 
the chances of IOP conditions: 
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• Transport from California, including events that only affected Jean air quality 

• Fires in the general vicinity that did not specifically impact the Las Vegas valley 

• Transport of ozone (smoke or urban) that impacted Clark County, but not necessarily at 
exceedances levels. 

 
Recognition of the onset and establishment of the conceptual model characteristics in advance was 
the key to the operational forecasting solution for the SLOTS field measurements operations.  
National Weather Service (NWS) numerical synoptic-scale models such as the North American 
Mesoscale model (NAM) and the Global Forecast System model (GFS), coupled with regional NWS 
Forecast Discussion guidance, provided an experienced T&B Systems weather forecaster with the 
basis for daily long and medium range operational forecasts.  An additional critical factor in the 
forecasting for the 2007 field project was the presence of smoke from wildfires upwind of the project 
area and the probable transport characteristics of the fire generated smoke plumes.  The T&B 
Systems forecasters used the current and forecasted NWS Hazard Mapping System (HMS) fire and 
smoke products, as well as fire advisories issued in the regional Forecast Discussions to determine 
when and where IOP operations involving smoke measurements were initiated.  An operational 
forecast was prepared by the T&B Systems forecasters each day that included both the short-term 
and long-term weather and fire smoke outlook.   
 
1.2 Overview of the Field Activities 
 
The SLOTS 2007 field program was conducted from mid-May through August, and consisted of the 
following elements: 
 

• DAQEM Monitoring – Ozone and meteorology at existing sites operated by Clark County. 

• Supplemental Ozone Measurements– Continuous portable ozone monitors operated for the 
duration of the ozone study.  T&B sites were established at two locations.  As part of a 
separately funded project but with similar objectives, the National Park Service (NPS) 
operated four sites in the Joshua Tree National Monument and the Mojave Preserve.   

• Upper Air – Aircraft measurements, rawinsonde measurements, continuous remote sensing 
of winds at two sites along the transport path from California, and continuous remote 
sensing of winds, temperature and relative humidity at the North Las Vegas airport   

 
1.3 Content of This Report 
 
This report consists of seven main sections in addition to this introduction.  In Section 2, the study 
design and subsequent CCROPS monitoring network are discussed, including detailed maps of the 
locations of all of the study-specific measurements.  The overall organization of the study is also 
discussed.  Details regarding the monitoring methodologies used during the study are presented in 
Section 3.  Section 4 presents a discussion of the field activities during the SLOTS monitoring 
conducted in the summer of 2007.  A discussion of the quality assurance employed for the study is 
contained in Section 5.  Section 6 discusses the SLOTS database, and presents specifics regarding 
the structure of the delivered database.  Section 7 contains results from initial analyses of the 
SLOTS data.  These analyses address the role that transport of both urban and wildfire smoke 
plumes on ozone concentrations in Clark County.  Finally, recommendations for additional analyses 
and monitoring are provided in Section 8. 
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2. SAMPLING NETWORK 
 
Supplemental monitoring locations for SLOTS where chosen based on the SLOTS goals 
described above, as well as logistics and security.  Table 2-1 lists the SLOTS sites and key site 
information.  Figure 2-1 is a map of the locations.   
 

Table 2-1.  SLOTS Sites and Objectives 

Site Latitude Longitude Elevation Site Goal Measurements 

North Las 
Vegas Airport, 
NV 

36.215 -115.194 660 m Upper air meteorology at 
Las Vegas 

Upper-level WS/WD 
(Radar Profiler, mini-
Sodar); T/RH profiles 
(radiometer); surface 
WS/WD, T, and RH 

Jean, NV 35.7628 -115.3319 855 m Meteorology and ozone 
along SW transport path 

Upper-level WS/WD 
(Sodar) 

Mountain 
Pass, CA 

35.4837 -115.5222 1495 m Meteorology and ozone 
along SW and W transport 
paths 

Ozone; surface 
WS/WD; Upper-level 
WS/WD (Sodar) 

MOP Site, NV 36.0791 -115.5583 1642 m Investigation of area of 
modeled ozone peak 
(MOP) 

Ozone; surface 
WS/WD 

Movable 
rawinsonde 
launching site  
(nominally at 
Primm, NV) 

   Upper air meteorology 
along transport paths 

Upper-level WS/WD, 
T, and RH 

 
 
2.1 Continuous Measurements 
 
Supplemental Ozone Measurements 
 
Two supplemental surface ozone and meteorological monitoring installations were deployed for 
the study, one at a site near Mountain Pass, California, and one in the vicinity of the DAQEM 
modeled ozone peak (MOP site).  Ozone and surface meteorology were measured at both sites.  
 
Upper-Air Winds 
 
Two sodars were deployed for the study, one at Jean, Nevada and one at the Mt. Pass site, to 
measure upper-level winds up to 600 meters.  The sites were equipped with cell phone Internet 
technology, allowing real-time access and polling of data.  In addition, the ozone and 
meteorological measurements at Mt. Pass were also accessible via the system. 
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Figure 2-1.  SLOTS Site Locations 
 
 
2.2 Intensive Monitoring 
 
During periods when high ozone levels were forecast, more intensive measurements were 
initiated.  The key components of the intensive monitoring periods or IOPs were:  
 
Aircraft Measurements 
 
Ozone, particulate loading, and temperature were measured using a single-engine airplane. A 
typical flight sampling mission was comprised of measurements at constant levels and spiral 
ascents and descents which provided vertical profiles.  Vertical profiles were made from as near 
to ground level as safety permitted to approximately 4,000 m-agl.   
 
Two three-hour sampling flights were normally conducted each day of the IOP.  Preliminary 
flight plans were developed prior to takeoff, based on a review of meteorological conditions.  
The morning flight typically took place approximately 07:00 -11:00 PST.  The evening flight took 
place approximately 15:00 –18:00 PST.  An experienced T&B Systems air quality scientist was 
onboard observing the measurements in real-time.  Based on those observations and the winds 
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aloft measurements, the flight plan was modified as necessary in order to best accomplish study 
goals.   
 
Each aircraft mission concentrated on characterizing the boundary layer air quality and 
atmospheric stability and consisted of spirals at Jean and other select locations with horizontal 
traverses between.  Flights during both the morning and the afternoon began with a sounding 
over the North Las Vegas Airport so that changing conditions during the elapsed time of the 
flight could be identified.  Traverses were selected as to best characterize pollutant levels 
across flux planes, and to define the areal extent of transported plumes. 
 
