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1. OVERVIEW OF MODELING STUDY
1.1 Background

Under the 1990 Clean Air Act Amendments, the Maricopa County nonattainment area was
initially classified as Moderate for the one-hour ozone National Ambient Air Quality
Standards (NAAQS). The area did not achieve the NAAQS for one-hour ozone by the
required deadline of November 19, 1996. The one-hour ozone nonattainment area was
subsequently reclassified to Serious, effective February 13, 1998. The deadline for
Serious areas to attain the one-hour ozone standard was November19, 1999. There have
been no exceedances of the one-hour ozone standard in the nonattainment area since
1996.

The Maricopa Association of Governments (MAG) prepared the One-hour Ozone
Redesignation Request and Maintenance Plan which was submitted to EPA in 2004 [3].
EPA subsequentiyredesignated the Maricopa County one-hour ozone nonattainment area
to attainment, effective June 14, 2005; EPArevoked the one-hour ozone standard on June
15, 2005.

On April 30, 2004, EPA published the final rule designating eight-hour ozone
nonattainment areas, effective June 15, 2004. A 5,000 square mile area located mainly
in Maricopa County and Apache Junction in Pinal County was designated as a
nonattainment area for eight-hour ozone. The Maricopa eight-hour ozone nonattainment
area is classified as “Basic” under Part D, Subpart I, of the Clean Air Act, with an
attainment date of June 15, 2009.

As the designated Regional Air Quality Planning Agency, MAG conducts modeling of
emissions and pollutant concentrations and prepares the air quality plans necessary for
attainment and maintenance demonstrations in the Maricopa nonattainment area. This
protocol is developed to detail and formalize procedures for conducting all phases of the
modeling for the eight-hour ozone attainment demonstration.

The primary objective of the study is to determine whether the region will attain the eight-
hour ozone standard by June 15,2009. EPA requires that all control measures necessary
to demonstrate attainment be implemented prior to the start of the ozone season preceding
the attainment year [13]. To satisfy this requirement, MAG will model the impact of control
measures on the attainment of the eight-hour ozone standard during the 2008 ozone
season.

A secondary objective of the modeling study is to evaluate the complex chemical
relationships between precursor emissions of volatile organic compounds and nitrogen
oxides and the formation of ozone. This evaluation will determine if the region qualifies for
a NO, exemption under section 182(f) of the Clean Air Act [11].



Key objectives to be accomplished in this protocol document are to enhance technical
credibility, encourage the participation of all interested parties, lay out responsibilities of all
participants, provide for consensus-building concerning modeling issues, and provide
documentation for technical decisions to be made in applying the models.

The protocol document describes procedures for conducting all phases of the modeling
study. These include:

- identifyingthe background, objectives, tentative schedule, and organizational structure;

- developing the necessary input data bases;

- performing quality assurance and diagnostic model analyses;

- conducting model performance evaluations and interpreting results;

- describing procedures for using the model to demonstrate whether adopted control
strategies are sufficient to demonstrate attainmentof the eight-hour ozone standard; and

- evaluating the relationships between precursor emissions and ozone formation.

Procedures described in this protocol are intended to foster confidence in the modeling and
technical analyses that support the attainment demonstration and request for a NOx
exemption, if warranted.

1.2 Conceptual Model

MAG has conducted an analysis of eight-hour ozone data during the five-year period 2000
through 2004 in order to develop a conceptual model for the eight-hour ozone attainment
demonstration. Major features of the conceptual model for the Maricopa nonttainment
area are as follows. High ozone concentrations generally occur in May through
September, when the weather is hot, covered by clouds, and with stagnant to light winds
blowing from the east and southeast. More than 90 percent of high ozone events occur
when the daily maximum temperatures are above 90° Fahrenheit (F}. High ozone levels
tend to occur when dew pointtemperatures are higher than the average. Most high ozone
days occur when a low sea level pressure systemi resides over southwestern Arizona and
a high sea level pressure system occurs over northeastem Arizona.

A detailed conceptual description for each episode is provided in Attachment II, Appendix
G. A comparison of the conceptual model with eight-hour ozone modeling results will be
included in the Technical Support Document.

1.3 Management Structure and Committees

MAG has responsibilities for regional involvement in a number of planning issues, and has
established an extensive mechanism for ensuring coordinated policy direction from elected
officials, coordinated management and technical input, advice from the appropriate
agency staff, as well as direct citizen input. Figure 1-1 displays the MAG Policy Structure
and Figure 1-2 presents the MAG Committee Structure. All policy committees and formal
technical committees follow the Arizona open meeting law which requires, among other
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requirements, the posting of meeting notices and agendas at least 24 hours prior to any
meeting.

The MAG Regional Council is the governing body of MAG. It is comprised of elected
officials from each member agency, two ex-officio members representing the Arizona State
Transportation Board, and a representative from the Citizens Transportation Oversight
Committee. This composition of elected officials is a reflection of citizen input at the local
government level. The MAG Regional Council agenda includes a call to the audience,
providing the opportunity for public comments at each monthly meeting.

MAG holds at least one formal public meeting prior to the adoption of any new or update
to the nonattainment area plan. Formal public meetings are advertised locally at least 30
days prior to the meeting date and documentation is available for public review during this
30-day period. Draft documents are distributed to appropriate federal, state, and local
agencies for review and comment during this period. Comments received are analyzed
with a staff response for consideration by the MAG Air Quality Technical Advisory
Committee and MAG Regional Council before taking approval action. Documentation of
the comments and responses are incorporated into the plan document.

Due to the technical complexity of many MAG programs, committees consisting of
professional experts are often needed to assist in program development. The Air Quality
Technical Advisory Committee is composed of representatives from eight MAG member
agencies, citizens, environmental interests, health interests, automobile industry, fuel
industry, utilities, public transit, trucking industry, rock products industry, construction firms,
housing industry, architecture, agriculture, industry, business, parties to the Air Quality
Memorandum of Agreement, and various State and Federal agencies. The role of the
Technical Advisory Committee is to review and comment on technical information
generated during the planning process and make recommendations to the MAG
Management Committee.

1.4 Participating Organizations

Technical oversight for this project will be provided by the Air Quality Planning Team. This
team includes staff representatives from the Maricopa Association of Governments (MAG),
the Arizona Department of Environmental Quality (ADEQ), the Arizona Department of
Transportation (ADOT), and the Maricopa County Air Quality Department (MCAQD). The
activities of this working group are directed by a Memorandum of Agreement among the
agencies involved (see Attachment I). Representatives of other agencies, including EPA
and the U.S. Department of Transportation, will be consulted on technical matters, as
needed. The Air Quality Planning Team willmeet as necessary during the ozone modeling -
effort. Periodic reports on the status and progress of various phases of the modeling work
will be presented at these meetings, and technical issues will be discussed and resolved.
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1.5

Schedule

The eight-hour ozone analysis for the Maricopa Nonattainment Area will include the
following tasks. The schedule for these tasks is presented graphically in Figure 1-3.

1.

Prepare a protocol document (this document) describing the purpose,
background, and the procedures to be followed in the remainder of the analysis.
This document also specifies the modeling domain and identifies three modeling
episodes. (Completion Date: January 31, 2006)

. The ozone precursor emissions inventory reported in “2002 Periodic Emissions

Inventory for Ozone Precursors” [6] will be input to the Emission Preprocessor
System 3, which will reformat the data into the appropriate CAMx input files for
the 2001 and 2002 episodes. (Completion Date: February 28, 2006)

Prepare onroad mobile source emissions using MOBILE6 and M6Link for the
2001 and 2002 episode periods. (Completion Date: February 28, 2006)

Develop land use, meteorological and air quality inputs for the 2001 and 2002
episode periods. (Completion Date: February 28, 2006)

Develop biogenic emissions inventories for 2001 and 2002 using the model
recommended by ENVIRON. (Completion Date: June 30, 2006)

Run CAMXx and evaluate model performance for the 2001 and 2002 episode
periods. Select the period with the overall best model performance for modeling
the future year. (Completion Date: October 31, 2006).

Develop the emissions inventory for 2008. (Completion Date: November 30,
2006)

Perform CAMx simulations for 2008. (Completion Date: January 31, 2007)

. Complete technical analyses and write a technical support document (TSD).

(Completion Date: February 28, 2007)

10. Release the Plan and TSD for public review. (Completion Date: March 15,

2007)

11. Make final revisions to the plan and TSD. (Completion Date: April 30, 2007)

12. Submit the plan and TSD to ADEQ/EPA. (Completion Date: May 31, 2007)
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2. MODELS AND INPUTS

This Chapter discusses the data and models to be used in simulating meteorology and
ozone concentrations. It concludes with a discussion of the quality assurance tests that
will be performed to ensure that the air quality, meteorological and emissions inputs to the
models are reasonable.

21 Rationale for Model Selection

To perform the modeling for the eight-hour ozone attainment demonstration, MAG
considered three photochemical dispersion models: the Comprehensive Air-quality Model
with Extensions (CAMXx), the Community Multi-scale Air Quality (CMAQ) model, and the
Variable-grid Urban Airshed Model (UAM-V). EPA has indicated that any of these three
models would be appropriate to simulate eight-hour ozone concentrations in urban areas
[12]. These models were evaluated according to the selection criteria shown in Table 1-1.
A simple scoring system was used for the evaluation; the scores range from 0 to 3, with
0, the lowest score, and 3, the highest.

All three models have been peer-reviewed and are adequately documented[12]. In recent
years CAMx and CMAQ have been used more frequently in regulatory applications. EPA
used CAMx to model eight-hour ozone in the eastern United states for the Clean Air
Interstate Rule (CAIR). CMAQ has been applied by the Western Regional Air Partnership
to model visibility in the westem United States. EPA has also used CMAQ to model PM-
2.5 and visibility for the CAIR.

UAM-V has been applied less frequently than previous versions of UAM. MAG staff had
used older versions of UAM to model carbon monoxide, one-hour ozone, and PM-10, but
do not have hands-on experience running UAM-V. One MAG staff member has
experience using CAMx, and all have either received training or have experience in the
application of CMAQ. The UAM-V is the most computationally efficient model, whereas
the CMAQ model is the most computationally-intensive. UAM-V is a proprietary model,
unlike CAMx and CMAQ.

CAMx accepts emissions in the Universal Transverse Mercator (UTM) coordinate system
that the MAG emissions processor (EPS3) utilizes, while CMAQ requires Lambert
Conformal Projections (LCP). While conversion from UTM to LCP coordinates can be
performed, it reduces spatial accuracy in the modeling process.

The evaluation above suggests that CAMx is the most appropriate photochemical
dispersion model for use in the present study. Although CAMx will be the core eight-hour
ozone model, MAG also intends to run CMAQ in order to corroborate the air quality
modeling results obtained with CAMx.



Table 1-1 Attributes of Candidate Air Quality Models

Selection Criteria UAM-V [ CAMx | CMAQ
Documentation and Track Record 3 3 3
Advanced Technical Features 3 3 3
Recent Applications 1 3 3
Experience of MAG Staff 2 3 3
Computational Efficiency 3 2 1
Flexibility (Proprietary vs. Open Source) 0 3 3
Total 12 17 16




Figure 2-1 depicts the MAG air quality modeling chain with CAMXx as the core model. Most
of the CAMx input files will be prepared using preprocessor programs. The input files
containing information on air quality and meteorology will be based on measured data,
where available. The meteorological inputs to CAMx will be prepared using the MM5
model. The Emissions Preprocessor System, EPS3, will be used to process the
emissions inventory. The onroad mobile emissions will be generated by the EPA
MOBILE6 model and M6Link, a MAG-developed software program that spatially and
temporally allocates emissions. More detailed discussions on the preparation of the
emissions inventory and meteorological inputs are provided later in this protocol.

2.2 Modeling Domain

Selection of the air quality modeling domains takes into account the eight-hour ozone
nonattainment area boundaries, the distribution of major emissions sources, the location
of the meteorological and air quality monitoring sites, and the prevailing winds associated
with ozone episodes. The CAMx modeling domains are mapped in Figures 2-2 and 2-3.
The first map illustrates the inner dispersion modeling domain comprised of 4 km grids.
The second shows the spatial relationship between the inner (4 km) and outer (12 km)
CAMx modeling domains.

An evaluation of 36-hour back-trajectory air flow patterns was conducted to determine if
an even larger CAMx modeling domain, at the 36 km grid resolution, was justified. The
evaluation concluded that the outer 12 km CAMXx domain shown in Figure 2-3 is of
sufficient size to capture transport characteristics for the ozone episodes to be modeled.
See Attachment lll for details [5]. However, meteorological modeling with MM5 will utilize
three nested domains, at4 km, 12 km, and 36 km grid resolutions, to simulate the selected
episode periods. As shown in Figure 2-3, the boundaries of the 4 km and 12 km MM5
modeling domains are larger than the CAMx modeling domains.

The inner CAMx modeling domain encompasses the entire eight-hour ozone
nonattainment area and consists of 50 (4 km) grid cells in the west-east direction and 29
(4 km) grid cells in the south-north direction. The origin, at the southwest corner of the
inner domain, is located at 297 km easting and 3652 km northing in UTM zone 12. The
inner domain has an area of approximately 9,000 square miles.

2.3  Air Quality and Meteorological Data

Air quality and meteorological data to be used in photochemical dispersion modeling will
be collected from all valid monitoring sites in the nonattainment area.

2.3.1 Air Quality Data

The Arizona Department of Environmental Quality (ADEQ) and the Maricopa County Air
Quality Department (MCAQD) maintain monitoring networks that collect air quality data.

10
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Figure 2-3 Nested CAMx and MMS5 Modeling Domains

Two CAMx domains: 12-km grid domain (red) / 4-km grid domain (orange).
Three MM5 domains (blue): 36-km grid domain / 12-km grid domain / 4-km grid domain.
The map projection is UTM Zone 12.
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Table 2-1 lists and Figure 2-4 illustrates the locations of the ozone monitoring sites located
in the inner CAMx modeling domain. Data from monitoring sites with incomplete data and
those sites lying outside the eight-hour ozone nonattainment area were not used in the
episode evaluation [4].

Air quality data generally serves two purposes in photochemical dispersion modeling. First,
the data are used to specify initial and boundary concentrations. Second, ambient
measurements are used to assess the ability of the model to replicate a historical episode,
that is, to evaluate model performance for the base case. These topics are addressed in
the relevant sections of the modeling protocol below.

2.3.2 Meteorological Data

The air quality networks maintained by ADEQ and MCAQD collect meteorological, as well
as air quality data. Additional surface meteorological data have been collected from other
monitoring networksincluding the AriZonaMETeorological network (AZMET), the National
Weather Service (NWS), and the Forecast Systems Laboratory (FSL). Two networks
(AZMET and NWS) provide surface observations and the third (FSL) provides upper air
data. Table 2-2 identifies the meteorological stations for these three networks.
Meteorological data from the Phoenix Realtime Instrumentation for Surface Meteorological
Studies (PRISMS) network and the Maricopa County Department of Transportation’s
ALERT station map will also be evaluated for potential use in meteorological modeling.

The upper air station data for meteorological modeling will be derived from the FSL stations
shown in Table 2-2. The stations in Flagstaff, Tucson, and Yuma are located in the outer
(12 km) air quality modeling domain. Figure 2-5 illustrates the location of the
meteorological monitoring sites. Other valid meteorological data will be applied, as
appropriate.

The MM5 meteorological model will be used to generate meteorological inputs, such as
horizontalwind components, temperature, pressure, water vapor, vertical diffusivity, clouds
and rainfall, in 3-dimensional gridded format. This model incorporates available
observations and provides information on terrain-induced air flows in regions where
observations are absent. To reduce divergence of the model predictions from actual
observations at a particular point in time and space, four dimensional data assimilation
(FDDA) will be used with the observational meteorological data.

The modeling domains for MM5 will be larger than the inner and outer dispersion modeling
domains, as shown in Figure 2-3. The wind fields for the dispersion model applications will
be a subset of the MM5 wind fields. This approach will further diminish the errors
propagating from the boundaries to the area of interest.

The mixing depths contained in the MM5 model will be used. Other input variables
required as input to CAMx include:

14
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cloud cover,

water vapor,

UV radiation,

surface temperature, terrain, and land use and surface characteristics.

These inputs will be prepared according to locally measured data available for the
modeling episodes. Otherwise, the values recommended by EPA will be used in the
simulations of eight-hour ozone concentrations.

MAG has contracted with ENVIRON to perform the MMS meteorological modeling for
the three episode periods in 2001 and 2002. ENVIRON will supplement the MM5
meteorological data provided by MAG with data from other sources such as the
Western Regional Air Partnership. Using the three nested domains (4/12/36 km grids),
ENVIRON will conduct an extensive MM5 performance evaluation using all available
measurement data for each episode. Sensitivity and diagnostic runs will be developed
to improve model performance in replicating surface and aloft winds, temperature,
humidity, boundary layer characterization, and rainfall rates. ENVIRON will recommend
to MAG the single best meteorological representation to be used in modeling ozone
concentrations for each episode. The MM5 tests and performance evaluation for the
three episode periods will be described in the Technical Support Document.

2.4 Vertical Resolution

The number of layers in the vertical direction to be used in the CAMx simulations will be
nineteen, fifteen layers within the boundary layer (below 2,500 meters) and four layers
above the maximum planetary boundary layer (PBL). The top of the modeling domain
will be set at 14,662 meters. The lowest layer in the eight-hour ozone simulation will be
36 meters. This vertical structure is consistent with the MM5 meteorological modeling
being performed by ENVIRON for the Western Regional Air Partnership (WRAP) and
exceeds the minimum standards recommended by EPA guidance[12].

2.5 Specification of Initial and Boundary Conditions

Air quality data within the 4 km grid modeling domain will be used to derive the initial
eight-hour ozone concentrations. A distance-weighted interpolation will be used to
generate horizontal gridded initial concentrations for the surface layer. Some pseudo
sites at or near the lateral boundaries will be set up in the domain. Background values
will be assigned to the 4 km grids based on input from the 12 km grid simulations.
Boundary conditions for the 12 km modeling domain will be provided by ENVIRON
based on WRAP and CAIR modeling. A constant vertical concentration profile will be
specified for each grid colurnn assuming that concentrations were well mixed below the
region top of the modeling domain during the first simulation hour.
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2.6 Episode Selection

Elevated ozone episodes that occurred during the ozone seasons of the five years,
2000 through 2004, were considered in the selection of episodes for this modeling
study. The historical patterns of ozone episodes and the fundamental meteorological
regimes conducive to ozone formation in the area were taken into account in evaluating
and justifying the selection of episodes. The selected episodes represent three
different meteorological regimes that correspond to ozone concentrations of at least 80
ppb. Wind flow patterns (e.g., well defined transport winds vs. light and variable winds)
were the primary consideration for distinguishing among regimes. Region-wide
temperature observations (e.g., high temperatures vs. less extreme temperatures) were
also considered as a factor in selecting the modeling episodes. High ozone days were
partitioned into the three major regimes recommended in EPA guidance [12]. The
detailed evaluation resulting in episode selection is provided in Attachment 11 [4].

The primary criteria influencing the selection of the episode periods were:

. The episodes represent a variety of meteorological conditions that frequently
correspond with eight-hour ozone exceedances at multiple monitoring sites;

. The episode days have eight-hour ozone concentrations that are close to the
design value for each monitor;

. There are adequate emissions, air quality, and meteorological data available for
the attainment test for these periods; and

. The selected episodes have a sufficient number of days to base the modeled
attainment test on more than one day at each violating monitor.

Three high eight-hour ozone episode periods have been selected based on the detailed
analysis described in Attachment ll. The three episodes are:

1. July 8-14, 2002 (Regime 1)
2. June 3-7, 2002 (Regime 2)
3. August 5-11, 2001 (Regimes 2 and 3).

The first episode (Regime 1) is characterized by stagnation and locally-generated
ozone. It contains the highest 8-hour ozone measured in the Maricopa nonattainment
area (MNA) between 2001 and 2004 and includes weekend exceedances. During this
period, there were 17 sites with peak ozone concentrations greater than 85 ppb and 8
sites measured their fourth-highest concentrations of the year. This episode ranked the
highest of the six candidate episodes that were evaluated.

The second episode (Regime 2) is characterized by higher surface winds, with potential
transport mainly from the south and southwest. This episode does not include
weekend exceedances. During this period, there were 8 sites with ozone
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concentrations above 85 ppb and 9 sites measured their fourth-highest concentrations
of the year. This episode ranked third among the six candidates evaluated.

The third episode (Regimes 2 and 3) is characterized by higher surface winds, with both
locally generated and transported ozone. It includes weekend ozone exceedances and
has 11 sites with concentrations above 85 ppb. This episode was fourth highest among
the candidates evaluated.

These three episodes will be modeled in order to reflect the full range of meteorological,
transport, and emissions-generation conditions that are characteristic of high ozone
days in the MNA. Three spin-up days will be added to each episode, resulting in a total
of 28 days to be modeled. Since the episodes occur in 2001 and 2002, emissions
inventories will need to be developed for both of these base years.

2.7 Emissions Inventories

The Emissions Preprocessor System (EPS3) will be used to process the emissions
inventories. The inventories will consist of emissions from point, area, onroad mobile,
nonroad mobile, and biogenic sources. The emissions will be temporally adjusted and
spatially allocated in the grid cells using EPS3. EPS3 consists of a set of FORTRAN
programs (modules) that are executed sequentially in order to prepare the gridded
emissions inventory for use in photochemical dispersion modeling.

The 2001 and 2002 emissions will be adjusted to be consistent with the meteorological
conditions during the selected episode periods. The resulting episode period emissions
will also be adjusted to reflect control programs and activity levels prevailing during the
days and years modeled. These adjustments will result in different modeling
inventories for each of the 2001 and 2002 base case ozone episodes.

The base case modeling inventory for 2002 will be adjusted to reflect emissions
expected to occur in 2008. The general methodology for creating the 2008 base case
emissions will be based on EPA guidance on the preparation of emissions projections
[9]. This adjustment will entail the use of growth factors, ongoing control programs, and
retirement rates for obsolete sources of emissions.

The growth factors used to create the 2008 inventory for area and onroad mobile
sources will reflect the latest socioeconomic projections based on the 2000 Census. |t
is anticipated that new socioeconomic projections will be approved by the MAG
Regional Council in mid-2006.

The modeling inventories for the 2001 and 2002 base cases and the 2008 future year
will reflect the impact of the committed control measures, where appropriate. The 2008
emissions inventory, reflecting the worst case episode period selected from among the
three base cases, will be used to demonstrate the modeled attainment status.
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Table 2-3 summarizes the daily ozone precursor emissions for the five major source
categories during the 2002 ozone season in Maricopa County. The assumptions to be
used in estimating emissions for each of these source categories are discussed in more
detail below.

2.7.1 Consistency With Periodic Emissions Inventories

The CAAA of 1990 requires that periodic inventories of ozone precursor emissions be
prepared at three-year intervals for ozone nonattainment areas. The 2002 periodic
inventory was prepared by MCAQD in June 2004 [6].

The Technical Support Document (TSD) for the eight-hour ozone attainment
demonstration will describe how the point and area source emissions used in the
modeling were derived from the 2002 periodic emissions inventory. The TSD will also
explain and justify the differences between the 2002 base case onroad, nonroad, and
biogenics emissions and the 2002 periodic emissions inventory. |f Maricopa County
and Pinal County have completed the 2005 periodic inventory of ozone precursor
emissions by January 2007, a comparison of the 2002 base case and 2005 periodic
emissions inventories will also be documented in the TSD.

2.7.2 Treatment of Point and Area Source Emissions

The 2002 point and area source emissions will be derived from the 2002 periodic
inventories of ozone precursor emissions developed by the Maricopa County Air Quality
Department (MCAQD) and the Pinal County Air Quality Control District (PCAQCD).
MAG will work with MCAQD and PCAQCD to develop the factors needed to derive
2001 and 2008 point and area source emissions from the 2002 periodic inventories.

2.7.3 Treatment of Mobile Source Ernissions

On January 29, 2002, EPA announced the official release of the MOBILE6 model for
regulatory use outside of California. MOBILEG.2 is the latest update of the onroad
mobile source model developed by EPA to estimate vehicle emission factors. The
onroad mobile source emissions for the eight-hour ozone attainment demonstration will
be developed using the MOBILEG.2 model. It should be noted that the onroad mobile
source portion of the 2002 periodic inventory for ozone precursors [6] was also
developed using the MOBILE6.2 model. However, onroad mobile source emissions will
be re-estimated for this analysis using the latest socioeconomic data and transportation
system assumptions available in mid-2006.

MOBILEG.2 uses a variety of inputs. Each modeled scenario will require at least ten
runs: a minimum of one Inspection and Maintenance (I/M) run and a non-l/M run for
each of the five area types included in the transportation modeling area: central
business district, urban, urban fringe, suburban, and rural. The results from these runs
will be weighted appropriately to reflect the actual proportions of I/M and non I/M
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Table 2-3 2002 Daily Ozone Season Emissions in Maricopa County [6]

VOC NOx CO T

Ibs/day % | Ibs/day % Ibs/day %j
Area | 315976 | 33.16 61570 8.08 | 1706230 31.36
Nonroad Mobile | 116432 | 12.22 | 165466 21.70 | 1698871 31.23
Onroad Mobile | 180380 | 18.93 | 437741 57.42 | 2023444 37.19
Biogenic | 309511 | 32.48 71648 9.40 NA NA
Point 30728 3.22 25938 3.40 12130 0.22
Total | 953027 | 100.00 | 762363 | 100.00 | 5440675 | 100.00
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vehicles within the nonattainment area. In addition, the inputs for each run will include
Reid Vapor Pressure (RVP), oxygen, and sulfur gasoline content values appropriate for
the summer ozone season. The temperature range will reflect episode day conditions
in the nonattainment area for the episode chosen. Note that these values will vary
depending upon the episode period being modeled. The 2008 committed measure
package runs will reflect control measure assumptions for the pertinent commitments
contained in the MAG Serious Area Plans for PM-10 and CO [1,2], and the One-Hour
Ozone Maintenance Plan [3], where appropriate.

MOBILEG6.2 generates emission factors which incorporate local vehicle speeds,
episodic temperatures, and hot/cold operating modes. These emiission factors will be
utilized by the M6Link system to estimate onroad mobile source vehicle emissions for
the inner modeling domain.

The M6Link system is a FORTRAN-based set of programs (M6Link1 and M6Link2) that
are applied at the regional level to examine transportation and related air quality issues.
The system is designed to read in files created by the MAG EMME/2 transportation
models, and extract the relevant data needed for an air quality analysis, including data
needed to run the MOBILE6.2 model. The M6Link1 extracts data such as roadway link
speeds, locations, and vehicle miles of travel (VMT) and assigns link VMT to the correct
hour and air quality grid cell accordingly. M6Link1 also factors link VMT to be
consistent with Highway Performance Monitoring System VMT by functional system.

The MOBILEG.2 program is run using the output from M6Link1 as part of its input data.
The output from MOBILEG.2 is then used as one of the inputs to M6Link2, the second
program of the M6Link system. M6Link2 combines the output from M6Link1 and the
output of MOBILE6.2 to produce hourly gridded emissions, suitable for input to the
photochemical dispersion model. These results incorporate locally-derived hourly VMT
splits, vehicle speed data, VMT by four vehicle classes by area and roadway type, fuel
characteristics, and temperatures, to ensure results appropriate to episode conditions.

In addition to CAMx-ready files, M6Link2 produces tables summarizing VMT and
vehicle hours traveled (VHT) by facility type and area type. Also, tables summarizing
emissions totals by hour, facility type, or emissions source (i.e. exhaust vs. evaporative)
are produced. EPS3 will be used to combine the M6Link output with the emissions of
other source categories (e.g., point, area, and biogenic emissions) to create the
emissions file used by the photochemical dispersion model.

2.7.4 Treatment of Nonroad Mobile Emiissions

MAG will use the Draft 2004 EPA NONROAD model to estimate ozone precursor
emissions for all nonroad mobile sources, except aircraft and ground support
equipment. Maricopa and Pinal County Business Patterns (CBP) data will be used to
estimate 2001 and 2002 activity data that is input to the NONROAD model. Growth
factors to forecast 2008 nonroad emissions for all sources except aviation will be based
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on EPA default assumptions in the NONROAD model, unless other data (i.e., MAG
socioeoconomic projections, WRAP growth factors) prove to be more representative of
local conditions.

Locomotive emissions will be estimated using activity data provided by the Union
Pacific and the Burlington Northern Santa Fe Railroads. Base case and forecast year
activity data for aircraft and ground support equipment will be derived from recent
airport surveys. Aircraft emission factors used in the MAG Aviation Preprocessor will be
obtained from the International Civil Aviation Orgariization Engine Exhaust Emissions
Data Bank.

2.7.5 Location of Anthropogenic Emissions

The locations of power plants in Maricopa County are provided in Table 2-4. The
locations of emissions from other human activities are shown in the one-hour ozone
emission density plots contained in Attachment IV [3]. The density plots show the
distribution of onroad mobile source and background emissions of NOx and VOC for
the one-hour ozone modeling domain during the episode period in August 1999.
Background emissions include point, area and nonroad sources, but exclude orroad
and biogenic sources.

2.7.6 Treatment of Biogenic Emissions

The biogenic emissions model allows hydrocarbons emitted by vegetation and NO,
emitted by soil to be included in the emissions inventory. MAG has contracted with
ENVIRON to recommend a biogenic emissions model and biogenic emission rates
appropriate for vegetation and soils in the Maricopa nonattainment area. These
recommendations will be used to prepare the biogenic emissions inventory for the
eight-hour ozone attainment demonstration.

The recommended biogenics emissions model will use local land use data and gridded
hourly temperature data to calculate emissions of VOCs and NO, in each grid cell of the
modeling domain for each hour of the modeling period. The most recent land use data
compiled by MAG for transportation and planning purposes will be used in spatially
allocated the biogenic emissions. Procedures for development of the biogenic
emissions will be documented in the TSD. The biogenic emissions will be generated in
CAMXx-ready format and will be merged with the other emissions input files.

2.7.7 Temporal Allocation of Emissions
Emissions in the 2002 periodic inventory for ozone precursors [6] are provided either as
annual averages or as daily ozone season values, except for peaking power plants.

Emissions from the peaking power plants for modeling purposes will be based on the
actual operating schedule provided by MCAQD. Typical peak ozone season day
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Table 2-4. Power Plants in Maricopa County
UTM (Zone 12, m)
Power Plant Location City Easting Northing
APS West Phoenix Power Plant Hadley St. Phoe nix 392414 3701190
Duke Energy Arlington Valley Elliot Rd. Arlington 323858 3691307
New Harquahala Generating Co. 491% Ave. Tonopah 303688 3705787
Mesquite Generating Station Elliot Rd. Arlington 326602 3691016
Ocotillo Power Plant University Dr. Tempe 415224 3698573
Palo Verde Nuclear Generating Station Wintersburg Rd. Tonopah 325615 3696527
Gila River Power Station Watermelon Rd. Gila Bend 341737 3649850
Redhawk Generating Station (Pinnacle) | 363rd Ave. Arlington 328940 3690200
Santan Generating Plant Val Vista Dr. Gilbert 430407 3688183
SRP Agua Fria Generating Station Northern Ave. Glendale 387108 3713387
SRP Kyrene Steam Plant Kyrene Rd. Tempe 412877 3691004
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emissions correspond to an average weekday during the summer season, defined as
July through September in the 2002 periodic inventory. To convert these values to
average episode day values in 2001 or 2002, EPS3 will apply an adjustment factor
representing the ratio of the episode day emissions to average summer emissions for
each source type in the appropriate year.

All point sources, except peaking power plants, and area, nonroad mobile, and aviation
sources, will be resolved temporally based on profiles for seasonal activity, activity
provided by day of week, and diurnal patterns of activity. EPS3 will be used to convert
to episode period values by applying monthly and day-of-week adjustment factors. For
the 2008 forecast year, the point sources defined in the 2002 periodic inventory will be
allocated according to projected operating schedule data, where available.

2.7.8 Spatial Allocation of Emissions

Point sources will be spatially allocated according to the coordinates (i.e., UTM) of each
source. The latest projections based on the data from the 2000 U. S. Census,
appropriate land use data, and general plan data will be used for the spatial allocation
of area and nonroad mobile sources. The MAG transportation models will assign travel
to 2001, 2002 and 2008 highway networks that will be used to spatially distribute
onroad mobile source emissions. Biogenics emissions will be allocated spatially using
the MAG 2004 land use cover for the urbanized portion of Maricopa County and the
EPA Biogenic Emissions Landuse Database (BELD3) for the remainder of the modeling
domain.

2.7.9 Treatment of SIP Control Measures

The base and future year emissions inventories will include the committed measures,
where appropriate, from the Revised MAG 1999 Serious Area Carbon Monoxide Plan
[2]; the Revised MAG 1999 Serious Area Particulate Plan for PM-10 [1]; and the MAG
One-hour Ozone Redesignation Request and Maintenance Plan [3], to determine if the
committed measures are sufficient to demonstrate attainment of the standard. If the
modeling outlined in this protocol does not demonstrate attainment of the standard with
the existing committed confrol measures, the technical support document will be
revised to document any additional measures that will be necessary to attain the
standard.

2.8 Quality Assurance

The purpose of quality assurance testing is to establish that apparently good model
performance is the result of valid model inputs and assumptions, and not the result of
compensating errors in input data. Prior to conducting a base case simulation,
individual air quality, meteorological, and emissions data components will be reviewed
for consistency and obvious omission errors. Both spatial and temporal characteristics
of the data will be evaluated. Examples of component testing include:
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«  Air Quality: Check for correct order of magnitude; compare values with monitored
data; assure reasonable speciation.