Rawinsondes 
 
Free ascending balloon-borne measurements of temperature, relative humidity, and winds were 
made twice daily from select locations depending upon meteorological conditions.  Nominally 
scheduled sounding times were 06 and 16 PST.  The early morning sounding documented the 
vertical structure of the atmosphere during the most stable period over the diurnal cycle.  This 
sounding closely corresponded to the 12 GMT world-wide sounding schedule and suite of 
synoptic weather charts routinely produced by weather organizations.  The afternoon sounding 
characterized conditions when the atmosphere is generally most unstable, and the mixed layer 
fully developed.  The sounding time corresponds with the 00 GMT world-wide soundings and 
synoptic analyses products.  Soundings extended to at least 500 mb or ~ 5,500 meters.  
Optimally, data were gathered to 300 mb, which is approximately 10,000 meters.   
 
2.3 Additional T&B Systems Monitoring Support 
 
T&B Systems set up and operated the following DAQEM-owned equipment at a temporary site 
at the North Las Vegas airport:   
 

• A radar profiler capable of providing wind data from the surface up to 4,000 m agl. 

• A mini-Sodar capable of providing high resolution wind data from the surface up to 
200 m agl. 

• A microwave radiometer capable of providing temperature and relative humidity profiles 
from the surface to 10 km. 

 
Due to logistical delays associated with establishing the site, the above equipment did not 
become operational until early July 2007.  The equipment was operated through August 30, 
2007. 
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3. MEASUREMENT METHODS 
 

Descriptions of the instrumentation and methods employed in the study specific measurements 
are provided in this section.  The supplemental surface measurements are discussed first and 
include both ozone and meteorological equipment.  Upper-air measurements were made using 
a variety of methods ranging from remote sensing instruments to balloon-borne, GPS wind 
finding systems.  The air quality measurements include ozone and ozone precursor monitoring 
equipment. 
 
3.1 Supplemental Ozone Monitoring 
 
All equipment used at the two supplemental ozone-monitoring sites were operated on solar 
power.  Equipment was housed in a 2’ x 2’ x 6” aluminum box.  The following equipment was at 
each of the sites: 
 
2B Model 202 Ozone Analyzer 
 
The 2B Technologies Model 202 Ozone Monitor™ is designed to enable accurate and precise 
measurements of ozone ranging from low concentrations (precision of  ~1 ppbv) up to 100,000 
ppb (0-100 ppm) based on the well established technique of absorption of light at 254 nm.  
"Absorption spectroscopy" is a chemical analysis technique made possible by the phenomenon 
that a given molecule absorbs light at selected wavelengths.  The wavelengths absorbed are 
characteristic of each molecule’s atomic features.  The amount of light radiation absorbed by a 
substance depends on two factors: the number of molecules in the path of the light, and the 
characteristics of the molecule (e.g., absorption cross-section).  Measurement of changes in the 
light intensity as it passes through the molecules, and the use of calibration and reference data, 
enable the determination of the number of molecules encountered.  
 
This method is the same as the DAQEM network monitors used and subject to the same 
accuracies and uncertainties. 
 
This monitor features low power consumption (12v DC, 0.33 amp, 4.0 Watt) relative to 
conventional instruments, thus allowing operation with deep cycle batteries and solar panels.  
Additionally, it does not require a temperature-controlled environment.  The sampling system 
included a ¼” Teflon sampling line with an inlet filter mounted approximately 1.5 meters off of 
the ground. 
 

Accuracy  (performance checks) ±10% 
Precision (performance checks) ±10% 
Resolution 0.001 ppm 
Lower Quantifiable Limit 0.002 ppm 

 
RM Young Model 05305 Wind Monitor 
 
RM Young 05103 Wind Monitor wind speed and direction sensors were used for measuring 
surface wind conditions.  These sensors employ a propeller anemometer.  The sensors were 
mounted on 3-meter high tripods.  All sensors were oriented to true north using the GPS walkoff 
method for orienting wind direction sensors.  The monitor and installation at the MOP site are 
shown in Figure 3-1. 
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Figure 3-1.  Surface Tripod Mounting of Wind Sensors, with Ozone Sampling Line – MOP Site 
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Monitoring quality objectives for the supplemental surface wind measurements are presented in 
the following table. 
 

Accuracy  (instrument specifications)  
 Horizontal Wind Speed  ±(0.2 m/s + 5% of observed) 
 Horizontal Wind Direction ±5 degrees 
  
Precision (performance checks)  
 Horizontal Wind Speed  ±0.1 m/s 
 Horizontal Wind Direction ±2 degrees 
  
Output Resolution  
 Horizontal Wind Speed  0.1 m/s 
 Horizontal Wind Direction 1.0 deg. 
  
Starting Threshold 1.0 m/s 

 
Campbell Scientific CR10 Data Logger 
 
All data were stored using a Campbell Scientific CR10 data logger as 60-minute averages.  
Based on the number of measurements and statistics being recorded, the CR10 can operate for 
a period of up to approximately 4 weeks before it is necessary to download data.   
 
Campbell Scientific CR10 Internal Panel Temperature 
 
The temperature of the ozone analyzer environment was monitored using the integral panel 
temperature of the Campbell Scientific CR10 data logger. 
 
3.2 Rawinsondes 
 
Balloon-borne rawinsondes were used to profile winds, temperature, and relative humidity from 
the surface to near the tropopause.  Primary components of the system are described below: 
 
Sippican W-9000 
 
The Sippican W-9000 system consists of a SIPPICAN ZEEMET W-9000 GPS based navaid 
receiver/data system for measuring winds, and SIPPICAN Mark II Microsondes radiosonde 
packages. 
 
The SIPPICAN ZEEMET W-9000 receiving station interfaces with a personal computer and 
printer.  This is a state-of-the-art wind finding system employing GPS technology.  The UHF 
receiver operates in the 400 MHZ range.  SIPPICAN software enables the interface with the 
SIPPICAN W-9000 receiver and reduces the thermodynamic pressure, temperature and 
humidity (PTU) and navaid/wind data.  During each flight, the technician is able to monitor both 
raw and reduced data in near real-time.  The software also includes graphics and plotting 
capabilities that allow the technician to review results during and at the end of each flight.  Both 
raw and reduced data were stored on the hard disk in subdirectories identified by the flight 
name.  All data files were copied to both primary and backup diskettes immediately after each 
flight.  
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SIPPICAN Mark IIa Microsondes 
 
The SIPPICAN Mark IIa Microsondes are 10 x 19 x 15 cm and weigh 250 grams with a 
water-activated 18V battery.  The radiosonde UHF transmitter sends its modulated signals in 
the 400 MHZ range.  The Microsondes were calibrated at the factory in a computer-controlled 
environmental chamber.  Calibration coefficients are stored in read-only-memory (ROM) within 
each sonde and are automatically transmitted to the receiver in 1.5 sec intervals.  Temperature 
is measured using a bead thermistor and relative humidity using a carbon hygristor.  The 
SIPPICAN W-9000 is an automatic wind finding system that is based on tracking the sonde 
using the GPS satellite network.  The Microsonde incorporates a low-noise integrated circuit 
GPS receiver.  Winds aloft are calculated from the change in balloon position (determined from 
navaid) with time.  Height is obtained directly from GPS positioning and, unlike older systems, 
pressure is now a derived parameter, calculated from the hydrostatic equation, using measured 
height, temperature, and humidity.   
 
 

 
 
 

Accuracy  (instrument specifications)  
 Horizontal Wind Speed ± 0.5 ms-1 
 Horizontal Wind Direction Unknown 
 Temperature ± 0.2° C 
 Relative Humidity ± 2.0% 
Output Resolution  
 Horizontal Wind Speed 0.1 m/s 
 Horizontal Wind Direction 1.0° 
 Temperature 0.1° C 
 Relative Humidity 1.0% 

 
 
3.3 Aircraft Sampling 
 
The sampling instrumentation for the aircraft was identical to that which was used during the 
2005 SLOTS.  Ozone sampling is based on the wet cell KI technique implemented by EN-SCI 
Corporation for troposphere and stratosphere ozone profiling and implemented in the ECC 
ozonesonde.  The ECC ozonesonde is of a simple design consisting of a rigid mainframe on 
which is mounted a motor-driven Teflon/glass air sampling pump, a thermistor for measuring 
pump temperature, an ozone sensing ECC, and an electronics box containing interface circuitry 
which couple the ozone sensor to the radiosonde.   
 
The ozone-sensing cell is made of two bright platinum electrodes immersed in potassium iodide 
(KI) solutions of different concentrations contained in separate cathode and anode chambers.  
The chambers are linked with an ion bridge that, in addition to providing an ion pathway, retards 
mixing of the cathode and anode electrolytes thereby preserving their concentrations.  The 
electrolytes also contain potassium bromide (KBr) and a buffer whose concentrations in each 
half-cell are the same.  The driving electromotive force for the cell, of approximately 0.13 V, is 
provided by the difference in potassium iodide concentrations in the two half cells.  Sample air is 
forced through the ECC sensor by means of a non-reactive pump fabricated from TFE Teflon 
impregnated with glass fibers.  The pump is designed to operate without ozone-destroying 
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lubricants.  Pumping efficiency for each pump varies from pump to pump and is also dependent 
on ambient air pressure.  The sampling flow rate is calibrated at the factory and checked in the 
field before launch.  The ECC ozone concentration calibration is also determined prior to launch.   
 
When ozone in air enters the sensor, iodine is formed in the cathode half cell according to the 
relation 

2KI + O3 + H2O → 2KOH + I2 + O2.  (1) 
 

The cell converts the iodine to iodide according to 
 

I2 + 2e → 2I-     (2) 
 

during which time two electrons flow in the cell’s external circuit.  Measurement of the electron 
flow (i.e., the cell current), together with the rate at which ozone enters the cell per unit time, 
enables ozone concentrations in the sampled air to be derived from 
 

p3 = 4.307 x 10-3(im-ib)Tpt    (3) 
 

where p3 is the ozone partial pressure in nanobars, im is the measured sensor output current in 
microamperes, ib is the sensor background current (i.e., the residual current emanating from the 
cell in the absence of ozone in the air) in microamperes, Tp is the pump temperature in Kelvins, 
and t is the time in seconds taken by the sonde gas sampling pump to force 100 ml of air 
through the sensor. 
 

ECC Ozone 

Sensitivity 2-3 ppb by volume ozone in air 

Response Time 
15 seconds for 67% of change; 60 
seconds for 85% of change 

Noise less than 1% of full scale 

Estimated Measurement Uncertainty less than ± 10% of indicated value 
 
 
For the aircraft sampling system, the sample pump/cell system is housed in a small case with 
the output signal from the sampler recorded on a Campbell CR1000 data logger.  This data 
logger allows the recording and parsing of a serial data stream from a Global Positioning 
System receiver as well as recording analog signals of pressure, ambient temperature, 
detection cell temperature and the calculated values of ozone based on the sampled 
parameters.  Data are sampled and recorded at 2-second intervals.  A set of AA batteries 
provides power and the capability for the entire system to measure ozone continuously for over 
8 hours.  The sample inlet is through a length of FEP Teflon tubing to a region of the aircraft in 
free airflow – on the inside portion of the wing in a cabin air vent inlet. The preparation time prior 
to a flight requires approximately 20 to 30 minutes to install, perform pre-flight check, and 
assure that the systems are operational.  For this study, we used a Cessna 182 based out of the 
North Las Vegas airport  (Figure 3 -2).  Figures 3-3 shows the installation of the package in the 
back seat of the Cessna 182 used for the study, with the sample lines heading out the air vent.   
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Figure 3-2.  Cessna 182 Used for Aircraft Sampling 
 
 

 
 

Figure 3-3.  Ozone and PM2.5 Sampling Package in Back Seat of Aircraft and Sample Tubing 
Leading Up to and Out Air Vent on the Cessna 182 

 
 
In addition to ozone and temperature, PM2.5 concentrations were measured using a DustTrak 
8520 optical light-scattering instrument.   
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The Cessna 182 used for SLOTS was equipped with advanced avionics that allowed the 
displaying of a wide range of information and data, including a number of different 
meteorological products.  In particular, hourly modeled winds could be displayed for flight levels 
in 3000-ft increments, and the actual wind speed and direction at the current flight altitude could 
be calculated and displayed, based on GPS and true air speeds and directions.  An example of 
the display is presented in Figure 3-4.  While the aircraft operators were unclear whether these 
data were being stored, values were manually recorded by the onboard scientist during the 
flight. 

 
 

Figure 3-4.  On-board Avionics Display.  View shown displays modeled winds for current  
hour at the 9000-ft level.  Arrow in upper right corner indicates current winds at 
37 knots from the west-southwest. 
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3.4 Remote Sensing Measurements of Winds Aloft 
 
AeroVironment (AV) Model 2000 Sodars were used to collect upper-air meteorological data at 
the Jean and Mt. Pass sites.  In addition, a Vaisala 915-MHz radar wind profiler (RWP), a 
collocated AV Model 4000 mini-Sodar, and a surface-based meteorological system were used 
to measure the upper-air meteorology data at North Las Vegas Airport.  These instruments 
provide vertically and temporally resolved boundary layer winds, and boundary layer depth (i.e., 
mixing height) data.  In particular, the RWP provides continuous (hourly) wind data with a 
vertical resolution of 60 to 100 m at heights from about 120 m up to about 3000 m agl.  The 
mini-Sodar fills in data beneath the RWP measurements by providing continuous (hourly or sub-
hourly) wind data with 5 m resolution up to about 200 m agl.  The exact height coverage at any 
given time depends on atmospheric conditions.  Continuous (hourly or sub-hourly) boundary 
layer depth can be derived from the RWP and Sodar/mini-Sodar reflectivity data.   
 