. Emissions: The emissions inventory will be tabulated, plotted, and examined. The
quality assurance procedures will include documentation of major assumptions,
careful accounting of emissions totals throughout the development process,
verification of spatial distribution of emissions against known source locations and
emission strengths, and identification of missing or unreasonable data values.

. Meteorology: If data are available, plot surface and elevated wind vectors and
compare with monitoring stations and weather maps for consistent patterns;
compare mixing height fields with sounding data; check temperature fields.

It is very important to perform the quality assurance tests prior to performing model
simulations. Errors uncovered by the quality assurance testing of component input
fields might be extremely difficult to diagnose later in the modeling process where errors
could arise from any subset of the data inputs.

3. MODEL PERFORMANCE EVALUATION

This chapter discusses the procedures to be followed for diagnostic testing of the base
case episode. The purpose of the diagnostic tests is to uncover potential data input
gaps that, when corrected, lead to improved model results. The evaluation increases
confidence in the ability of the model to capture key meteorological features in order to
predict future ozone concentration levels.

3.1 Diagnostic Tests

After conducting the above quality assurance tests, CAMx will be run for the base case
episode. Emphasis will be placed on correctly depicting the regional distribution and
timing of observed ozone concentrations. Spatial and time series plots will be used to
assess model behavior.

To aid the interpretation of simulation results, predicted and observed ozone
concentration maps will be constructed for each base case episode. Concentration
maps present spatial information on the structure of the ozone plume. Maps at eight
hour intervals will be constructed over periods of the ozone plume and over periods of
most interest. While a typical period might be defined as early morning to late
afternoon for the day of the highest ozone concentration, itis useful to look at most time
intervals under recirculation, stagnation, and transport conditions.

Consideration will also be given to constructing a map which depicts the highest
predicted daily eight-hour ozone value for each grid cell. Examples of representative
mapping techniques are described in Tesche, et. al. [13] The predicted concentration
to be used in the time-series plots will be defined using the same method for deriving
predicted concentrations for the model performance evaluation. This method consists
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of a four-cell weighted average using bilinear interpolation of the predictions from the
nearest four grid cells to the monitor location [13].

If feasible, time-series plots will be developed for NOx, as well as for VOC species at
selected locations, particularly for cases in which ozone time-series or mapping results
do not appear consistent with expectations. Comparisons of calculated ozone
precursor concentrations with any available observations will be done for concentration
levels above the detection limits of the monitoring equipment.

Additional diagnostic tests for the base case will be performed depending upon the
availability of time and resources. A number of sensitivity tests will be conducted with
CAMXx to determine the response in ozone concentrations to changes in key inputs such
as emissions and mixing depth. The sensitivity simulations could include one or more
of the following:

Zero Boundary Conditions. Inflow concentrations at the lateral boundaries and top of
the modeling domain will be reduced to zero. Sensitivity of the concentrations in the
inner core and downwind portions of the modeling domain provide a measure of the
influence of the boundary conditions. This simulation will provide assurance that the
upwind extent of the domain is adequate.

Zero Initial Conditions. Initial concentrations for all grid cells will be reduced to zero.
Sensitivity of concentrations within the modeling domain provide a measure of the
influence of the initial conditions. Changes of less than a few percent indicate that the
initial conditions are not dominating concentration estimates within the domain.

Diffusion Break Heights. Diffusion break heights will be doubled for one simulation and
halved for another. Sensitivity of the concentrations within the modeling domain
provide a measure of the influence of diffusion break heights. These simulations will
provide assurance that the diffusion break heights are adequate.

More elaborate diagnostic tests involve sensitivity-uncertainty studies that examine
model responses to a range of variation in input parameters (i.e., various changes in
emission levels, emission speciation, etc.) All diagnostic steps will be documented to
avoid misinterpretation of model performance results. Once confidence is gained that
the simulation is based on reasonable interpretations of observed data, and model
concentrations generally track, spatially and temporally, known urban plumes, a
performance evaluation based on numerical measures will be conducted for each base
case episode.

As part of the diagnostic tests, considerable effort will be expended to investigate the
nature of the photochemical interaction between VOC and NOx and the
formation/titration of ozone. The diagnostic tools available in CAMx will be applied to
determine if all or a portion of the MNA is VOC-limited in 2008.
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3.2 Test Results/Input Modifications

Following the diagnostic modeling analyses, the simulation results will be carefully
examined for possible modification or refinement of the input components. On a case-
by-case basis, the performance of CAMx for each base case simulation will be
evaluated to determine whether or not it is acceptable, with or without input
madifications. The model performance criteria listed in the EPA guidance [12], and
supplemental analyses presented in the next chapter (Chapter 4), will be used in the
evaluation.

3.3 Performance Evaluation Goals

Simulated and observed eight-hour average ozone concentrations at each monitoring
station will be utilized in setting statistical performance goals. Some general model
performance guidelines have been outlined in the EPA guidance [12]. Among the
general guidelines are the following statistical performance goals:

Unpaired highest-prediction accuracy - percentage difference between domain wide
simulated and observed peak unpaired in space or time. EPA recommended range:
+20%.

Normalized bias test - provides a measure of the ability of the model to replicate
observed patterns during the times of day when available monitoring and modeled data
are most likely to represent similar spatial scales. EPA recommended range: +15%.

Gross error of all pairs above 80 ppb - in conjunction with bias, this metric provides and
overall assessment of base case performance and may be used as a reference to other
modeling applications.  Gross emor may be interpreted as precision. EPA
recommended range: £35%.

In general, performance measures that fall within or below these ranges would be
considered acceptable. However, results from the above three statistical measures
alone may not be sufficient to fully assess the capability of the model in reproducing the
chemical and physical processes governing urban-scale ozone concentrations.
Therefore, the model performance evaluation procedures will be expanded to include
additional numerical and graphical measures recommended by Tesche, et. al. [13]

The additional seven numerical measures include temporally and spatially paired peak
estimates, temporally or spatially paired peak estimates, average station peak
estimates, bias and gross error, and variance. The additional graphical measures
include time series plots and "spatial" time series plots, time series displaying highest
and lowest estimates by sites, ground level isopleths, and scatter plots of estimates and
observations.
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If the statistical results do not meet the recommended performance criteria, and
graphical analyses also indicate poor model performance, an alternative episode will be
chosen or the EPA regional office will be contacted for review and approval of the base
case episode before any future-year simulations are undertaken.

4. ATTAINMENT DEMONSTRATION
4.1 Identification of Attainment Year

The primary purpose of conducting regional modeling with CAMx is to demonstrate
attainment of the NAAQS for eight-hour ozone by June 15, 2009. To ensure that all
control measures necessary to show attainment are in place by the beginning of the
ozone season in 2009, EPA requires that the ozone season in the previous year, 2008,
be modeled.

4.2 Identification of Control Measures

The committed control measures already implemented in the Serious Area CO Plan,
the Serious Area PM-10 Plan and the One-hour Ozone Maintenance Plan will be
evaluated. If additional control measures are needed, they will be submitted to the
MAG Air Quality Technical Advisory Committee for consideration as part of the
Suggested List of Measures. Following Regional Council approval of the Suggested
List of Measures, the local jurisdictions and the Legislature will be requested to consider
the implementation of the measures under their respective authorities. Each jurisdiction
determines which measures are feasible for implementation by that jurisdiction. These
measures then become the committed measures. The committed control measure
package will be incorporated into the emissions inventory for CAMx. Based upon the
results of these simulations, it will be determined if the control strategies demonstrate
attainment of the eight-hour ozone standard.

If additional control measures are needed, the procedures for selecting the control
strategy scenarios will conform to the State Implementation Plans (SIPs) [1,2,3], follow
current EPA guidance [12] or any deviation from the guidance will be fully justified, and
incorporate our present understanding of the urban/regional ozone problem. The 2008
runs will reflect control measure assumptions for the commitments contained in the
SIPs [1,2,3], where appropriate.

4.3 Modeled Attainment Test

To demonstrate attainment of the eight-hour ozone standard in 2008, the future design
values near each monitor should not exceed 84 ppb. The future design values will be
predicted by multiplying a relative reduction factor (RRF) by the base case monitored
design value at each site [12]. The RRF is the ratio of the CAMx-modeled future to
base case 8-hour daily maximum concentrations predicted near a monitor (averaged
over several days).
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“Near a monitor” means within approximately 15 km of each site [12]. In the case of 4
km grid cells, EPA recommends that an array of 7 x 7 grid cells, with the monitor
located in the center grid, be considered “near a monitor.” Initially, MAG will utilize a 7 x
7 grid cell array to demonstrate attainment near each monitor. If CAMx modeling
reveals that the MNA is VOC-limited, the size of the array may have to be altered to
avoid RRFs that are unrealistically large or small. Any deviation from the 7 x 7 grid
array will be justified in the TSD.

The highest eight-hour ozone maximum predicted by CAMXx in the grid cells near a
monitor will be cornputed for each day in the episode period (except initialization days).
These daily values will be averaged over the number of days in the episode to obtain
the future and base case concentrations used in calculating the RRFs. Predicted base
case maxima below 70 ppb will be excluded from the analysis.

The 2002 design value for each monitor will be calculated as the average of the current
design values for the periods: 2000-2002, 2001-2003, and 2002-2004. Similarly, the
2001 monitored design values will be calculated as the average of the current design
value for the periods: 1999-2001, 2000-2002, and 2001-2003. The current design
value for each period is defined as the three year average of the fourth highest daily 8-
hour maximum ozone concentration monitored at each site.

The modeled attainment test will be performed for the episode period [4] that
represents worst case conditions. Additional tests that may be performed are
described in the next Chapter.

4.4 Modeling Reliability and Uncertainties

CAMx is considered to be an appropriate tool for projecting the future air quality impact
of changes in emissions [12]. However, future year modeling results should not be
considered absolute guarantees of future air quality. Uncertainties in the models used
and their inputs, along with meteorological variability, may result in actual future air
quality that differs from predicted air quality. Higher concentrations than those modeled
may occur for any of the following reasons:

Meteorological variability - In selecting a modeling episode, the goal is to select periods
that represent worst-case conditions. If episodes with more severe stagnation occur in
the future, emission controls designed to reach attainment for a historical episode may
not be adequate.

Emissions variability - Emission estimates are based on average source usage, taking
into account seasonal, diurnal, and day-of-week factors. Nonroad and onroad mobile
emissions estimates take into account day-specific temperatures as well. However,
emissions on a given day may be greater than average due to greater than average
usage, lower temperatures, or other factors.

Uncertainty in growth projections - If growth projections underestimate true growth
rates, future year emissions may be greater than projected emissions.

33



Uncertainty in control measure effectiveness - If actual emission reductions from a
given control measure are smaller than the estimated emission reductions, future
concentration will be greater than modeled concentrations.

Model performance - If the model under-predicted concentrations at a particular site, or
has failed to capture a particular aspect of the meteorology, then a level of emission
reduction that appeared to be adequate during modeling may not actually be adequate.

By similar reasoning, future measured concentrations may be lower than modeled
concentrations because of these variabilities and uncertainties. In addition, future
measured concentrations will still be limited to monitoring site locations.

As a result, although modeled future design values below 85 ppb are adequate to
demonstrate attainment, modeling results are better thought of as points on a
probability distribution. If the modeled peak values are below 80 ppb, the probability
that attainment will result, even under differing conditions, is high. If the modeled peak
is very close to 85 ppb, however, the probability that attainment will result may be well
below 100 percent given the probabilistic nature of meteorology and modeling.

The relative reduction factor approach recently introduced by EPA [12] uses average
values (modeled and monitored) that are more likely to result in an accurate
assessment of attainment under a variety of conditions. However, if the modeled
attainment test shows that some peak concentrations are close to the standard, MAG
will conduct additional tests, as described below.

5. SUPPLEMENTAL ANALYSES

When future design values are very close to the standard, EPA recommends that
corroboratory tests be performed [12]. [f future design values in 2008 exceed 80 ppb,
MAG will conduct additional analyses to confirm that attainment of the NAAQS for
- eight-hour ozone is likely to occur. If the corroboratory tests fail to support the finding of
attainment, a weight of evidence approach may be applied. These supplemental
analyses are discussed below.

5.1 Corroboratory Tests

EPA recommends that a supplemental screening test be applied in areas where the
ozone monitoring network just meets or minimally exceeds the size of the network
required to report data to the Air Quality System (AQS) [12]. The ozone monitoring
network in the MNA includes more than twenty monitors, which exceeds the minimum
requirement for AQS. However, as a corroboratory test, MAG will conduct the EPA-
recommended screening test.

5.1.1  Screening Test

The screening test is intended to ensure that ozone will not exceed the standard in
locations that are not near (i.e., in the 7 x 7 array surrounding) a monitor. This test
requires the identification of areas in the nonattainment area where predicted eight-hour
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daily maximum ozone concentrations are “consistently greater” than any predicted in
the vicinity of a monitoring site. For each identified area, a location-specific RRF is
multiplied times an appropriate current design value to estimate a future design value.
If the resulting estimates are less than or equal to 84 ppb at all locations, the screening
test is passed.

To identify “consistently greater” grid cells, EPA recommends “flagging” grid cells in the
MNA for which the predicted eight-hour daily base case maxima is higher than any
predicted maxima near a monitored location on 25 percent or more of the modeled
base case days. A7 x 7 array of grid cells will be constructed around each cell flagged
by the screening test. If any of these grid cells show up within an array on 25 percent of
more of the modeled days in the same episode, a future design value will be estimated
for that cell.

For each flagged cell, the design value will be estimated by multiplying the modeled
RRF by the current design value at the closest monitor. Alternatively, spatial
interpolation may be performed to estimate the current design values of flagged cells.

5.1.2 Absolute Model Forecasts

If CAMx is able to reproduce observed base case ozone concentrations with relatively
little statistical error or bias, the absolute modeling results for the 2008 forecast may be
useful in corroborating the results using RRFs. Metrics that compare future year and
base case modeled ozone concentrations might include:

. Percent change in total amount of ozone greater than or equal to 85 ppb in the
MNA;

. Percent change in number of grid cells greater than or equal to 85 ppb in the MNA,;

. Percent change in grid cell hours greater than or equal to 85 ppb in the MNA; and

. Percent change in maximum modeled eight-hour ozone concentration in the MNA.

5.1.3 Other Corroboratory Tests

MAG will perform other tests to confirm and explain the results of the CAMx modeling.
The CMAQ model will be applied to corroborate the CAMx results. Other corroboratory
tests may include applying the photochemical source apportionment tool in CAMXx to
determine which sources are contributing to attainment during the worst-case episode
period in 2008.

5.2 Weight of Evidence Approach

If the modeling analyses fail to show attainment of the eight-hour ozone standard in
2008, EPA allows a weight of evidence approach to be applied. Past analyses have
shown that future design value uncertainties of 2-4 ppb can result from use of alternate,
but equally appropriate, emissions inventories, chemical mechanisms, and
meteorological inputs [12]. The end product of a weight of evidence determination is a
document which describes the analyses performed, the data bases used, key
assumptions and outcomes, and why the evidence, viewed as a whole, supports a
conclusion that the area will attain the NAAQS despite model-predicted future design
values of 85 to 89 ppb.
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If modeled future design values exceed 84 ppb, MAG will confer with Region IX EPA
and the Air Quality Planning Team to design appropriate weight of evidence tests. It is
not anticipated that this will be necessary, because the base case design values are
close to the standard and additional reductions in ozone precursor emissions (i.e., Tier
2 and heavy duty diesel vehicle emission controls) are expected to occur by 2008.

6. PROCEDURAL REQUIREMENTS

The following items will be delivered in draft form to the EPA regional office for review
and comment during the modeling study. MAG will also provide draft versions of these
items to the Air Quality Planning Team for review and comments.

+  The modeling protocol.

+ The Technical Support Document which addresses the entire modeling
analysis, including MM5 and CAMx mput preparation and application and the
attainment demonstration.
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ATTACHMENT |

Interagency Memorandum of Agreement



MEMORANDUM OF AGREEMENT
| AMONG |
THE ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
AND |
THE ARIZONA DEPARTMENT OF TRANSPORTATION
- AND |
MARICOPA COUNTY, BY AND THROUGH THE MARICOPA COUNTY
ENVIRONMENTAL QUALITY AND COMMUNITY SERVICES AGENCY
" AND |
THE MARICOPA ASSOCIATION OF GOVERNMENTS

PURPOSE

The purpose of this Memorandum of Agreement is to provide the framework and
guidelines to promote coordinated decision making in planning, developmcm and
implementation, and enforcement of those actions necessary to attain and maintain the
National Ambient Air Quality Standards in Maricopa County, hereafter referred to as the
Nonattainment Area Plan, or NAP. This Memorandum is required pursuant to AR.S.
49-406 D. and E. The Memorandum also provides the framework and guidelines for
preparing plans designed to address other air pollution problems of regional concern.