Sodar Accuracy  (instrument 
specifications) 

ASC 4000 MiniSodar ASC 2000 Sodar 

 Horizontal Wind Speed  0.5 m/s 0.5 m/s 
 Horizontal Wind Direction ±5° ±5° 
   
Maximum Altitude  200 meters 600 meters 
Sampling Height Increment 5 meters 20 meters 
Minimum Sampling Height 15 meters 40 meters 
Transmit Frequency 4500 Hz.  2000 Hz. 
Averaging and Reporting Interval 1 to 60 minutes 1 to 60 minutes 

 
 
3.5 Remote Sensing of Upper-Air Temperature and Relative Humidity 
 
Vertical temperature and relative humidity profiles were obtained using a Radiometrics Model 
TP/WVP-3000 Profiling Radiometer.  The TP/WVP-3000 produces vertical temperature and 
water vapor profiles from the surface to 10 km in height.  The TP/WVP-3000 includes two radio 
frequency (RF) subsystems in the same cabinet that share the same antenna and antenna 
pointing system.  The temperature profiling (TP) subsystem utilizes sky observations at selected 
frequencies between 51 and 59 GHz. The water vapor profiling (WVP) subsystem receives at 
selected frequencies between 22 and 30 GHz. Surface meteorological sensors (Met Sensors) 
measure air temperature, relative humidity and barometric pressure.  To improve the 
measurement of water vapor and cloud liquid water density profiles, the TP/WVR-3000 also 
measures cloud base temperature using a zenith-pointed infrared thermometer (IRT).  All 
Profiling Radiometers have been designed for ease of use, accuracy, reliability, portability, and 
operation on a minimum of power. They only use passive technology, thus they do not emit any 
detectable radiation.  The TP/WVP-3000 is shown in Figure 3-5.  
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Figure 3-5.  Radiometrics Profiling Radiometer 
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4. FIELD PROGRAM 
 
4.1 Supplemental Sites 
 
The SLOTS supplemental surface measurement at Mt. Pass and MOP operated from May 25 
through September 4, 2007.  Technicians visited the sites weekly to verify that all equipment 
was operating and to conduct zero/span checks of the 2B ozone analyzers.  Data recovery was 
very good at both sites, with only the following missing data: 
 

• A week of ozone data was lost at both sites from June 6 to June 13 because of 
incorrectly installed filters in the inlet filter holder. 

• Two days of ozone were lost in late June at MOP because of pump failure.  Pumps 
were changed at both sites. 

 
For the surface meteorological measurements at the two sites, no data were missing.  
However, the wind data collected at these two sites is of limited use, due to siting. It is our 
opinion that local terrain dominated the measurements rendering the data unrepresentative of 
regional flows.  As demonstrated in Figure 4-1, the wind data collected from Mt. Pass in 
unidirectional, coming from the west-southwest at virtually all hours throughout the study.  
Similarly, the winds at the MOP site are from just two basic directions, coming exclusively from 
the southwest during daytime hours and from the north-northwest during the nighttime and 
dusk hours.  With no day-to-day variability, the surface winds from these two sites did not play 
any role in the analysis effort (Section 7). 
 
Sodars at Jean and Mt. Pass operated from June 1 through August 30, 2007.  Due to preamp 
problems, the failure of all of the diaphragms in the antennas, and frequency shifting problems 
that required a reworking of the sodar electronics, the sodar components for the Mt. Pass sodar 
needed at one point to be returned to the manufacturer for repair.  Consequently, the Mt. Pass 
sodar did not start collecting valid data until June 20.  Battery problems at the Jean site resulted 
in power problems and the loss of sodar data at the Jean site for approximately 1 ½ days 
around July 11.  With those exceptions, the sodars collected good data throughout the study 
period. 
 
Similar to the surface winds at Mt. Pass, the sodar data for Mt. Pass is too unidirectional due to 
terrain channeling to be of much value for analysis.  Figure 4-2 presents wind roses of the 
sodar data collected at Jean and Mt. Pass during the three-month study period.  Data for the 
260-meter level is shown as this level is typically the highest level routinely collected by both 
sodars, and is representative of transport winds at an altitude where the effect of the surface is 
at least reduced.  Similar to the surface winds at Mt. Pass, the sodar winds show winds almost 
exclusively coming from a quadrant centered around the west-southwest direction.  In 
retrospect, this monitoring location is clearly influence by higher terrain to the north and south 
that funnels the winds through the area.  This funneling prevents data from this sited from 
providing routine confirmation of synoptic flows. 
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Figure 4-1.  Wind Roses for SLOTS Supplemental Sites 
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Jean – June 2007 

 
Mt. Pass – June 2007 

 
Jean – July 2007 

 
Mt. Pass – July 2007 

 
Jean – August 2007 

 
Mt. Pass – August 2007 

 
 

Figure 4-2.  260-meter Winds at Mt. Pass during June 2007 
.  
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4.2 Intensive Operation Periods (IOPs) 
 
As stated in Section 2, IOPs were initiated to investigate two distinctly different scenarios:  
transport of ozone by urban plumes from California to Clark County, and the effect that wildfire 
plumes have on Clark County ozone concentrations.   Since urban transport had been 
investigated to some extent during the Ozone Characterization Study and the 2005 CROPS 
study, some preference was given to investigating wildfire smoke.  Thus, after a relatively 
successful urban transport related IOP in mid-June, the decision was made to save resources 
for the wildfire smoke investigation, anticipating wildfires in July and August.   
 
Table 4-1 lists the IOPs conducted during SLOTS.  As it turned out, the 2007 wildfire season 
was very light.  No wildfires occurred in or near the Las Vegas region, and only two fires in 
California were within a distance of having any potential impact on Clark County, or were out of 
range for aircraft.  Furthermore, as will be discussed in Section 7, conditions for urban transport 
turned out to occur almost exclusively in June. 
 
 

Table 4-1.  Intensive Operation Periods during SLOTS 

Date Investigative Goal Comments 
June 22-24 Urban transport IOP providing evidence of interstate transport, though 

no exceedances noted in Clark County. 
June 25-26 Wildfire smoke Investigation of the White fire near Mojave, CA.  Flights 

into California to investigate, since the fire was not 
directly impacting Clark County. 