SCOPE

This Memorandum is designed to address the control of the following pollutants: Carbon
Monoxide, Ozone, Particulates, and Other Air Pollution Problems of Regional Concern.

The geographical area of concern is Maricopa County or the area specxﬁca.lly designated
by the Administrator of the U.S. Environmental Protection Agency as not having attained
the National Amb1ent A1r Quality Standards for one or more of the pollutants named

above. _
RESPONSIBILITIES AND AUTHQRITIES

The Arizona Department of Environmental Quality (ADEQ) has the pnmary authomy
in the State of Arizona for air pollution control and abatement. ADEQ is charged with
_preparation, development and maintenance of the State Implementation Plan (AR.S.
§ 49-404); designation of areas of the state with respect to compliance with the National
Ambient Air Quality Standards (A.R.S. § 49-405); and assuring that nonattainment area
plans are implemented (ALR.S. § 49-406 J.). ADEQ has. ongmal jurisdiction and control -
over portable, mobile, and specific types of stationary air pollution sources (see A.R.S.
§ 49-402 A.). In addition, ADEQ is responsible for development of stationary source
permitting procedures and standards (see A.R.S. § 49480 B.). ADEQ is also responsible
for providing technical ‘assistance to political subdivisions of the State for implementing
air pollution control programs (A.R.S. § 49424 A8.), conducting research on the amcunts
of hazardous air pollutants in ambient air and their impacts on human health (AR.S.
§ 49-426.06); management and implementation of programs under the Air Quality Fee
Fund (A.R.S. § 49-551), implementation of the Vehicle Emissions Inspecuons Program
(A-R.S. § 49-521 through 550), and conducting research on vehicular emissions and clean
burning fuels (ARS. § 49-553). The Department may delegate authority to a county for
1mplernem.mg air polluuon contro! statutes (A.R.S. § 49424 B.)



The Arizona Departmeat of Transportation (ADOT) has exclusive control over state
highways and all other state owned transporiation systems (A.R.S. § 28-104). This
includes the responsibility of multi-modal state transportation planning, cooperation with
local governments, coordination of transportation planning with local governments,
investigation of new transportation systems, and advising local governments concerning
the development and operation of public transit systems (A.R.S. § 28-104).

The ADOT Director shall also enter into agreements on behalf of the state with political
subdivisions for the improvement, maintenance and construction of mass transit systems,
and shall provide rules for the application for and expenditure of all mass transit funds

~ (ARS. § 28-108). -

In addition, ADOT is authorized to conduct demonstration projects to evaluate the
effectiveness of new, extended, improved or integrated public transportation services and
carpooling or vanpooling activities in meeting regional transporiation needs or in
'improving air quality (A.-R.S. § 28-2611). These projects are funded by an annual
distribution of $400,000 from the air quality fund (A.R.S. § 49-551). ADOT must also
support ADEQ on reporting to the Legislature results of mobile source emissions
Research, where applicable, per A.R.S. § 49-553.

The Maricopa County Environmental Quality and Community Services Agency (MC
EQ&CSA) is the local air pollution control department for Maricopa County. The
Agency has jurisdiction over air pollution sources not explicitly reserved for state
jurisdiction (A.R.S. § 49-402); the Agency is delegated authority from the State of
Arizona to regulate certain portable air pollution sources initially reserved for state
jurisdiction (A.R.S. § 49-424); the Agency operates the Regional Travel Reduction
Program (A.R.S. § 49-582 et seq), and is the principal government sponsor for the
Voluntary No Drive Days Program (A.R.S. § 49-506). The Agency is also responsible
for monitoring the ambient air quality of the region (A.R.S. § 49-473) through collecting

and analyzing air quality data.

Within the Maricopa County Environmental Quality and Community Services Agency, the
Assistant County Manager of the Agency is designated as the Air Pollution Control
Officer. The Air Pollution Control Officer has the responsibility and authority to enforce
the provisions of Article 3, Chapter 3, Title 49, "County Air Pollution Control", Arizona
Revised Statutes. The Control Officer also has the responsibility for assuring adequate
nonattainment plan implementation as prescribed by A_R.S. § 49-406.

The Maricopa Association of Governments (MAG) is a nonprofit Arizona corporation
composed of elected officials from twenty-four cities and towns, Maricopa County, Gila
River Indian Community, and the Arizona Department of Transportation. MAG has
been designated by the Governor of Arizona as the lead planning orgamization for
Maricopa County that, together with the State, is responsible for determining which
elements of the State Implementation Plan revision will be planned, implemented, 3?d
enforced by State and local governments in Arizona (Governor- Wesley Bolin,
February 7, 1978; Clean Air Act § 174(a); and A.R.S. 49-406)). MAG is responsible for
providing assistance to the Maricopa County Travel Reduction Regional Task Force and
for recommending third and following year travel reduction targets, policies, standards
and criteria for the Maricopa County Travel Reduction Program (A.R.S. § 4.9_.582"2.nd
49-588). 'Related directly to air quality, MAG is the official designated metropciiall
transportation planning organization, and the designated agency for preparing populaton
estimates and projections for the Maricopa County area. MAG is, also responsible for
making transportation/air quality conformity determinations, subject to the consultauon
procedures as provided by law (Clean Air Act § 176). '



UNDERSTANDINGJAGREEMENTS

In recognition and to facilitate the accomplishment of the foregom IT IS HEREBRY
AGREED that

1. The Arizona Department of Environmental Quality; Arizona Department
of Transportation; Maricopa County Environmental Quality and Community
Setvices Agency; and Maricopa Association of Governments will work
through a coordinated effort to prepare the MAG regional air quality plans
as described in Attachments One, Three, Four, and Five. Auachment One
contains a description of the generalized roles and areas of expertise of the
agencies, the MAG Air Quality Planning Team, and the MAG Air Quality

Policy Team. Artachment Three contains the general implementation
‘authorities for measures in the air quality plans. Attachment Four includes
provisions for tracking plan implementation; determining reasonable further
progress; assurances for adequate plan implementation, and adoption of
control measures. Arttachment Five contains the Work Programs for

‘Preparing Air Quality Plans.-

The Maricopa Association of Governments will maintain the MAG Regional
Air Quality Planning Process for decision making as described in
Attachment Two. This Attachment contains the roles of the MAG Regional
Council, MAG Management Committee, MAG Air Quality Policy
Commirtee, and ad hoc Working Groups. MAG will coordinate the
preparation of the NAPs. Representatives from ADEQ, ADOT and MC
EQ&CSA will be included as ex-officio members of the MAG Air Quality
Policy Committee, and active members of all working groups assomated with

this MAG committee.

!\)

3. . The Arizona Department of Environmental Quality; Arizona Deparument
of Transportation; Maricopa County Environmental Quality and Community
Services Agency; Maricopa Association of Governments will pursue
commitments to implement the measures in the NAPs. The aforementioned
agencies -will continue to evaluate and pursue the implementation of
additional air pollution control measures as a result of the evaluations
performed as described in Attachment Four.

EFFECTIVE DATE

“The Agrcemcxit and all Amendments shall become effective on the date it has been
signed by all parties to it. .

TERM

This Agreement shall remain in effect from the effective date of the Agreement until
such time it is terminated or superseded by a subsequent agreement. This Agreement
may be terminated by any party to it, providing written notice of intent to terminate is
provided to all other parties to the Agreement thirty days prior to the effective date of
withdrawal of that party from the Agreement. ' :



MEND\/IENT , .

This Agreement may be amended at any time upon murual written agreement of all
parties. No agent, employee or other representative.of any party to this Agreement is
empowered to alter any of the terms of the Agreement, unless it is done in writing and
signed by the Designated Officers of the respective parties, their authorized

representatives, or duly appointed successors.

ATTEST
All terms of this Memorandum of Agreement are hereby acknowledged and agreed as
certified by the signatures of the Designated Officers affixed hereto:

ARIZONA DEPARTMENT OF ARIZONA DEPARTMENT OF
ENVIRONMENTAL QUALITY - TRANSPORTATION

= dward 7. OX. Director, Anzoma O{famcs Creedon, Acting Director,
iz

Department ‘of Eavironmental Quality izona Department of Transportation

Date /\hj ?/ /?QZ ' Date ' W?,/;77/

MARICOPA COUNTY, BY AND
THROUGH THE MARICOPA COUNTY ~
ENVIRONMENTAL QUALITY AND MARICOPA ASSOCIATION OF

COMMUNITY SERVICES AGENCY GOVERNMENTS

» 00

John J. DeBolske, Secretary,
Mancopa Association of Governments

Date // - g Date V-2 95




ATTACHMENT ONE

MAG REGIONAL AIR QUALITY PLANNING TECHNICAL PROCESS

e All MAG regional air quality plans are prepared through a coordinated effort among the Arizona
Department of Environmental Quality. Arizona Depantment of Transportation. Maricopa County
Environmental Quality and Community Services Agency, and Maricopa Association of Governments.

"MAG AIR QUALITY POLICY TEAM

Compoaition: Director of Arizona Department of Environmental Qualiity; Director of Arizons
Department of Transportation; Air Peliution Controi Officer of Maricopa County; MAG Secratary

+ Oversees preparation of plans and overall technicat planning -effort
+ Resolves technical problems and issues

MAG AIR QUALITY PLANNING TEAM

Compeosition: Staff trom the Arizona Department of Environmenta! Quailty, Ar&ona DWf of
Transpartation; Maricopa County Environmental Quality and Community Services Agency; Mariccpa
Association of Governments .

Agency Roles

» Arizona Department of Environmental Quality - air quality modeling and technical assistance, mobile
source emissions research and nventory, input for the comprehensive list of measures and feasility
analysis, information relating 10 the Vehicle Emission Inspection Maintenance Program, stationary and
portable source controf strataegies. air quality research studies, State Air Quality fund administration,
adoption and submimal of State Impiementation Plans to the Environmental Protection Agency, tracking
plan implamentation, assurances, special purpose air quality and meteorological monntoring for plan
development and compliance

» Arizona Depantment of Transportation - State Transportation Improvement Program, cther trangportation
plans and programs, input for the comprehensive list of measures and feasibility analysis -

» Maricopa County Environmental Quality and Community Services Agency - stationasry sourcs emissions
inventory and controls, coordinating the comprehensive emissions inventory, air qually monitoring
data.input for comprehensive list of measures and feasibilty analysis, mandatry travel reduction
program, trip reduction data, voluntary no drive days program, tracking plan implementation, reascnable
tunther progress, assurances, special purpose air quality and meteorclogical monitoring for plan
development and compliance

¢ Maricopa Association of Governments - demographic projections and socicecanamic data, transportation
modeling, air quality modeling, Regional Transportation Improvement Program, Regional Transportation
Plan, other transponation pians and programs, congestion mangement system, conformity, input for
comprehensive list of measures and feasibility analysis, developmsnt of the air quality plans, interface
with state, county, and local entties, recommending future year travel reduction goals, policies, and
standards to Maricopa County, assistance to Maricopa County for the mandatory trav _rcducnon program,
review reasonable further progress made to reducs air pollution and pian adjustments f necsssary, review
plan implementation ) :

The technical planning work is closely coordinated with EPA Region IX staff, Federai Highway

Administration, and Federal Transit Administration.




ATTACHMENT TWO

MAG REGIONAL AIR QUALITY PLANNING PROCESS

MAG REGIONAL COUNCIL

Compogsition: Elsctad officials from 24 cities and towns, Maricopa County, Gila River Indian Community, and
Arizons Dspartment of Transponration. Regional Public Tnnsporutlon Authority

Reviews all perunent air quality data

Adopts regional arr quality plans )
Formally requests that state. county. local. ang other appropnate agencies :molement measures in the plans

Approves tnp reduction goals anc pouc:es anc recommends to Mancopa County
Determinas canformity, subject to the consuitation procedures as provided by law (Clean Air Act § 175)
Maintains an arr gualitvtranscerrauon glanning crocess cansistent with federal law

_ MAG MANAGEMENT COMMITTEE
Composition: Managers from 24 cities and towns, Maricopa County, Glla Rlver indlsn Community, and Arizona
Department of Transportation, Regional Public Transportation Authority

o Reviews all pertinent air quality and transportation data
+ Recommends reqional air quality and transponaton plans
e Recommends tnp reduction gaals and policies

MAG AIR QUALITY POLICY COMMITTEE
Composition: 10 siected officials from cities and towns and Maricopa County and § clitizen representatives +

ex-officio representatives from Arizona Department of Environmental Quallty, Arizons Department of
Transportation, and Maricopa County Environmental Quality and Community Secvices Agency

o Roviews all pertinent air quality data from the technical pianning process

o Reviews air quality research studies conducted by MAG, Arizana Oepartment of Environmemtal Quality, EPA,
Maricopa County Environmental Quality and Community Services Agency, etc.

» Reviews related data generated from other MAG regional planning areas syuch as transportation, transit, population,
regional dovolopmom water quality, soid waste, etc.

s Studies in detail a comprehensive list of control measures. Data on the measures includes: description of the

measures, air quality impacts, complementary measures, implementation responsibility, costs, advantages and

disagvantages, etc.

Recommends air quality measurss for the plans

Conducts pubiic heasings on the pians .

Formally recommends regional air quality plans and control measures

Recommends trip reduction goals and policies
Conducts conformity reviews, subject to the consultation procedures as provvdod by law (Clean Air Act § 178)

Reviews reasonable further progress madse 10 reduce air poliution and recommends plan adjustments if necessary
Pravides input an the MAG congestion management system

ADDITIONAL WORKING GROUPS
AS NECESSARY




ATTACHMENT THREE

IMPLEMENTATION OF MAG REGIONAL AIR QUALITY PLANS
GENERAL IMPLEMENTATION AUTHORITIES

ATE - ARIZONA DEPARTMENT OF ADMINISTRATION

. Travel reduction and adjusted work hours for state employees

- STATE - ARIZONA DEPARTMENT OF COMMERCE

. Capitol Ridesharing Program

STATE - ARIZONA DEPARTMENT OF ENVTR.QNMENTAL QUALITY

. Mobile source emissions controls
. Mobile source emissions research
Portable and some major stationary source controls
. Ambient air quality monitoring and research
. Assurances

STATE - ARIZONA DEPARTMENT OF TRANSPORTATION

. State and interstate transportation system planning, development and management
(includes High Occupancy Vehicle Lanes, Freeway Management Systems, etc.)

. Vehicle registration and licensing

. Transit Assistance Grants

STATE - ARIZONA DEPARTMENT OF WEIGHTS AND MEASURES

«  Oxygenated fuels
. Other fuel quality regulation (e.g. Reid-Vapor Pressure)
. Stage I and Stage-II vapor recovery

MARICOPA COUNTY .- ENVIRONMENTAL OUALITY AND COMMUNITY
SERVIS ES AGENCY

. Stationary source controls

. Delegated portable source controls
Area source controls (e.g. de minimis sources, materials storagc and handling,
construction)

Open burning control

Mandatory Travel Reduction Program (TRP) and Voluntary No Drive Days
Other transportation control measures in unincorporated areas

Ambient air monitoring

County roadways system planning, developmem and management

Planning and zoning (unincorporated areas)

Assurances

MAQ CITIES AND Tg YWNS

Municipal roadways system planning, developmem and ma.nagemcnt
Transportation control measures (besides TRP)

Planning ‘and zoning

Some area source controls (e.g. vacant land, construction practices)
Public transit (including Regional Public Transportation Authority)



MARICOPA_ASSOCIATION OF GOVERNMENTS

Future year travel reduction goals, policies, standards, and criteria
. Ridesharing program '
. Conformity determinations, as provided by law (Clean Air Act § 176)
. Allocation of Congestion Mitigation Air Quality Improvement Program Funds and

Surface Transportation Program Funds

: As noted in the MAG regional air quality plans, the action taken by the MAG
Regional Council to approve  the Suggested Measures and Adopted Plan Measures
does not commit each jurisdiction to implement those measures. As indicated in
the resolutions and commitments, each jurisdiction determines which measures are
reasonably available for implementation by that jurisdiction.



ATTACHMENT FOUR

OTHER IMPLEMENTATION AND ADOPTION FUNCTIONS

This attachment includes provisions for tracking plan 1mplcmcntanon and determining
reasonable further progress; assurances for adequate plan 1mplementauon, and procedures
and responsibilities for adoption of control measures and emissions limitations.

MENTATION '
FEURTHER PROGRESS

Each agency is afforded a review and comment period for each ongoing portion of a
plan or revision to a plan being prepared by another agency. Every effort will be made
_ to incorporate the comments of the rewcwmg agcnq into each portion of the plan being
prepared by another agency.