July 16-17 Urban transport Weak transport event which ultimately did not impact 
Clark County 

August 8-9 Wildfire smoke Investigation of the Zaca fire in Santa Barbara county, 
CA.  Flights into California to investigate, since the fire 
was not directly impacting Clark County. 

 
 
While the intention was to target IOPs for periods of exceedance or near exceedance ozone 
concentrations, it is important to note that IOPs did not occur during several days when ozone 
exceedances were recorded in Clark County.  A detailed summary of ozone conditions during 
SLOTS is presented in Section 7.1.  Several periods of high ozone concentrations stand out, in 
particular the following: 
 

• June 16 – The decision to call an IOP was based on the balancing of a number of 
factors, including meteorological forecast, study goals, and available resources.  In 
hindsight, this turned out to be a day with a significant urban transport component.  At 
the time of the decision, however, the meteorological forecast, while meeting many of 
the conceptual model criteria, did not appear to be entirely favorable for transport.  As 
described above, the meteorological conditions conducive for transport center around a 
weak upper-level trough that allows for significant southwesterly flow from source areas 
without significant dispersion.  In this case, forecasts showed the trough to be too strong, 
portending more unstable conditions that would hinder the accumulation of ozone 
concentrations in the source areas and possibly disperse concentrations over the 
transport path.  This forecast, coupled with a general reluctance to “waste” available 
resources so early in the study and the expectation that better situations would 
materialize, resulted in the decision to not call an IOP. 
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Unfortunately for the study, the meteorological conditions that occurred on June 16 were 
much more favorable for transport than predicted.  An almost identical situation occurred 
a week later.  Based on this recent experience, an IOP was called for June 22 through 
24, looking for a repeat of the 16th.  While this period in this case turned out to have a 
slightly stronger than desired trough, the IOP was successful in identifying and tracking a 
distinct urban plume entering the study area (see Section 7.1.1). 

• June 27 – Favorable transport conditions were also forecasted to occur on this day.  
However, smoke from the White Fire was impacting the area, and it was speculated that 
it would not be possible to differentiate between impact due to the White Fire and impact 
due to an urban plume.  Thus, the decision to not call an IOP was made.  This 
supposition was confirmed during the analysis of the White Fire IOP (see Section 7.2.1).  

• July 28 – This day was forecasted to have stagnant conditions within Clark County with 
little opportunity for a significant transport component, so no IOP was called.  This turned 
out to be the case. 

• August 21 – Higher concentrations on this day were somewhat unexpected as ozone 
concentrations in the major source areas were low.  It is likely that smoke from the Zaca 
Fire impacted the area (see Section 7.2.2).  The Zaca fire had been studied during a 
previous IOP, and trajectories from the fire were difficult to predict accurately over the 
distance to Clark County.  Thus, an IOP for this day was never considered. 

 
The concentration of actual transport conditions into the first third of the study and the lack of 
wildfires during the season resulted in some unused assets.  Thus, realizing that data regarding 
the transport and fire impact days mentioned above (including the SLOTS continuous 
measurement data) could still prove useful in addressing study goals, these assets were used to 
conduct analyses of these non-IOP days (with the exception of July 28).  The reader is referred 
to the discussions in Section 7. 
 
4.3 Radar Profiler / Mini Sodar 
 
The radar profiler and mini-sodar did not become operational at the North Las Vegas site until 
July 11 because of delays associated with supplying power to the site.  Thus, these data were 
not available for June when conditions for transport were most ideal.  Furthermore, upper air 
data from this site was of limited usefulness for studying the Zaca fire because of the fire’s 
distance from Las Vegas. 
 
Nevertheless, the systems preformed well and over the course of their operation, with 
uninterrupted service.  As part of the study, performance checks of the systems were conducted 
using collocated rawinsonde releases.  A total of three rawinsonde releases were occurred on 
August 30 and 31 at the North Las Vegas site.  Results of the comparisons for the radar profiler 
are presented in Tables 4-2 and 4-3.  Key to interpreting the results are the systematic and 
RMS (root mean square) differences for the two radar components.  EPA audit criteria state that 

the systematic difference for each component should be within ±1 m/s and the RMS difference 
should be less than 2 m/s.  As the results show, the profiler met these criteria.  Figure 4-3 
graphical presents the comparisons, showing the good agreement between the radar profiler 
and the rawinsondes under a variety of wind conditions. 
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Though rawinsondes are not typically used for performance checks of sodars, a similar 
comparison can be made with the Mini-sodar.  Results of this comparison are presented in 
Table 4-4.  The table presents comparisons for each of the three rawinsonde releases.  The first 
and third comparisons were conducted under very light wind conditions.  Consequently, 
differences between the Mini-sodar and the rawinsonde wind direction are noted, thought wind 
speed is consistent between the two methods.  Using the component criteria describe above for 
the radar profiler comparison, one sees that under these light wind conditions, the Mini-sodar 
meets performance criteria for remote wind measurements.  The middle comparison was 
conducted under higher, steady wind conditions.  A persistent 25 degree difference is noted 
between the Mini-sodar and the rawinsonde wind direction, thought once again there is good 
agreement for wind speed.  This difference in wind direction is most likely due to a limitation with 
this comparison method – namely that the rawinsonde provides a “snapshot”, whereas the Mini-
sodar generates an hourly average.  Mini-sodar data for the previous hour showed wind 
directions of 280 degrees for all altitudes, identical to the rawinsonde data.  Thus, it is very 
possible that winds from this direction persisted into the 1500 hourly average before shifting 
higher.  In summary, the comparison demonstrates a properly functioning instrument.  
 
 

Table 4-2.  Statistics for Radar Profiler Comparison - Low Mode 
 

NUMBER OF DATA PAIRS 

-------------------- 

         |       |         |            Vector Wind 

         | Compo-| Virtual |          Threshold (m/s) 

   Date  |  nent |   Temp  |  0  |  1  |  2  |  3  |  4  |  5   

--------------------------------------------------------------- 

  8 30  7     17        0     17    16    12     3     0     0 

  8 30  7      9        0      9     9     9     9     9     9 

  8 30  7     15        0     15    15     7     4     0     0 

 

--------------------------------------------------------------- 

    Total     41        0     41    40    28    16     9     9 

 

 

STATISTICAL EVALUATION OF DIFFERENCES 

------------------------------------- 

          |                     |                      Vector Wind Threshold (m/s) 

          |                     |    -0-    |    -1-    |    -2-    |    -3-    |    -4-    |    -5-     

Difference| Comp 1 Comp 2  Tvirt|    WS   WD|    WS   WD|    WS   WD|    WS   WD|    WS   WD|    WS   WD 

-------------------------------------------------------------------------------------------------------- 

Systematic|    0.2   -0.3 -999.0   -0.1  -13   -0.1  -10   -0.2  -10   -0.0  -12    0.3  -21    0.3  -21 

RMS       |    1.7    1.5 -999.0    1.2   45    1.2   40    1.4   34    1.6   23    1.9   27    1.9   27 

Minimum   |    0.0    0.0 -999.0    0.0    1    0.0    1    0.0   -1    0.0   -1   -0.4   -1   -0.4   -1 

Maximum   |    4.5   -4.1 -999.0   -3.2 -146   -3.2 -117   -3.2 -106   -3.2  -45   -3.2  -45   -3.2  -45 

-------------------------------------------------------------------------------------------------------- 
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Table 4-3.  Statistics for Radar Profiler Comparison - High Mode 
 
NUMBER OF DATA PAIRS 

-------------------- 

         |       |         |            Vector Wind 

         | Compo-| Virtual |          Threshold (m/s) 

   Date  |  nent |   Temp  |  0  |  1  |  2  |  3  |  4  |  5   

--------------------------------------------------------------- 

  8 30  7     17        0     17    17    13     5     3     2 

  8 30  7      4        0      4     4     4     4     4     4 

  8 30  7     10        0     10    10     7     5     1     0 

 

--------------------------------------------------------------- 

    Total     31        0     31    31    24    14     8     6 

 

 

STATISTICAL EVALUATION OF DIFFERENCES 

------------------------------------- 

          |                     |                      Vector Wind Threshold (m/s) 

          |                     |    -0-    |    -1-    |    -2-    |    -3-    |    -4-    |    -5-     

Difference| Comp 1 Comp 2  Tvirt|    WS   WD|    WS   WD|    WS   WD|    WS   WD|    WS   WD|    WS   WD 

-------------------------------------------------------------------------------------------------------- 

Systematic|   -0.1   -0.0 -999.0    0.0   -1    0.0   -1    0.0   -9    0.4   -2    0.9    2    1.3    5 

RMS       |    0.9    1.3 -999.0    1.0   44    1.0   44    1.0   24    1.1    9    1.4    7    1.6    7 

Minimum   |    0.0    0.1 -999.0    0.0    1    0.0    1    0.0    1    0.1   -2   -0.2   -3    0.3   -4 

Maximum   |   -2.1   -3.6 -999.0    2.8  134    2.8  134    2.8  -81    2.8  -18    2.8   12    2.8   12 

-------------------------------------------------------------------------------------------------------- 

 
 
 
 

 
 

Figure 4-3.  Time-height Cross-sections Comparing Radar Profiler with Rawinsondes.  
Rawinsondes occurred during hours 11, 15, and 05. 
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Table 4-4.  Mini-sodar/rawinsonde Comparison 

 
 
4.4 Radiometer 
 
For the reasons stated in Section 4.3, the radiometer did not begin operating until July 11, 2007, 
but provided continuous, uninterrupted operation thereafter through the end of the study on 
August 31, 2007. 
 
Figures 4-4 through 4-6 show plots of the three comparisons of the radiometer with the 
rawinsondes on August 30 and 31.  The plots show the general very good agreement in the 
temperature profiles.  These plots do illustrate a fundamental limitation with the radiometer, in 
that it did not pick up the small elevated-inversions, such as those readily apparent in the 
rawinsonde profile in Figure 4-5, and to a lesser extent in the other two figures.  These 
inversions are frequently accompanied by noticeable changes in the moisture, show by the dew 
point temperature, and indicate layering that past experience has shown can play a significant 
role in trapping ozone. 
 