Maricopa County will develop monitoring guidelines with respect to reasonable further
progress which will be consistent with the needs of the ‘Arizona Department of
Environmental Quality and U.S. EPA. Maricopa County will-be résponsible for tracking
- emissions from point, area and non-road mobile sources and for tracking implementation
of control strategies. MAG will be responsible for tracking on-road mobile source
emissions and conformity. Maricopa County will integrate the MAG informaton and
reports with the Maricopa County information and submit it to the Arizona Dcpa.rrmcnt

of Environmental Quality.

For the EPA. the primary means of dcmonstratmg the rate of progress will be Lhrough
 the periodic inventories (i.e., complete, actual inventories) submitted every 3 years. EPA
has indicated in the General Preamble Section II.A3 (d) that they currentdy intend to
rely on existing reporting requiremeants such as emission statemeants, periodic inventories,
annual Aerometric Information Retrieval System update, and conformity reviews.

ASSURANCES FOR. ADEQUATE PLAN IMPLEMENTATION

In order to comply.with the Clean Air Act, State law provides an approach for
assurances that State and local committed measures will be adequately implemented
(ARS. §49—406 L and J.). If any person (includes State, County, local governments,
regional agencies, and other entities) fails to implement a committed measure, the
County would file an action in Superior Court to have the court order that the measure

be implemented. Likewise, the ADEQ Director will backstop the Counry if it fails to
implement a committed measure or if the Counry fails to backstop the local governmeants

and regional agencies.



Regarding committed measures, A.-R.S. $49-406 G. requires that each agency thar
commits to implement any control measure contained in the State Implementation Plan
must describe the commitment in a resolution. The resolution must be adopted by the
appropriate governing body of the agency. State law also requires the resolution to
specify the following: (1) Its authority for implementing the limitation or measure as
provided in statute, ordinance or rule: (2) A program for the enforcement of the
limitation or measure; and (3) The level of personnel and funding allocated to the

implementation of the measure.

As noted in the MAG regional air quality plans, the action taken by the MAG chmnal
Council to approve the Suggested Measures and Adopted Plan Measures does not
commit each jurisdiction to implement those measures. As indicated in the resolutions
and commitments, each jurisdiction determines which measures are reasonably available

for implementation by that jurisdiction.

PR DURE RESPONSIBIL FOR
N [ M

According to A.R.S. §49-404 B., the ADEQ Director may adopt rules that dcscnbe
procedures for adoption of revisions to the State Implementation Plan. The State, in

accordance with these rules, and the governing body of the metropolitan planning
organization (MAG) are required to adopt the nonattainment area plans (AR.S.

§49-406 H.).



ATTACHMENT II

Review of Eight-Hour Ozone Episodes
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MARICOPA ASSOCIATION OF GOVERNMENTS

OFFICE MEMO
January 24, 2006
TO: Cathy Arthur, Air Quality Modeling Program Manager
FROM: Ieesuck Jung, Air Quality Engineer 11

SUBJECT: REVIEW OF 2000-2004 OZONE EPISODES IN THE MARICOPA COUNTY
8-HOUR OZONE NONATTAINMENT AREA

This memorandum is prepared for a review of the characteristics of monitored 8-hour ozone (O3)
episodes that have occurred in the Maricopa Nonattainment Area (MNA) over the five ozone
seasons of 2000-2004. A total of 57 days exceeded the 8-hour ozone standard during this period.
This document includes information on the following:

1) the characteristics of the 8-hour ozone episodes reflected by the monitored ozone
data;

2) the meteorological conditions associated with days having high ozone concentrations;
and

3) recommendations on possible 8-hour ozone modeling episodes in accordance with the
final draft “Guidance on the Use of Models and Other Analyses in Attainment
Demonstrations for the 8-hour Ozone NAAQS” (EPA, February 2005).

As a result of the aggregate consideration of the four primary criteria recommended as the basis
for choosing episodes to model and additional secondary selection criteria regarding the EPA’s
draft guidance (EPA, February 2005), three episodes, August 5-11, 2001; June 3-7, 2002; and
July 9-15, 2002, are recommended as the 8-hour ozone modeling episodes.

1. EPA Guidance on 8-Hour Ozone Episode Selection

The EPA’s draft guidance (EPA, February 2005) provides the procedures for selecting 8-hour
ozone modeling episodes to achieve satisfying model results. The main criteria influencing 8-
hour ozone episode selection include:

o Selecting episodes representing a variety of meteorological conditions that frequently
correspond with 8-hour ozone exceedances at multiple monitoring sites;



Selecting episode days with 8-hour ozone concentrations close to each monitors’ Design
Value and consistent with the form of the NAAQS such as the ozone levels that lead to
nonattainment designation;

Selecting periods having adequate emissions, air quality, and meteorological data
available for the attainment test; and

Selecting episodes having a sufficient number of days to make the modeled attainment
test applied at each monitor violating the NAAQS be based on at least several days.

Tradeoffs among the four primary criteria may be necessary in certain applications when
conflicts occur among these criteria. Also EPA provides secondary episode selection criteria in
case it is hard to select episodes with primary criteria. The secondary criteria include:

Selecting episodes modeled previously;

Selecting episodes having ozone concentrations close to the Design Value on as many
days and at as many sites as possible;

Selecting episode days serving as the basis for the current average design value during
the five-year period; and

Selecting episodes including weekend days, if 8-hour ozone exceedances occur on
weekends.

2. Episode Selection Methodology

2.1 Episode Selection Procedure

The following procedures have been employed for selecting 8-hour ozone modeling episodes for
the MNA:

Tabulate all days from 2000 to 2004 for any ozone monitor in the MNA that had an 8-
hour ozone concentration of 80 ppb or higher.

Identify multi-day episode periods in which exceedances of the 8-hour ozone standard
occurred for several days at monitors in the MNA along with multiple monitors
experiencing 8-hour ozone of 80 ppb or higher:

o Eliminate days in which the 8-hour ozone exceedance was observed at only one
monitor with low ozone values at others.

Summarize the daily maximum 8-hour ozone concentration at each monitor in the MNA
for each episode day identified above with the number of exceedance days.

Perform backward trajectory analysis for the monitoring sites with 8-hour ozone
exceedances during each episode identified above using the HYSPLIT model and
compare it with meteorological data to identify the following regime:



o General direction of winds;
o Characteristics of ozone episodes (local versus transport)

e Select a subset of the most appropriate episodes as the final candidates satisfying the
following conditions:

o Presenting high and wide-spread 8-hour ozone concentrations with multiple
exceedances in the MNA;

o Representing the different types of meteorological conditions that lead to elevated
8-hour ozone concentrations in the MNA; and

o Satisfying EPA’s episode selection criteria listed above.

e Analyze the meteorological conditions of the final candidates for §-hour ozone episodes
and develop a Conceptual Model of the ozone exceedance days.

Based on this approach, the available episodes were ranked for appropriateness for developing 8-
hour ozone control plans.

2.2 Results of Historical Ozone Data Analysis

Monitored ozone data from the period of 2000-2004 in the MNA were examined to identify 8-
hour ozone episodes. All days in which any ozone monitors in the MNA experienced 8-hour
ozone exceedances of 80 ppb or higher for a daily maximum 8-hour ozone concentration were
examined.

Within the 8-hour ozone nonattainment area, there are 27 ozone monitoring sites operated by the
Maricopa County Air Quality Department (MCAQD) (22 sites), the Pinal County Air Quality
Department (PCAQD) (1 site), and the Arizona Department of Environmental Quality (ADEQ)
(4 sites). During the period 2000-2004, 14 sites have complete data sets. Hourly ozone data for
these sites have been obtained from the AIRS/AQS database. The MAG air quality modeling
group developed web applications to calculate 8-hour forward running averages (storing average
in the start hour of the 8-hour period) from hourly ozone data, daily maximum 8-hour ozone
values, the annual 4® highest 8-hour ozone value, and 8-hour ozone design values. These web
applications satisfying EPA’s guidelines (40 CFR-Chapter I-Part50 “Inferpretation of the §-
Hour Primary and Secondary National Ambient Air Quality Standards for Ozone”) improve the
accuracy of the calculations and reduce processing times dramatically compared with
conventional methods using Excel spreadsheets. The results from these applications have been
verified by comparison with AIRS/AQS reports. The EPA guidance followed in this assessment
has been reproduced in Appendix A.

2.2.1 Temporal Patterns

2.2.1.1 Annual Distribution



Annual trends of 8-hour ozone exceedance days (equal to or greater than 85 ppb) from 2000 to
2004 are presented in Figure 1. Eight-hour ozone exceedance days have decreased during this
period, especially in 2004. The data were obtained from 27 air quality monitoring sites within the
8-hour ozone nonattainment area. Table 1 shows the annual distribution of 8-hour ozone
exceedances for different cut-off values, such as 75, 80, 85, and 90 ppb.

2.2.1.2 Seasonal Distribution

For the period 2000-2004, 8-hour ozone exceedances occurred without exception during the
historical ozone season from April to August. Figure 2 shows the seasonal number of 8-hour
ozone exceedance days (85 ppb or higher) for 2000-2004. Eight-hour ozone exceedances
occurred predominantly in August (36.2%). Table 2 presents the seasonal distribution of 8-hour
ozone exceedances for different cut-off values from 75 to 90 ppb. When the cut-off value has
decreased to 75 ppb, the ozone season extends into October. Eight-hour ozone exceedances
occurred most frequently in August, regardiess of cut-off value. This indicates that August has
been the major month for 8-hour ozone exceedances.

2.2.1.3 Daily Distribution

Over the five-year period (2000-2004), 8-hour ozone exceedances occurred on every day of the
week. To assign exceedances to a day of the week, regional daily maximum 8-hour ozone values
(one value per day in the MNA) have been obtained from daily maximum 8-hour ozone values of
each site and the days having exceedances have been filtered to assign to a day of the week.
Figure 3 indicates the daily number of 8-hour ozone exceedance days (85 ppb or higher) for
2000-2004. Eight-hour ozone exceedances occurred most frequently on Wednesday (12 days).
Almost four-fifths (79%) of the 8-hour ozone levels equal to or greater than 85 ppb have
occurred on weekdays, while the remainder have occurred on weekend days. Table 3 shows the
daily distribution of 8-hour ozone exceedances for different cut-off values, such as 75, 80, 85,
and 90 ppb. As the cut-off value is increased, the proportion of 8-hour ozone exceedance days on
weekdays has increased, while the proportion of weekend days has decreased. This indicates that
high level concentrations of 8-hour ozone occur mostly on weekdays.

2.2.1.4 Diurnal Trends

Over the five-year period (2000-2004), 8-hour ozone exceedances occurred predominantly from
late morning (9:00) to early afternoon (15:00). To assign exceedances to a particular hour, daily
maximum 8-hour ozone values and the hours in which they occurred (forward running average)
have been obtained from each site and the hours having exceedances have been filtered to assign
to a particular hour. Figure 4 shows the diurnal distribution of 8-hour ozone exceedance days (85
ppb or higher) for 2000-2004. Eight-hour ozone exceedances occurred most frequently at 11:00
(72 days). Table 4 presents the diurnal distribution of 8-hour ozone exceedances for different
cut-off values from 75 ppb to 90 ppb.

2.2.1.5 The Fourth Highest Ozone Values

Table 5 summarizes the fourth highest ozone values at all monitors in the MNA since 1998.
October of 1999 had the highest ozone levels since 1998 with the fourth highest levels at the
West Phoenix Site above 91 ppb and values at several other monitors (79%) above 80 ppb. Many



of the monitoring sites recorded peak values in 1999 and the values have gradually decreased
since then. In 2001 and 2004, values were lower, with fourth highest values less than 80 ppb at
most monitoring sites.

Table 6 indicates the highest values at selected ozone monitors during the summer of 2004.
There were four days in July (24™ 25", 26™ and 27") when ozone readings exceeded 80 ppb at
one or more monitors in the region. The Central Phoenix site, the Glendale site, the South
Scottsdale site, and the West Phoenix site recorded the top four ozone values on these four days.
The North Phoenix site was the only site that recorded a value above 80 ppb for the fourth high,
and the site also recorded the maximum ozone value (87 ppb) in the region. On most of these
four high days in 2004 high ozone concentrations were also recorded elsewhere in the region.
For three of these four days, 8-hour ozone concentrations at the North Phoenix site were higher
than values in the remainder of the region. During the previous five years, the maximum ozone
concentration at the North Phoenix site ranged from 87 ppb (2004) to 93 ppb (2001,2002, and
2003), while the annual fourth maximum values ranged from 80 ppb (2004) to 86 ppb (2000,
2001, and 2003). More detailed information about the yearly highest ozone concentration for
each site 1s presented in Appendix B.

Table 7 summarizes the 3-year averages of fourth highest values at selected monitors for 2000-
2002 to 2002-2004. These values are comparable to the 8-hour ozone National Ambient Air
Quality Standard (NAAQS). The Humboldt Mountain site and the North Phoenix site represent
the locations of most concern, since their 2002-2004 averages are 85 ppb and 84 ppb,
respectively. In 2005, the region would violate the standard if the 4 highest value at the
Humboldt Mountain site and the North Phoenix site are greater than 90 ppb and 89 ppb,
respectively. These values are labeled as ‘Allow (2005)’ in Table 7. In 2005 the actual 4™ highest
value at the Humboldt Mountain and the North Phoenix site were 87 ppb and 84 ppb,
respectively. There was a greater cushion for maintaining the standard in 2005 at the other
monitoring sites.

Table 8 presents all high ozone days that had at least one monitoring site with ozone
concentrations greater than or equal to 80 ppb in the MNA. Numbers in bold text in red are the
maximum 8-hour ozone concentrations for the day. Shaded boxes in yellow are all additional 8-
hour average ozone concentrations greater than or equal to 80 ppb. To the right of each date is
the beginning hour of the regional 8-hour maximum ozone concentration (bold text) for that day.
Dates shaded in blue are potential episodes considered for meteorological and air quality
modeling.
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Figure 1. Annual distribution of 8-hour ozone exceedance days (>85 ppb) for 2000-2004

Table 1. Annual distribution of 8-hour ozone exceedance for each cut-off value

Cut-Off Value Annual Exceedance Days
(ppb) 2000 2001 2002 2003 2004
75 70 46 48 52 27
80 50 29 28 24 1
85 20 12 14 11 1
90 7 2 9 2 0
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Figure 2. Seasonal distribution of 8-hour ozone exceedance days (=85 ppb) for 2000-2004

Table 2. Seasonal distribution of 8-hour ozone exceedance for each cut-off value
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(ppb) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
75 0 0 0 17 62 35 47 65 15 2 0 0
80 0 0 0 8 32 22 31 46 3 0 0 0
85 o 0 0 1 9 9 17 21 1 0 0 0
90 0 0 0 0 0 4 8 8 0 0 0 0




Distribution of 8-hour Ozone Exceedance Days, by Day of Week
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Figure 3. Distribution of 8-hour ozone exceedance days (=85 ppb), by day of week, for 2000-
2004

Table 3. Daily distribution of 8-hour ozone exceedance for each cut-off value

Cut-Off Value Daily Exceedance Days Proportion (%)
(ppb) Mon | Tues | Wed | Thu Fri Sat | Sun Weekdays Weekends
75 32 33 32 38 35 40 33 70 30
80 18 23 17 22 24 22 16 73 27
85 8 10 12 9 7 i 5 79 21
90 4 4 4 3 2 2 1 85 15
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Figure 4. Diurnal distribution of 8-hour ozone exceedance days (=85 ppb) for 2000-2004
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Table 4. Diurnal distribution of 8-hour ozone exceedance for each cut-off value

Cut-

off (g|/g(g|g|g|s|s|s|s|g|8|8|8|8|8|8|8|(8|8|8|8|8|8|28
Value (& |+ |& |& |9 |6 |6 |R|s|&s|S|(c|d|8|E|e8|g|c|&|8(8|S|8|8
(ppb)

75 11 0| O| 1| 0O 0| 0| 0| 3| 45/248508/199 57| 19| 15| 14| 6| 9| 2| 3| 0| 2| 3
80 11 0| 0 1| 0| 0| O} 0| 0| 19/ 83|204/ 102 28 12| 10 7| 2| 3| 1| 0| 0| 1| 2
85 | 1| 0| of o| ol o| o of O| 6| 19 72| 37| 15 7| 4| 1| 1| 1| 1| 0| 0| 1| 2
90 0ol o ol o] o o of of ©0| 2| 4| 14| 18 7| 0| 2| 0| 0| Of O| O| Qf O] 1




Table 5. Fourth maximum 8-hour ozone concentrations from 1998 through 2004

‘ ; 1998 . 1999 . .2000 2001 - 2002 {2003 | 2004 .
Site - 8hr0:4" ! 8-hr0,4" | 8hr0;4™ | 8-hr0:4™ ! 8-hr0;4" | 8hr0;4% | 8-hr0;4"
L o oMax. . Max. i Max. | Max Max, . Max ' 1 Max .
Apache Junction ; ' o 79 75 : 69
(wsoaozrzo0ny o NAL L NA T WAL VA (esi2002) | (ri232003) | (511312004) |
Bius Point SRS TR TR T e T e T e 75
(BP.04013.0702) | (128/1998) | (528/1999)  (8/152000) | (182001) | (7/1312002) | (027/2003) | (5/15/2004)
om0 e d (RSIS) | (R61999) | (152 192002) | (ETI2008) | (/152008).
(BE: 04-013-4011) o NA ] NA A N/A N/A A (8/10/2004)
BE. 0013 SRS AVl NI E— — e
(ccoa034008 | NA L NA L NA ] erizoon | ier2002) | (113012003) | (6i11/2004) ]
Central Phoenix ! 79 : 78 76 75 76 79 74
CP04013:3002) | (323199) | (8/611999) | (5132000) | (61162001) | (95/2002) | (811712003) | (7I2412008)
Dysart ; ' 73 65 i
(DY: 04-013-4010) NALp NR o NA NA- NA 1 (8r1412008) | (9/11/2004)
Emergency Management 81 86 66 63
(EM:04-013-3004) | (9/19/1998) | (7/115/1999) | (8/19/2000) | (5/12/2001) NA- ] NA NA
Falcon Field 83 82 75 81 84 79 70
FF: 04-013-1010) (6/1411998) | (5/28/1999) | (8/16/2000) | (8/17/2001) | (6/6/2002) | (812/2003) | (5/15/2004)
Fountain Hiils 86 86 8 ] 8 86 & | 75
(FH: 04-013-9704) (524/1998) | (5/28/1999) | (8/1/2000) | (8/10/2001) | (6/4/2002) | (7/23/2003) | (8/3/2004)
Giendale 70 81 80 78 83 85 76
(GL: 04-013-2001) (322/1998) | (6/20/1999) | (5/20/2000) | (8/2/2001) | (7/10/2002) | (5/21/2003) | (7/27/2004)
Humboldt Mountain 90 86 82 85 90 87 ] 78
{(HM: 04-013-9508) (8/5/1998) | (5/15/1999) | (5/2/2000) | (816/2001) | (6/3/2002) | (7/30/2003) | (5112/2004)
L ake Pleasant 82 81 ) 82 73
(LP: 04-013-9805) (8/3/1998) | (4/21/1999) | (6/29/2000) | (6/5/2001) N/A N/A N/A
Maryvale 8 80 80 73 84 83 A
{MV: 04-013-3006) (5/23/1998) | (7/5/1999) | (5/20/2000) | (5/812001) | (7/12/2002) | (7/2212003)
- Mesa 80 83 75 74 72 A A
{ME: 04-013-1003) | (711011998) | (5/26/1999) | (4/23/2000) | (8/16/2001) | (6/6/2002) |
Mount Ord 88 87 90 77 T
(MORD: 04-013-9701) | (5/24/1908) | (4/21/71909) | (8/52000) | (7iaro0n) | NA A N/A
North Phosnix 89 84 86 86 85 86 80
(NP; 04-013-1004) (5/24/1998) | (5/28/1999) | (8/24/2000) | (7/2/2001) | (6/6/2002) | (7/16/2003) | (8/1/2004)
Palo Verde 80 80 80 74 78 75 7
PALV: 04-013-9993) (8/31/1998) | (5/2811999) | (6/512000) | (5/8/2001) | (6/18/2002) | (6/28/2008) | (4/28/2004) |
{Pinnacle Peak 86 84 86 85 84 83 68
PP: 04-013-2005) (8114/1998) | (5/26/1999) | (7/31/2000) | (8/6/12001) | (7/11/2002) | (7/30/2003) | (7/26/2004)
iRio Verde 79 8 86 83 85 85 1 74
(RV: 04-013-9706) (5/16/1998) | (5/28/1999) | (8/9/2000) | (8/9/2001) | (6/5/2002) | (7/23/2003) | (6/12/2004)
ISouth Phoenix N/A 63 83 76 81 76 72
SP: 04-013-4003) _ (10/9/1999) | (5/21/2000) | (8/1/2001) | (6/5/2002) | (5/27/2003) | (4/25/2004)
iSouth Scottsdale 78 72 80 79 79 79 73
SS: 04-013-3003) (5/23/1998) | (5/28/1999) | (8/19/2000) | (8/6/2001) | (7/11/2002) | (7/23/2003) | (7/24/2004)
Super Site 75 46 76 75 76 75 75
SUPR: 04-013-9997) (7I27/1998) | (3114/1999) | (5/13/2000) | (7/12/2001) | (710/2002) | (5/21/2003) | (8/10/2004)
urprise ] 71 79 66
{(SU: 04-013-4007) N/A N/A N/A (5/8/2001) | (5/13/2002) | (5M0/2003) N/A
Tompe A A 78 79 80 80 71
(TEMP; 04-013-4005) (7/30/2000) | (8/19/2001) | (6/5/2002) | (8/12/2003) | (4/24/2004)
West Chandler (old) 74 69 74
WC: 04-013-3000) (5/24/1998) | (5/28/1999) | (4/29/2000) NIA N/A N/A N/A
West Chandier A 77 78 L) 78 70
(WC: 04-013-4004) (8/10/2000) | (6/16/2001) | (8/8/2002) | (7/2212003) | (4/25/2004)
West Phoenix 86 81 ! 75 84 77 72
(WP: 04-013-0019) (7110/1998) (5/19/2000) | (7/12/2001) | (7/12/2002) | (5/21/2003)
be T R R
- A72%) (67%)- (80%) ..
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fl"Aable 6. Highest ozone concentrations at selected sites in 2004

S|te R e mar S
TR AL ®pb) o (ppb) __ppb) (ppb)
Apache Junction 70 70 70 69
SR ... \515/2004) i (6/1172004) oy (8/3/2004) i (5113/2004)
- Po;nQ B g1 L LN 75 ?
e . (8/3/2004) i (6/11/2004) o (72712004) 0 (5M15/2004) |
ko 68 67 | 64 58
e D . (eel200&) | (91/2004) | (8/15/2004) | (8/10/2004)
Cave Creek t 79 77 z 76 78
‘. (9/10/2004) (8102004) | (6110/2004) (6/11/2004)
iCentral Phoenix /8 % 7 75 ; 74
e _(7/252004) i (7/26/2004) i (7/27/2004) 1 (7/24/2004)
Dysart 74 73 70 | 65
e (7/25/2004) (7126/2004) _(724/2004) G (911/2004)
Falcon Field 77 " H 72 { 70
‘ et ATI2712004) (8r3/2004) i (7126i2004) . (5/15/2004)
Fountain Hills 7 7 ; 76 75
(5/15/2004) (6/11/2004) (7127/2004) _(8132004) |
Glendale 82 80 79 /6
(7126/2004) (7/24/2004) (7/25/2004) (712712004)
: 81 80 80 78
{Humboldt Mountain (6/11/2004) (6/10/2004) (9/9/2004) (5112/2004)
North Phoenix 87 84 82 80
_ (7/27/2004) (7/26/2004) (7124/2004) (8/1/2004)
75 74 73 75
jPalo Verde (7125/2004) (5/1/2004) (5/12/2004) (4128/2004)
Pinnacle Peak 1 0 69 68
(5/15/2004) (3/19/2004) (5114/2004) _ (712612004)
Rlo Verde 83 44 7 74
v _ (5/15/2004) (5/13/2004) (5/14/2004) (6/12/2004)
v ] 79 73 73 73
South Ph°e’7_'"_ ] | (7/25/2004) (6/11/2004) (9/11/2004) (4125/2004)
. 81 79 77 73
jSouth Scottsdale (7/26/2004) _(712712004) (7125/2004) _ (T12412004)
Super Site 7 76 73 72
, (7/26/2004) (7/25/2004) (7/2412004) (8110/2004)
- 78 7 72 71
pe (7/25/2004) (7/26/2004) (7127/2004) (41242004)
73 72 7 70
[West Chandler (7/25/2004) (4/24/2004) (7/26/2004) (4/25/2004)
: &0 77 74 72
|West Phoenix (7/25/2004) (7/26/2004) (7/24/2004) (7/27/2004)

11



Table 7. Three-year average of 4™ highest 8-hour ozone concentrations from 2000 through 2004

s site 'a-h'zrog?4“" '8'-52?08:#'“ 8-h2ro(ggz4‘“ 8:hi-; & | 0, 4" | Average | A"erage E Allow e

- CMax. | Max. | Max. | Max. .| Max.. 2000~2002i2001~20032002-«2004‘ (2005)
‘f}ﬁ:;,“jn MR NA L ehuoe | s eramos) MR | MR | T e
Bl Port |@risizoon | @rarz00r) | (1132002) | eroos) linooney | B | B | e s
i uckeye N/A N/A N/A NA g e ol NA N/A NA | NA
_C_"’”f,?'ee,k.. LN oo | erzoon) | qronos) (oo | NA L B | B2 %
é?foLT??Tiq.(5,(1§7’§9€192-,,‘@{1.?712,991)..,"~(6/5/72%02),m o) ooy 7S T | 70| w02
%Dysartwh N/A NA | NA g 47/2003) (9/132004> N/A N/A NA |17
fn?ﬁégiﬁfim (8/1912000) | (5112/2001) NA NA NA | NA- | NA N/A NIA
Faloon Field (8_/167/2000) (8/178/2001)’ (6/6?24002) (8/127/2003) (5/157/2004) 80 81 78 106
Fountain Hills (8/1?2%00) (8/1,032001) (6/4?2%02) ,(7/2:3:25003)” (8,/3,/72%04) 85 g4 | 81 97
Glendale (5/20%2000) (8/2/728001) (7/10%3002) (5/21?2003) (7/277/2004)’ 80 82 81 94
Humboiai | 82 85 %0 &7 78 w e o o
Mountain (5/2/2000) | (8/16/2001)| (6/3/2002) | (7/30/2003) | (5/12/2004) I N
Lake Pleasant | (6/29%000) (6/5/72%01) N/A NA | NA N/A N/A N/A N/A
Maryvale (5/2(5312000) ,(5/8/723901) (7/128/‘21002). (7/228/3003) NAC T s NA - NA
Mesa (4/237/3000) 8/ 67/‘21001) (6/6/722002) NA NA T4 N/A NIA NA-
Mount Ord (8/5?2%00) (7/1_37/2001) NA | N boNa NA | NA N/A N/A
North Phoenix (8/2432000) (7/2?2%01) (6/6?25002) ' (7/1632003) (8/1/82%04) 86 | & | &4 89
Palo Verde (6/5?2%00) (5/8/724001 ) (6/187/2002) (6/287/2003) | (4/287/3004);___ 7 76 75 108
Pinnacle Peak (7/318/20_00)_ (8/6725001) (_7/11%20{02)_ (7/3(?/2003)%(7/266;2004)‘ 8 | 84 8 104
RioVerde (8/9/826000) (8/9723001) (6/5/8_2_5002) _ (7/23%:25003) (6/127/;004) 85 84 81 o8
Sout Proenix |6 112000)| 1200 | (@r2002) | rzrions) |zsizoosy | 0| 7| 70 | 107
South 80 79 79 79 73 2 o . 0
IScottsdale | (8/19/2000) | (8/6/2001) | (7/11/2002) | (7/23/2003) | (7/24/2004)
{Super Site (5/137/3000) (7/127/3001) (7_/107/2002): (5/217/2003) (8/107/3004)_ | v 74 108
Surprise N/A (5,8/721001) | (5/137,2002) (5/106;2003)_ NA | ONA | 72 N/A N/A
Tempe (7/307/2000) (8/197/2001) (6/5?2%02), (8/128/2003) (4/247/5004) 79 80 7 104
Vgﬁf; Ch"’»‘”d"er ( 4/297/;‘000) N/A N/A N/A N/A N/A N/A N/A N/A
West Chandler (8/107/;000) (6/167/2001) (8/8?2%02) (7/227/2003) (4/257/20_04) 79 80 e
VWest Phoenix (5/19%000) (7/127/2001_) _(7/1_2%‘21002) (5/217/;003) (7/277/.3_004) 80 i 78 106

‘1 ‘Mountain
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2.2.2 Spatial Patterns

The spatial distribution of the frequency of the 8-hour ozone exceedances for 2000-2004 in the
MNA is presented in Figure 5 and Table 9. Numbers next to each site indicate the number of
days in which the 8-hour average ozone concentration was greater than or equal to 80 ppb at
each of the monitoring sites for the five-year period. The five sites with the highest number of
ozone exceedance days are Blue Point (BP; 60 high ozone days), Humboldt Mountain (HM; 58
high ozone days), Rio Verde (RV; 44 high ozone days), Fountain Hills (FH; 36 high ozone
days), and North Phoenix (NP; 36 high ozone days). These five sites with the highest number of
ozone exceedance days are located in the northeast portion of the MNA. The northeastern
portion is the area of most concern in the 8-hour ozone nonattainment area. Table 9 presents a
tabulation of the number of total and annual exceedance days greater than or equal to 80 ppb at
each monitoring site for 2000-2004. Numbers in bold text in red indicate the maximum number
of annual exceedance days each year. The daily spatial distribution of 8-hour ozone
concentrations on selected high ozone days is illustrated in Appendix D.

BL s e ae Y
ALY o 0 18 TRyE

Figure 5. Number of high 8-hour ozone days greater than or equal to 80 ppb at each ozone
monitoring site in the MNA for 2000-2004. (The number in red means the maximum count in the
region.) (See Table 5 for site abbreviations.)
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Table 9. The number of days exceeding 80 ppb at each monitoring site for 2000-2004

. Total Annual Exceedance Days
Site Exceedance
Days 2000 2001 2002 2003 2004
BP 60 31 4 10 14 1
HM 58 10 16 19 10 3
RV 44 18 11 6 8 1
FH 36 11 7 13 5 0
NP 36 9 8 9 5 5
PP 29 7 i 9 6 0
cC 27 N/A 7 13 7 0
FF 18 2 5 10 1 0
GL 18 4 3 5 4 2
SP 18 8 3 6 1 0
MV 17 4 1 i 5 N/A
MORD 15 14 1 N/A N/A N/A
TEMP 15 3 3 5 4 0]
WP 14 4 1 5 3 1
WC 13 2 3 i 1 0
SS 12 4 2 2 3 1
PALV 10 4 0 3 3 0
SUPR 10 1 3 3 3 0
CP 8 2 0] 3 3 0
LP 7 7 0 N/A N/A N/A
SU 3 N/A 0 3 0 N/A
ME 2 1 0 1 N/A N/A
DY 1 N/A N/A N/A 1 0

* See Table 5 for site abbreviations.
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2.3 Meteorological Conditions Associated with 8-Hour Ozone Episodes

This section describes the synoptic-scale and regional-scale meteorology associated with 8-hour
ozone episodes that occurred in the MNA during the period 2000-2004. The air quality and
meteorological conditions for each day with an 8-hour average ozone concentration greater than
or equal to 80 ppb were analyzed to classify the events by meteorological type. Initial conceptual
models were developed for meteorological conditions associated with 8-hour average ozone
concentrations above 80 ppb and above the standard of 85 ppb.

The meteorological conditions were assessed through review of the Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT) model runs and the Arizona Meteorological
Network (AZMET) data, especially the Phoenix Encanto site (Latitude: 33.47 and Longitude: -
112.09), available for the time periods. AZMET data was used due to completeness of the data,
density of the monitoring sites, and intensive temporal resolution for the hourly average data.

2.3.1 Regional Meteorology
2.3.1.1 Temperature

Temperature data from the AZMET Phoenix Encanto site were reviewed for the high ozone
days. Table 10 presents daily maximum, minimum, and average temperatures for the high ozone
days during the period 2000-2004. The daily minimum, maximum, and average temperatures
ranged from 51 to 87 °F, from 82 to 114 °F, and from 66 to 101 °F, respectively. The mean
temperatures for the daily minimum, maximum, and average temperatures were 72.8 °F, 101.2
°F, and 87.7 °F, respectively. During the high ozone days exceeding 80 ppb, 70.9 % of days (100
days out of 141 days) recorded the daily maximum temperatures higher than 100 °F. The
proportion of days recording high daily maximum temperatures greater than 100 °F increased to
75.4 % when the high ozone day exceeded 85 ppb. The most days exceeding 80 ppb (36.9 %)
occurred when the daily maximum temperature was between 100 °F and 105 °F. The largest
proportion of high ozone days exceeding 85 ppb (40.4 %) occurred when the daily maximum
temperature was between 105 °F and 110 °F. The profile of the proportion of the high ozone
days by temperature is presented in Figure 6.