8/30/07 1100 8/30/07 1500 8/31/07 0500

HT SPD DIR SPD DIR SPD DIR SPD DIR SPD DIR SPD DIR SPD DIR SPD DIR SPD DIR

(meters) m/s deg m/s deg m/s deg m/s deg m/s deg m/s deg m/s deg m/s deg m/s deg

200 99.99 9999 99.99 9999 99.99 9999

195 99.99 9999 99.99 9999 99.99 9999

190 99.99 9999 99.99 9999 99.99 9999

185 99.99 9999 99.99 9999 99.99 9999

180 99.99 9999 99.99 9999 99.99 9999

175 99.99 9999 99.99 9999 99.99 9999

170 99.99 9999 99.99 9999 99.99 9999

165 99.99 9999 99.99 9999 99.99 9999

160 99.99 9999 99.99 9999 99.99 9999

155 99.99 9999 99.99 9999 99.99 9999

150 99.99 9999 99.99 9999 99.99 9999

145 99.99 9999 99.99 9999 99.99 9999

140 3.12 94 1.3 194 1.8 -100 99.99 9999 99.99 9999

135 2.96 99 1.1 204 1.9 -105 99.99 9999 99.99 9999

130 2.35 100 1.1 215 1.3 -115 4.96 302 5.4 286 -0.4 16 99.99 9999

125 2.05 101 1 226 1.1 -125 5.52 301 5.3 286 0.2 15 99.99 9999

120 1.75 106 0.9 232 0.9 -126 5.36 302 5.3 286 0.1 16 99.99 9999

115 1.63 107 0.8 235 0.8 -128 5.59 304 5.2 285 0.4 19 99.99 9999

110 1.26 110 0.7 235 0.6 -125 5.82 302 5.2 285 0.6 17 99.99 9999

105 1.03 109 0.5 226 0.5 -117 5.76 304 5.2 284 0.6 20 99.99 9999

100 0.85 105 0.5 209 0.4 -104 5.6 303 5.2 284 0.4 19 99.99 9999

95 0.72 103 0.6 192 0.1 -89 5.5 304 5.2 283 0.3 21 0.97 231 1.2 205 -0.2 26

90 0.59 114 0.6 178 0.0 -64 5.57 308 5.2 283 0.4 25 0.94 224 1.2 202 -0.3 22

85 0.48 127 0.7 171 -0.2 -44 5.57 307 5.3 282 0.3 25 0.89 234 1.2 199 -0.3 35

80 0.41 110 0.8 161 -0.4 -51 5.63 307 5.4 281 0.2 26 1.06 237 1.3 196 -0.2 41

75 0.44 123 1 157 -0.6 -34 5.53 309 5.4 281 0.1 28 1 242 1.3 193 -0.3 49

70 0.3 129 1.1 154 -0.8 -25 5.49 310 5.5 281 0.0 29 1.07 239 1.4 191 -0.3 48

65 0.35 125 1.2 151 -0.9 -26 5.31 311 5.5 280 -0.2 31 1.11 243 1.5 191 -0.4 52

60 0.39 129 1.2 147 -0.8 -18 5.31 311 5.5 280 -0.2 31 1.29 240 1.5 194 -0.2 46

55 0.29 142 1.1 145 -0.8 -3 5.3 310 5.5 280 -0.2 30 1.15 250 1.6 198 -0.5 52

50 0.34 140 1 146 -0.7 -6 5.29 309 5.4 280 -0.1 29 1.33 249 1.5 204 -0.2 45

45 0.43 140 0.9 149 -0.5 -9 5.21 309 5.4 280 -0.2 29 1.27 262 1.5 211 -0.2 51

40 0.44 124 0.6 156 -0.2 -32 5.07 309 5.2 280 -0.1 29 0.99 273 1.4 216 -0.4 57

35 0.37 128 0.6 160 -0.2 -32 4.87 310 5.2 280 -0.3 30 0.97 279 1.4 220 -0.4 59

30 0.32 157 0.5 173 -0.2 -16 4.83 308 5 280 -0.2 28 1.22 283 1.4 225 -0.2 58

25 0.28 123 0.4 192 -0.1 -69 4.55 309 4.8 281 -0.3 28 1.14 278 1.3 236 -0.2 42

20 0.34 118 0.4 209 -0.1 -91 4.36 307 2.6 281 1.8 26 1.2 291 1.2 241 0.0 50

15 0.84 115 0.4 217 0.4 -102 3.73 305 4.2 282 -0.5 23 1.1 303 1.2 250 -0.1 53

Average 0.1 -67.5 Average 0.1 24.6 Average -0.3 46.2

Sys diff RMS diff Sys diff RMS diff Sys diff RMS diff

Comp 1 0.89 1.51 0.810 1.000 -0.36 0.45

Comp 2 0.40 0.49 2.000 2.100 0.90 0.93

Rawinsonde DifferenceMini-sodar Rawinsonde Difference Mini-sodarMini-sodar Rawinsonde Difference
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Regardless, the temperature profiles from the radiometer appear to be comparable to those 
from other remote sounding equipment.  Comparison statistics were calculated for the sounding 
with the greatest visual differences, the sounding on the morning of August 31.  The EPA RASS 
performance criteria for rawinsonde comparisons require the systematic difference to be within 

±1.0°C and the RMS difference less within 1.5°C.  For an altitude range comparable to a RASS, 
the radiometer easily met these criteria for the sounding in question, with a systematic 

difference of –0.4°C and an RMS difference of 0.9°C. 
 
The comparison profiles also show that the radiometer systematically over reports dew point 
temperature.  The general profile of the dew point temperature is duplicated by the radiometer, 
though once again some of the finer details are understandably missed.   
 
The response to humidity may be improved in further operations by additional calibrations.  For 
this study, the factory calibration was used, and the instrument performance was verified by 
conducting a “TIP” calibration, as described in the operator’s manual.  The more logistically 
complicated “LN2” calibration, which involves the use of liquid nitrogen, was not conducted, 
since the North Las Vegas site was only temporary and the radiometer had to be uninstalled 
after only 50 days of service.   
 
 
 
 

 
Figure 4-4.  Radiometer/Rawinsonde Comparison – August 30, 1100 PST 

(Radiometer profile is in red) 
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Figure 4-5.  Radiometer/Rawinsonde Comparison – August 30, 1500 PST 

 
 
 
 

 
 

Figure 4-6.  Radiometer/Rawinsonde Comparison – August 31, 0500 PST 
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5. QUALITY ASSURANCE AND DATA VALIDATION 
 
Quality assurance (QA) for SLOTS was achieved through a number of specific efforts, which are 
summarized below. 
 
5.1 Project Plan 
 
The project plan was created and submitted to the DAQEM in the document “Draft  
Monitoring and Quality Assurance Plan - Southwest Desert / Las Vegas Ozone Transport Study 
(SLOTS)” prior to starting the study.  In addition, a frequently updated, project-specific web site 
was created and made accessible through the Internet.  The web site contained the following 
web pages: 
 

• Study Overview - This page presented a brief overview of the study, the study 
objectives, and study schedule. 

• What’s New? – This page served as “document control” for the web site, providing a 
complete history of all modifications to the web site.  Anytime the web pages were 
expanded or modified, a brief summary and the date of the modification were posted. 

• Project Status – This page provided information regarding the readiness of participants’ 
monitoring efforts.  The page was particularly important during the early stages of the 
study period for helping to maintain the study schedule. 

• Study Forecast – This page provided for the communication of study-specific information 
regarding forecasted ozone conditions, and served as the alert for IOPs and episode-
mode monitoring efforts.   

• Monitoring Sites – This page provided a description of the SLOTS measurements and a 
map of the measurement locations. 

• Project Participants – This page provided a list of the SLOTS participants, a summary of 
each participant’s study responsibilities, and contact information for key individuals. 

• Planning Documents – This page requested and posted measurement quality assurance 
documentation.  This is discussed in more detail below. 

• Preliminary Analysis – This page provided participants with a means to present 
preliminary analysis of collected data.  This in turn provided study management with 
feedback regarding collected data versus study goals, and the means of refining the 
monitoring effort, if needed.  

 
5.2 Quality Assurance/Quality Control Documentation 

  
Quality assurance procedures were presented in the Monitoring and Quality Assurance Plan 
referenced above.  As part of the quality assurance program, detailed quality control procedures 
were implemented to assess and maintain control of the quality of the data collected.  All 
equipment underwent complete checkout and acceptance prior to the start of monitoring.   
Complete quality control procedures were included in the standard operating procedures 
(SOPs) for measurements, which were included as an appendix to the Monitoring and Quality 
Assurance Plan. 
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Summaries of key elements of the QC program for each measurement are presented below: 
 
Ozone Analyzers and Samplers 
The 2B ozone analyzers were routinely checked using a certified transfer standard, following 
operating procedures consistent with EPA guidelines.  This consisted of zero and span checks 
conducted weekly using a 2B 306 (S/N 2) portable ozone transfer standard certified against 
T&B Systems primary standard maintained at their office in Valencia, CA following EPA 
guidelines at the beginning and end of the 2007 summer study.   
 
Aircraft Samplers 
QA/QC for the aircraft ozone sampler included a zero and ground-truth check prior to each 
intensive flight.  The DustTrak was subject to zero and flow checks each intensive flight. 
 
Radar Profiler, T/RH Radiometer, miniSodar and Sodar 
The status of the instruments was checked daily via remote access of the data.  The data were 
transferred hourly to T&B Systems Internet server using a high-speed cellular Internet modem 
where they were posted to a web site in real-time.  This enabled team members to review the 
data and use the measurements to assist in IOP forecasting.  Daily reviews included a general 
scan of the data to identify instrument problems.   
 
The calibration method for each of the air quality and meteorological variables is summarized in 
Table 5-1.   All ozone analyzers and samplers were calibrated at the beginning and end of the 
study using a transfer standard certified against T&B Systems primary standard maintained per 
EPA’s guidelines at their office in Valencia, CA. 
 
All meteorological sensors were calibrated at the beginning and end of the study.  Wind speed 
sensors were calibrated using an RM Young constant rpm motor simulating wind speeds at 
several points across the sensor’s operating range.  Wind direction sensors were calibrated by 

checking responses in 30° to 45° increments.   
 
 

Table 5-1.  Calibration Methods for the Monitored Variables 

Measurement Variable Calibration Method 

Ozone (O3) 
Multipoint comparison of ozone concentrations with 
certified ozone transfer standard  

Wind Speed 
Rotational rate using a selectable speed anemometer 
drive 

Wind Direction 
Alignment using true north and linearity with a directional 
protractor 

Temperature Water bath comparisons to a certified transfer standard 

Relative humidity Collocated comparisons to a certified transfer standard 

 
 
At the end of the study, a standardized metafile format was generated for submission of 
collected data.  Information from MQOs and SOPs were combined and included in the 
metafiles.  The metafiles contained additional descriptions of QA/QC activities, as well as 
pictures of all of the monitoring locations.  Metafiles for all of the SLOTS measurements are 
included in the data submission. 
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5.3 Data Validation 
 
All data collected for SLOTS were validated to Level 1 validation (see Section 6).  As part of the 
validation effort, key personnel were requested to evaluate whether data collected met the 
stated MQOs.  If data clearly did not meet MQOs, they were removed from the database as 
invalid data.  If, however, data missed meeting the primary MQOs in a definable way to the point 
where the data were still considered useful, secondary MQOs could be assigned to the data in 
question.  This use of secondary MQOs is specifically documented in the metafiles.  
 
 
 



 

T&B Systems – SLOTS Final Report  6-1 

6. DATABASE DESIGN 
 
A primary study objective was to produce an adequately documented and validated data set from 
the field measurements.  The overall goal of the data management effort was to create a system 
that is straightforward and easy for users to obtain data and provide updates.    
 
The raw data was validated to level 1 as described in “The Measurement Process: Precision, 
Accuracy, and Validity” before being submitted to the database.  This included flagging values for 
instrument downtime and performance tests, applying any adjustments for calibration deviation, 
investigating extreme values and applying appropriate flags.  Flags used for CCROPS are 
presented in Table 6-1.   
 
Included in the database are specifics of the monitoring equipment used in the field study and any 
additional site information that enhances the overall documentation of the study.  In particular, 
Monitoring Quality Objectives (MQOs) which define the quality of all data submitted as “valid” are 
included.  These MQOs contain the following: 
 

• Accuracy 

• Precision 

• Lower quantifiable limit 

• Resolution 

• Completeness 

 
If cases exist where data did not meet the primary MQOs but is still deemed useable and can be 
defined with a secondary set of MQOs, these additional MQOs and the dates to which they apply 
were also submitted. 
 
 

Table 6-1.  Data Flags 

Flag Description 
V Valid.  Data meets primary MQOs. 

S 
Valid, but does not meet primary MQOs.  Secondary MQOs 
in effect. 

I Data invalid. 
M Missing.  Measurement not taken. 

 
 
Once the data were validated to level 1, the data were prepared for submittal to the database in a 
form that clearly defined the time reference, averaging period, parameter names and units.  The 
time reference for the database is local standard time (Pacific Standard Time) and the averaging 
period reference was standardized to hour beginning (0 – 23).  The data were submitted as ASCII 
comma delimited text files or excel spreadsheet files, with data columns well defined to clarify site 
identification, parameters, instrumentation, units, and time reference.   
 
A metadata file for each measurable is also included.  This metadata file includes all pertinent 
information regarding the measurement process, including the information described in  
Section 3.   
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Preliminary Database Management Design 
 
The data have been merged into an integrated relational Microsoft ACCESS database submitted to 
the DAQEM as one of the deliverables.  The database consists of both information and data files.  
The goal was to make the database easily usable by both current and future researchers. 
 
The following describes the preliminary design for the database.  The database includes an 
inventory spreadsheet file to help users track and ensure all of the data was submitted and 
processed in a timely and consistent manner.  All data files submitted were examined to verify 
unique names for all sites, instruments, and parameters so that no orphan or duplicate records exist 
in any of the tables.  A system was also designed for identifying the version and or modification 
date of all data files. 
 
The main metadata file is a site file that contains all site information as specified above.  Data were 
organized and grouped together by platform, averaging period and data type.   
 
Surface hourly meteorological data have the following flat format:  
 
Surface Hourly Meteorological Data 
 
SITE, DATE, HOUR, WS, WS_QC, WD, WD_QC, TP, TP_QC, and any additional met parameters 
and QC codes, if collected. 
 
There are three file types for surface air quality with the following formats: 
 
Ozone 8-hr Averaged: 
 
SITE, DATE, HOUR, O3_8HR, O38HR_QC 
 
Hourly Surface Air Quality: 
 
SITE, DATE, HOUR, OZONE, O3_QC, NO, NO_QC, NOx, NOx_QC, NOy, NOy_QC, PAN, 
PAN_QC and any additional air quality parameters if collected and QC codes. 
 
PARAMETER2, PARAMETER3,..PARAMETERn, notes 
 
Upper-Level Meteorological and Air Quality Data  
 
The rawinsonde, airplane, sodar, radar wind profiler and microwave profilers data measured during 
episode-mode operations are stored together in a file with the following format: 
 
SITE, DATE, TIME, HEIGHT, PRESSURE, PRESSURE_QC,  
O3, O3_QC, WS, WS_QC, WD, WD_QC, TP, TP_QC, RH, RH_QC 
 
The data are formatted into the final database with the following unit configurations and naming 
conventions:  
 
Parts per million for O3, NOx, NOy 
Meters per second for wind speed (as a general rule, metric units will be used) 
Degrees Celsius for ambient temperature 
Percent for relative humidity 
Parts per Billion Carbon for non-methanated hydrocarbon species  
 
 SITE = Alpha-numeric site code identifier  
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 DATE = (MM/DD/YY) 
 HOUR= Nearest whole begin hour (HH) (PST) 
 TIME, START_TIME or END_TIME = Time stamp of data (HH:MM:SS) (PST) 
 HEIGHT = Elevation in meters above MSL 
 QC_CODE (for NMHC-VOC), WS_QC, WD_QC, O3_QC, etc =  
 “V” (valid), “M” (missing), “I” (invalid), “S” (secondary MQOs) 
 NOTES = any additional information  
 
The level 1 data files along with the documentation files are available for download on an FTP 
server.   
 