2.3.1.2 Air Flow Pattern

Surface wind data from the AZMET Phoenix Encanto site were examined for all of the high
ozone days whose 8-hour ozone concentration exceeded 80 ppb during the period of 2000-2004.
Surface wind for these days (total 141 days) had the following pattern:

e Winds during the early morning hours (0:00~6:00) were mostly calm (82.1%) and calm
wind flow was mainly northerly to easterly. (Figure 7 and Table 11)

¢ Wind flow during the morning hours (7:00~11:00) was mostly calm (64.5%), as in the

early morning hours, but calm wind flow was mainly easterly. Easterly wind increased to
20.1%. (Figure 8 and Table 12)
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e Major wind flow during the afternoon hours (12:00~18:00) changed to westerly. Calm
wind flow was reduced to 24.6% and southwesterly wind flow increased to 18.3%.
(Figure 9 and Table 13)

e  Wind flow during the evening hours (19:00~23:00) remained westerly but at a reduced
wind speed. Therefore, calm wind became predominant. (Figure 10 and Table 14)
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Table 10. Temperature observed from the AZMET Phoenix Encanto site for the high 8-hour
ozone days during the period of 2000-2004

Temperature (°F) - o 8-hr Ozone (ppb)
Date R S . SRR
N Daily.Min .. Daily;Average Daily Max

4/13/2000 60 76 81 |
4/20/2000 87 53 71 81
4/23/2000 85 58 71 81
4/24/2000 91 56 74 81
4/25/2000 95 59 77 82 ]
4/26/2000 99 58 79 85
4/29/2000 86 68 76 81
5/1/2000 96 56 77 81
5/2/2000 98 60 79 85

| 5/3/2000 98 62 80 82
5/11/2000 82 69 77 82
5/12/2000 - 85 57 73 80
5/13/2000 90 53 73 86
5/14/2000 96 59 77 83
5/19/2000 93 61 79 86
5/20/2000 99 65 83 89
5/21/2000 104 65 87 87
5/22/2000 107 67 90 82
5/23/2000 104 70 90 83
5/24/2000 100 70 88 81
5/27/2000 102 70 88 84
5/30/2000 104 70 89 83
6/5/2000 106 70 88 81
6/6/2000 106 75 91 81
6/29/2000 100 77 87 82
6/30/2000 100 81 91 83
7/23/2000 106 86 95 81
7/25/2000 109 80 96 81 ]
7/29/2000 104 82 94 84
7/30/2000 105 84 95 91
7/31/2000 104 78 91 95
8/1/2000 105 83 94 90
8/2/2000 105 80 95 90
8/3/2000 106 86 97 86
8/4/2000 108 80 96 86
8/5/2000 109 81 95 90
8/6/2000 101 79 90 81
8/7/2000 100 74 90 80
8/9/2000 103 79 91 88 ]
8/10/2000 104 82 93 93
8/12/2000 101 80 90 80
8/13/2000 104 82 93 80
8/14/2000 105 82 94 92
8/15/2000 104 82 94 87
8/16/2000 107 82 96 89
8/18/2000 96 75 85 81
8/19/2000 103 78 91 80
8/22/2000 99 78 89 80
8/24/2000 101 76 89 86
4/14/2001 83 51 66 80
5/7/2001 100 58 80 81
5/8/2001 103 63 83 80
5/10/2001 101 68 84 80
5/11/2001 103 66 84 80 ]
6/5/2001 96 65 82 87
6/6/2001 101 66 85 83
6/15/2001 100 59 81 86
6/16/2001 105 64 86 81
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Date

_Téﬁperatdre (°F)

Daily Max Daily Min Daily Average

6/21/2001 103 76 91
6/22/2001 104 84 93
71212001 114 81 99
7/12/2001 102 77 90
7/13/2001 106 83 93
8/2/2001 105 81 93
8/5/2001 103 78 89
8/6/2001 108 83 95
8/7/2001 104 84 92
8/9/2001 93 72 83
8/10/2001 97 79 88
8/11/2001 103 80 91
8/15/2001 102 76 90
8/16/2001 105 79 91
8/17/2001 103 78 90
8/18/2001 99 79 90
8/19/2001 102 80 91
8/23/2001 104 71 86
8/24/2001 106 70 88
8/25/2001 108 71 89
5/3/2002 85 53 69
5/4/2002 88 53 72
5/5/2002 90 57 74
5/11/2002 86 65 77
5/13/2002 101 62 82
5/24/2002 91 59 75
6/3/2002 93 70 83
6/4/2002 97 64 81
6/5/2002 103 69 87
6/6/2002 107 68 89
6/7/2002 106 72 91
6/17/2002 106 70 90
6/18/2002 105 71 89
6/23/2002 104 70 88
6/28/2002 108 69 90
7/5/2002 104 74 90
7/9/2002 109 82 97
7/10/2002 106 80 94
7/11/2002 108 82 95
7/12/2002 108 81 95
7/13/2002 108 85 98
7/15/2002 97 75 87
711712002 101 83 9N
7/24/2002 102 76 90
8/8/2002 106 73 91
8/9/2002 108 76 94
8/10/2002 108 83 95
8/16/2002 105 82 94
5/11/2003 89 52 71
5/16/2003 97 60 79
5/20/2003 100 62 82
5/21/2003 104 65 86
5/22/2003 101 71 88
5/27/2003 106 66 88
6/29/2003 107 74 91
7/14/2003 112 87 101
7/16/2003 114 86 99
7/21/2003 107 85 96
7/22/2003 107 83 95
7/23/2003 108 86 98
7/24/2003 103 86 94
712512003 105 84 96
7/29/2003 98 72 86
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Bt Temperature (°F) 8-hr Ozone (ppb)
ate
Daily Max Daily Min Daily Average Daily Max
7/30/2003 95 74 85 87
7/31/2003 100 79 90 81
8/12/2003 105 85 97 82
8/16/2003 96 77 87 92
8/17/2003 102 77 90 88
8/18/2003 105 79 92 84
8/20/2003 97 75 87 82
8/29/2003 100 76 89 83
3/27/2003 99 70 84 80
5/15/2004 98 61 81 83
6/10/2004 90 62 77 80
6/11/2004 95 62 80 81
7/24/2004 103 80 91 82
7/25/2004 105 78 92 80
7/26/2004 100 76 89 84
712712004 101 77 89 87
8/1/2004 106 78 94 80
8/3/2004 104 82 95 81
8/10/2004 108 78 94 80
9/9/2004 104 77 90 80
Range 82~114 51~87 66~101
Mean 101.2 72.8 87.7
50 — — — -
40.4
40 — —
31.
& 30
2
s | @ Exceeding 80 ppb
@
e [ Exceeding 85 ppb
& 20
101 71
l 18
0 N = T
Less than 90~95 95~100 100~105 105~110 Equalto or
90 Greater than
Daily Maximum Temperature (°F) 110

Figure 6. The proportion of the high ozone days by daily maximum temperature.
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West

PWD

Calm: 82.1%
H: 1%

HE: 0.6%

E: 5.T%

SE: 3%

S: 0.7T%

SW: 2.3%
W: 2.9%

HW: 1.6%

North
25%

20%

15%

10%

5%

South

East

Wind Speed {(m/s)

>1.5
6.0-7.5
4.5-6.0
3.0-4.5
1.5-3.0
0-1.5

Figure 7. The early morning (0:00~6:00) wind pattern for all of the high ozone days during the
period of 2000-2004.

Table 11. Categorization of primary wind direction and calm wind during the early morning

hours (0:00~6:00) for all of the high ozone days (2000-2004)

Primary Wind Direction

Calm N NE E SE S SW w NW
Percentile | 82.1% 1% 0.6% 5.7% 3% 0.7% 2.3% 2.9% 1.6%
Sv?rl:g b 26.5% 20% 5.1% 21% 3.1% 7% 8.9%
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North
25%

20%

159%

10%

West East

PWD
Calm: 64.5%
H: 0%
HE: 0% Wind Speed (m/s)
E: 20.1% B >15
SE: 7.1% B 6.0-7.5
S: 0.3% B 45-6.0
SW: 3% B 3.0-45
W: 3.3% " 1.5-3.0
HW: 1.7% o 015

= South

Figure 8. The morning (7:00~11:00) wind pattern for all of the high ozone days during the
period of 2000-2004.

Table 12. Categorization of primary wind direction and calm wind during the morning hours
(7:00~11:00) for all of the high ozone days (2000-2004)

Primary Wind Direction
Calm N NE E SE S SW W NW
Percentile | 54.5% 0% 0% 20.1% 7.1% 0.3% 3% 3.3% 1.7%
Sﬁ:\“; b 6.8% 13% 45.5% 17.8% 42% 2.2% 5.3% 5.3%
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West

PWD

Calm: 24.6%
N: 1.3%

HE: 1%

E: 4.5%

SE: 5.7%

S: 4.2%

SW: 18.3%
W: 35.8%
HW: 4.7%

North
50%

40%

30%

20%

South

' East

Wind Speed (m/s)
>1.5

6.0~7.5
4.5-6.0

3.0~4.5
1.5~3.0

0-1.5

IAEEEnm

Figure 9. The afternoon (12:00~18:00) wind pattern for all of the high ozone days during the
period of 2000-2004.

Table 13. Categorization of primary wind direction and calm wind during the afternoon hours

(12:00~18:00) for all of the high ozone days (2000-2004)

Primary Wind Direction
Calm N NE E SE S SW w NW
Percentile 24.6% 1.3% 1% 4.5% 57% 4.2% 18.3% .8 4.7%
EVE:rI'IrQ b 5.3% 8.2% 22.2% 17.3% 14% 11.5% 12.3% 9.1%
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West

PWD

Calm: 63.1%
N: 2.7%

HE: 1%

E: 2.6%

SE: 2.7%
S:1.1%

SW: 9.1%

W: 15.7%
HW: 2%

North
25%

20%

15%

1096

South

East

Wind Speed (m/s)

>1.5
6.0~7.5
4.5~6.0
3.0~45
1.5~3.0
0-1.5

Figure 10. The evening (19:00~23:00) wind pattern for all of the high ozone days during the
period of 2000-2004.

Table 14. Categorization of primary wind direction and calm wind during the evening hours

19:00~23:00) for all of the high ozone days (2000-2004)

Primary Wind Direction

Calm N NE E SE S sSwW W NW
Percentile | 63.1% 2.7% 1% 2.6% 2.7% 1.1% 9.1% 15.7% 2%
Gl b 12.6% 15.1% 13% 3.1% 2.9% 15.3% 26.1% 11.9%
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2.3.2 Identification of Meteorological Regimes

Identification of meteorological regimes associated with high ozone episodes is a major
component of the modeling protocol. Meteorological classification corresponding with high
ozone episodes is used for selecting episodes for air quality modeling and assists in examining
the relationship between certain types of meteorological regimes and high ozone episodes.

The approach for selecting episode days recommended in Appendix B of the UAM EPA
Guideline (EPA, 1991) was applied to identify the different types of surface meteorological
regimes. The guideline recommends constructing a climatological windrose of high ozone days
as the first step to identify meteorological regimes. The climatological windrose of all high
ozone days was constructed by grouping the calculated morning resultant wind velocities for all
of the exceedance days into eight compass directions plus calm. Calm winds, defined as those
with speeds less than 1.5 m/s in the EPA guideline reproduced in Appendix C, were also
identified. The resultant wind velocity for the morning hours from 7:00 am to 10:00 am was
calculated using the following equations:

Mean east-west component of wind

N
Y, == uSING)
N i=1

N
Vo= ! ZuiCOS(é’i)
i=1

Y )

Mean north-south component of wind

where,
U; = wind speed,
(9,- = wind direction in degrees (0 degree representing northerly winds); and

N = number of valid observations.

Then the resultant wind velocity was converted to the resultant mean wind speed and direction
using the following equations:

2 2
URV =V Ve + Vn Resultant mean wind speed

Oy =TAN™ -;— + FLOW

n

Resultant mean wind direction

where,
FLOW = +180; for TAN'(V./V,) < 180, and
FLOW = -180; for TAN(V/V,,) <180
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Table 15 presents the resultant wind velocities for all of the exceedance days grouped by the
procedure above. A red dot identifies an exceedance of the 8-hour ozone standard, while a black
dot identifies concentrations greater than or equal to 80 ppb. The predominant wind directions
(PWD), defined as the bins with frequencies significantly higher than the average frequency for
all nine bins (0-8), were identified as shown at the bottom of Table 15. Calm and easterly winds
were classified as PWD and the rest of the winds as “others”. Calm wind was the most
predominant among the nine bins and accounted for 112 out of the 141 high ozone days (79.4%).
The climatological windrose of all high ozone days constructed by this analysis 18 depicted in
Figure 11. Tables 16-17 summarize the results of the primary wind direction categorizations. The
8-hour ozone exceedances in the MNA during the 2000-2004 period were characterized by the
following conditions:

e Calm conditions comprised 78.9% of the exceedances —

o 40% of exceedances under calm conditions had an air mass originating in the east.
o 22.2% of exceedances under calm conditions had an air mass originating in the
west.

e Surface winds from the east comprised 10.5% of ozone exceedances.

Each exceedance day within each PWD category and within the “others” category was ranked
according to its areawide daily maximum 8-hour ozone concentration as shown in Table 18. The
two PWD categories, calm and easterly winds, and the “others” category became the three
meteorological regimes to consider in the attainment test. The top 3-ranked exceedance days
from within each of the three meteorological regimes are July 30, 2000, August 2, 2000, August
10, 2000, August 6, 2001, August 9, 2001, June 6, 2002, July 9, 2002, July 11, 2002, and July
22,2003. These days are candidates for modeling in the attainment test.

The daily surface weather maps for all of the high ozone days over the five ozone seasons of
2000-2004 were examined and provided in Appendix E. There was a distinctive synoptic pattern
identified by the examination of 141 surface weather maps. The pattern is characterized by a low
sea level pressure system over southwestern Arizona and a high sea level pressure system over
northeastern Arizona. In the 500-millibar height contours, the pattern is characterized by a low
500-millibar height over northern Arizona and a high 500-millibar height over southern Arizona.

The average of sea level pressure for all of the high ozone days over the five years is 1009.59
millibars (mb), which is lower than the average pressure at sea level, 1013.25 mb (1.0 atm). The
range of sea level pressure is from 1003.4 mb to 1014.9 mb. The average of the difference
between air and dew point temperatures is 30.27 °F, which indicates air with low relative
humidity. The average dew point temperature is 50.42 °F, while its range is from 17 °F to 73 °F.
However, the top 3-ranked exceedance days from within each of the three meteorological
regimes occurred when dew point temperatures were usually higher than the average 88.9 % (8
out of 9 days). For the number of high ozone days covered by cloud, 57.4 % (81 out of 141 days)
of the high ozone days and the 88.9 % (8 out of 9 days) of the top 3-ranked exceedance days
from within each of the three meteorological regimes were observed when the weather
conditions were covered by 25 % of cloud cover (scattered cloud) or more. This shows that high
ozone exceedances are likely to occur when there is partial cloud cover.
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Table 15. Classification of resultant wind velocities

Date

2000
4/13/2000
4/20/2000
4/23/2000
4/24/2000
4/25/2000
4/26/2000
4/29/2000

5/1/2000
5/2/2000
5/3/2000
5/11/2000
§/12/2000
§/13/2000
5/14/2000
5/19/2000
5/20/2000
5/21/2000
5/22/2000
5/23/2000
5/24/2000
5/27/2000
5/30/2000
6/5/2000
6/6/2000
6/29/2000
6/30/2000
7/23/2000
7/25/2000
7/29/2000
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7/31/2000
8/1/2000
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8/3/2000
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8/15/2000
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Date

8/18/2000
8/19/2000
8/22/2000
8/24/2000
2001
4/14/2001
5/7/2001
5/8/2001
5/10/2001
5/11/2001
6/5/2001
6/6/2001
6/15/2001
8/16/2001
8/21/2001
6/22/2001
7/2/2001
711212001
7/13/2001
8/2/2001
8/5/2001
8/6/2001
8/7/2001
8/9/2001
8/10/2001
8/11/2001
8/15/2001
8/16/2001
8/17/2001
8/18/2001
8/19/2001
8/23/2001
8/24/2001
8/25/2001
2002
5/3/2002
5/4/2002
5/5/2002
5/11/2002
5/13/2002
5/24/2002
6/3/2002
6/4/2002
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6/6/2002
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6/17/2002
6/18/2002
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Date

6/23/2002
6/28/2002
7/5/2002
7/9/2002
7/10/2002
7/11/2002
7/12/2002
7/13/2002
7/15/2002
7/17/2002
7/24/2002
8/8/2002
8/9/2002
8/10/2002
8/16/2002

2003
5/11/2003
5/16/2003
5/20/2003
5/21/2003
5/22/2003
5/27/2003
6/29/2003
7/14/2003
7/16/2003
7/21/2003
7/22/2003
7/23/2003
7/24/2003
7/25/2003
7/29/2003
7/30/2003
7/31/2003
8/12/2003
8/16/2003
8/17/2003
8/18/2003
8/20/2003
8/29/2003
9/27/2003

2004
5/15/2004
6/10/2004
6/11/2004
7/24/2004
7/25/2004
7/26/2004
7127/2004
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Date Calm N NE E SE S sSW w
8/1/2004 Y
8/3/2004 &
8/10/2004 &
9/9/2004 @
Frequency 112 0 0 17 6 0 1 5
Category PWD Other Other PWD Other Other Other Other
MNorth
25%
209
1596
10%%
5%
West .
PWD
Calm: 79.4%
H: 0%
HE: 0%
E:12.1%
SE: 4.3%
S: 0%
SW: 0.7%
W: 3.5%
HW: 0% south

NW

0
Other

8-hr Ozone Conc.
(ppb)
80

81
80
80

East

Wind Speed (m/s)
1.5

6.0~T7.5
4.5-6.0
3.0-45
1.5-3.0

0-1.5

Figure 11. Climatological wind rose for AZMET Phoenix Encanto site for 2000-2004
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Table 16. Categorization of primary wind direction

Primary Wind Direction

. “Percentile

 (Daily Max 8-hr.Ozone > 80 ppb)

.. Percentile - ,
(Daily Max 8-hr Ozone > 85 ppb)

North

0 0 |
Northeast 0 0 T
East 12.1 10.5
Southeast J 4.3 5.3
South 0 0
Southwest 0.7 0
West 35 5.3 B
Northwest 0 0
Calm J 79.4 78.9

Table 17. Analysis of Calm wind category

North 0.9 0
Northeast 0 0
East 45.5 40
Southeast 22.3 20 T
South 6.2 8.9 i
Southwest 6.2 8.9
West 18.8 222
Northwest 0 0
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Table 18. Ranking of each exceedance day within each PWD category

Regime 1
(Bin 0: Calm Wind)

Rank Date

1
2
3
4
5
6
7
8

9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Day

7/9/2002 Tuesday
7/22/2003 Tuesday
7/11/2002 Thursday
7/12/2002  Friday
8/10/2001  Friday
7/31/2000 Monday
7/10/2002 Wednesday
8/14/200C Monday
7/24/2002 Wednesday
8/16/2003 Saturday
6/5/2002 Wednesday
8/1/2000 Tuesday
8/5/2000 Saturday
6/3/2002 Monday
6/18/2002 Tuesday
5/20/2000 Saturday
8/16/2000 Wednesday
8/19/2001 Sunday
6/4/2002 Tuesday
6/7/2002  Friday
5/11/2003 Sunday
5/27/2003 Tuesday
8/9/2000 Wednesday
8/11/2001 Saturday
7/21/2003 Monday
8/17/2003 Sunday
5/21/2000 Sunday
8/15/2000 Tuesday
8/17/2001  Friday
5/22/2003 Thursday
7/23/2003 Wednesday
7/30/2003 Wednesday
7/27/2004 Tuesday
5/13/2000 Saturday
5/19/2000  Friday
8/4/2000  Friday
8/24/2000 Thursday
7/12/2001 Thursday
6/17/2002 Monday
7/13/2002 Saturday
7/16/2003 Wednesday
4/26/2000 Wednesday
5/2/2000 Tuesday
8/15/2001 Wednesday
7/15/2002 Monday
5/27/2000 Saturday
7/29/2000 Saturday
8/25/2001 Saturday
5/24/2002  Friday
8/10/2002 Saturday
8/18/2003 Monday
7/26/2004 Monday
5/14/2000 Sundav

8-hr Ozone
Conc.

(ppb)
107
103
102
102
99
95
94
92
92
92
91
30
90
80
80
89
89
89
89
89
89
89
88
88
88
88
87
87
87
87
87
87

R

83

Regime 2
(Bin 3: Easterly Wind)

Rank Date

1
2
3
4
5
6
7
8

9
10
1
12
13
14
15
16
17

Day

8/6/2001 Monday
6/6/2002 Thursday
7/30/2000 Sunday
6/5/2001 Tuesday
7/2/2001  Monday
8/16/2001 Thursday
8/5/2001 Sunday
5/3/2000 Wednesday
7/24/2004 Saturday
6/6/2000 Tuesday
7/23/2000 Sunday
8/18/2000  Friday
8/7/2001 Tuesday
8/12/2000 Saturday
8/24/2001  Friday
7/24/2003 Thursday
8/10/2004 Tuesday

8-hr Ozone
Conc.

(ppb)
93
92
91
87
86
85
83
82
82
81
81
81
81
80
80
80
80

Regime 3
(Bin 1,2,4,5,6,7,8: Others)
8-hr Ozone
Rank Date Day Conc.
(ppb)
1 8/10/2000 Thursday 93
2  8/2/2000 Wednesday 90
3  8/9/2001 Thursday 88
4 6/15/2001 Friday 86
§ 8/3/2000 Thursday 86
6 5/21/2003 Wednesday 85
7 6/30/2000 Friday 83
8 5/11/2000 Thursday 82
9 4/29/2000 Saturday 81
10 5/8/2001 Tuesday 80
11 9/9/2004 Thursday 80
12  8/7/2000 Monday 80
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Rank| Date | Day  [8-hr Ozone]

54 16/23/2000,
55 15/30/2000

| 87212001

8/29/2003

 Tuesday

Thursday

5/15/2004] Saturday | 83
64 4/25/20001 Tuesday | 82
7/17/2002\Wednesday]
72 17/14/2003] Monday
[ 773 17/29/2003| Tuesday
| 74 18/12/2003{ Tuesday
!'75 18/20/2003|Wednesday
{776 14/13/2000] Thursday
{ 77 14/20/2000] Thursday
|78 14/23/2000/ Sunday
779" 14/24/2000] Monday
| 80 [5/1/2000 { Monday |
181 15/24/2000Wednesday.
"82 '[6/5/2000 | Monday |
83 [7/25/2000] Tuesday
84 {8/6/2000| Sunday
85 [5/7/2001] Monday
86 {6/16/2001] Saturday
87 16/22/2001| Friday
88 [8/9/2002] Friday | 81
89 [8/16/2002] Friday 81
90 5/16/2003] Friday 81
91 [7/31/2003] Thursday 81 |
92 6/11/2004] Friday 81
93 18/3/2004 | Tuesday 81
94 15/12/2000] Friday 80
95 18/13/2000] Sunday 80
96 B/19/2000] Saturday 80
97 18/22/2000; Tuesday 80
98 4/14/2001| Saturday 80
99 5/10/2001] Thursday 80
[100 j5/11/2001] Friday 80
101 16/21/2001] Thursday 80
{102 [7/13/2001] Friday 80
103 8/23/2001] Thursday 80
104 |5/3/2002] Friday 80
1105 [5/5/2002] Sunday 80
106 |7/5/2002 | Friday 80
107 §6/29/2003{ Sunday 80
108 [7/25/2003] Friday 80
{109 19/27/2003] Saturday 80
110 /10/2004 Thursday 80
111 [7/25/2004| Sunday 80 |
112 [8/1/2004 | Sunday 80
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2.4 Recommendations

As seen in Table 8, there were 141 days between 2000 and 2004 that had at least one monitor
along the MNA with an 8-hour ozone concentration equal to or greater than 80 ppb. The highest
concentration for a given day is identified in Table 8 in bold text. Ozone concentrations that are
less than the maximum daily ozone concentration but greater than 80 ppb are identified by
shaded boxes. During the period of 2000-2004, there were six episodes of two days or greater
that can be used for episode selection identified in Table 8. These six episodes are in accordance
with the high ozone episode candidates from the identification of meteorological regimes. These
six episodes include all days recording the highest ozone levels of each monitoring site over the
2000-2004 period. The six episodes are as follows:

o July 8-14, 2002
e August 5-11, 2001
e August 9-15, 2000
e July 30-August 5, 2000
e June 3-7, 2002
o July 21-23, 2003
3. Summary of the Six Highest Ranked 8-Hour Ozone Episodes

In order to select one episode day from each meteorological regime, the candidates for 8-hour
high ozone episode days within each regime were ranked according to the magnitude of the peak
ozone concentrations as shown in Table 18. Detailed analyses for the top six episodes are
discussed in this section. Regarding the availability and quality of meteorological and air quality
databases, the top-ranked episode days within each meteorological regime only have routine air
quality and meteorological databases available for use in the modeling. There was no intensive
field study conducted during the candidate days. Therefore, the availability and quality of
meteorological and air quality databases do not favor any day among all the candidate days.

3.1 July 8-14, 2002

During the episode, the highest ozone concentration occurred in the MNA on July 9 where the
Maryvale site recorded a value of 107 ppb. This is the highest ozone concentration recorded over
the entire network during the 2000-2004 period and characterizes this episode. On July 9, eleven
other monitors recorded 8-hour ozone concentrations over 80 ppb including Cave Creek (86
ppb), Central Phoenix (84 ppb), Glendale (94 ppb), North Phoenix (93 ppb), Palo Verde (80
ppb), Pinnacle Peak (83 ppb), South Phoenix (80 ppb), South Scottsdale (80 ppb), Super Site (93
ppb), Surprise (80 ppb), and West Phoenix (100 ppb). On July 9, six monitors, Central Phoenix
(84 ppb), Palo Verde (80 ppb), Pinnacle Peak (83 ppb), South Phoenix (80 ppb), South
Scottsdale (80 ppb), and Surprise (80 ppb), had 8-hour ozone concentrations equal to or greater
than 80 ppb but less than 85 ppb.
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There were five days in a row where at least one monitor recorded a value equal to or greater
than 80 ppb. During this episode among all six candidates, the greatest number of sites (8 sites)
recorded their highest 8-hour ozone concentration over the 2000-2004 period. On July 9, four
monitoring sites recorded their highest ozone levels over the five-year period including Glendale
(94 ppb), Maryvale (107 ppb), North Phoenix (93 ppb), and Super Site (93 ppb). On July 10, the
West Chandler site recorded its highest ozone concentration of 94 ppb. On July 11, South
Phoenix and West Phoenix recorded 8-hour ozone concentrations of 90 ppb and 102 ppb,
respectively, which were their highest value over the five-year period. On July 12, the value of
102 ppb, which is the third highest ozone level among all sites and the highest ozone level for the
site itself, was recorded at the Humboldt Mountain site.

On July 9, the daily maximum temperature reached 109 °F when the highest 8-hour ozone
concentration occurred. During the whole episode, high daily maximum temperatures, greater
than 105 °F, were recorded consecutively.

Backward trajectories were computed for the period. These composite backward trajectory
analyses revealed that at lower levels up to 100 m, the origin of the air mass was from the
northeast during the early day of the episode (July 9) and then shifted to clockwise during the
following days of the episode (the southeast on July 10, the southwest on July 11, the west on
July 12, and the southwest on July 13). The fact that most of the air mass originated within 100
miles, except on July 11, indicated that this episode was caused by local sources. Upper layers of
flow were from the northwest, west, and southwest and mostly originated from the surface layer.
The mid-level air mass was mixed up from ground level by the time it reached central Phoenix.

3.2 August 5-11, 2001

During this episode, there were six days in a row where at least one monitor exceeded 80 ppb.
On the last day of the episode (August 11) the Tempe site had its highest 8-hour ozone
concentration of 88 ppb over the five-year period. The North Phoenix site recorded the value of
93 ppb, which was the highest ozone level over the 2000-2004 period, on August 6. On August
10, Cave Creek and Pinnacle Peak observed their highest ozone exceedances, 99 ppb and 95 ppb,
respectively. On August 6 and 10, eight monitors had recorded 8-hour ozone concentrations over
80 ppb and five of these sites including Cave Creek, Humboldt Mountain, North Phoenix,
Pinnacle Peak, and Super Site observed ozone exceedances on both days. On August 10, the
Cave Creek site recorded the annual maximum 8-hour ozone level of 99 ppb among all sites in
2001.

During the first three days, when ozone readings above 80 ppb were monitored, the daily
maximum temperature reached 103 °F, 108 °F, and 104 °F, respectively. Despite cooler
temperatures on August 9 and 10, ozone readings above 80 ppb, including the yearly maximum
8-hour ozone concentration in 2001 (99 ppb) on August 10, were monitored on these days. The
daily maximum temperatures recorded on August 9 and 10 were 93 °F and 97 °F, respectively.
Ozone readings were below 80 ppb on August 8 when the daily maximum temperature was 94
°F.

This episode was strongly influenced by air flow from western, southwestern, and southern
Maricopa County, as well as northern Mexico, Yuma County, and Pima County. Only the flow

38



on August 9 was from the east. At ground level, the origin of the air mass was from long distance
(further than 100 miles) during the early days of the episode and from short distance (within 100
miles) during the late part of the episode. There was no significant vertical movement of air mass
among the various layers (surface, 100 m, and 800 m).

3.3 August 9-15, 2000

In this episode, there were six days in a row where at least one monitor exceeded 80 ppb. Only
on August 11, was an 8-hour ozone reading lower than 80 ppb. On the second day of the episode
(August 10) the Super Site recorded its highest ozone level of 93 ppb over the 2000-2004 period.
The Mesa site observed the 8-hour ozone concentration of 89 ppb, which was its highest ozone
value, on August 14. On August 10, ten monitors observed 8-hour ozone values over 80 ppb
including Central Phoenix (88 ppb), Glendale (88 ppb), Lake Pleasant (89 ppb), Maryvale (91
ppb), North Phoenix (91 ppb), South Phoenix (81 ppb), South Scottsdale (87 ppb), Super Site (93
ppb), Tempe (84 ppb), and West Phoenix (87 ppb).

Daily maximum temperatures equal to or greater than 100 °F were recorded consecutively during
the entire episode.

The flow from the various layers (surface, 100 m, and 800 m) came from various directions
(east, southwest, and west) and various distances (local and transport). During the last four days
of the episode, the flow at the ground level was mixed down from the mid-level air parcels
around 50 m and the flow at the 100 m was mixed down from the upper layers. A similar pattern
was observed at the 800 m on the last two days of the episode. However, from August 10
through 13, the flow at 800 m was mixed up from the ground level. On August 13 there was
some indication that flow at the mid-level circulated vertically and horizontally.

3.4 July 30-August 5, 2000

This episode had the longest period of exceedance days when compared to the other episodes.
There were seven days in a row where at least one monitor exceeded 80 ppb. On the first day of
the episode (July 30) the Mount Ord site had its highest ozone level of 91 ppb over the five-year
period. On the next day (July 31) two monitoring sites had recorded their highest ozone
concentrations over the 2000-2004 period including Lake Pleasant (90 ppb) and Palo Verde (95
ppb). On July 31, the Palo Verde site recorded the annual maximum 8-hour ozone level of 95
ppb among all sites in 2000. Eight sites including Central Phoenix (81 ppb), Fountain Hills (81
ppb), Glendale (81 ppb), Humboldt Mountain (85 ppb), Lake Pleasant (82 ppb), Mount Ord (91
ppb), North Phoenix (84 ppb), and Rio Verde (80 ppb) recorded 8-hour ozone exceedances on
July 30.

A stretch of 30 consecutive days of 100 °F or higher occurred from July 9 through August 7. The
daily maximum temperature exceeded 105 °F during the whole episode except on July 31 (104
°F).

This episode was strongly influenced by flow from southwestern Maricopa County, as well as
northern Mexico, southern California, Yuma County, and Pima County. On July 30, subsidence
over Pinal County mixed surface and upper level layers down to the surface. At the same time
similar subsidence occurred mixing mid-level and upper level layers down to the mid-level layer.
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For the rest of the episode days, except on August 3, mid-level air mass was mixed down to
ground level by the time it reached the MNA. The 800 m air parcels did not mix down to ground
level but elevated from the ground level on August 2 and the mid-level on August 3. The origin
of the air mass was from short distance (shorter than 100 miles) on July 31 and August 1, while
for the rest of episode days, it came from long distance.

3.5 June 3-7, 2002

During this episode, all of the five days recorded at least one monitor exceeding 80 ppb. On June
6, the Surprise site monitored its highest ozone level of 83 ppb over the five-year period. On
June 6, the episode maximum ozone concentration was monitored at the Fountain Hills site (92
ppb). On the last day (June 7), twelve monitors detected 8-hour ozone exceedances including
Blue Point (88 ppb), Cave Creek (89 ppb), Falcon Field (86 ppb), Fountain Hills (86 ppb),
Humboldt Mountain (89 ppb), Maryvale (80 ppb), North Phoenix (85 ppb), Pinnacle Peak (83
ppb), Rio Verde (88 ppb), South Phoenix (81 ppb), Tempe (83 ppb), and West Chandler (80

ppb).

The daily maximum temperature exceeded 100 °F on June 5 (103 °F), June 6 (107 °F), and June
7 (106 °F).

For the whole episode, the origin of the air mass at lower levels up to 100 m was transported
from the southwest from a long distance (further than 100 miles). The flow from the various
layers (surface, 100 m, and 800 m) were generally from the southwest. The flow at 800 m was
elevated from the lower and mid-level layers. However, for June 3 through 7 except two days
(June 5 and 7), the air mass on the ground level was mixed down from the mid- and upper layers.

3.6 July 21-23, 2003

The second highest 8-hour ozone concentration of 103 ppb over the 2000-2004 period was
recorded at the Blue Point site on July 22. On the same day, fourteen monitoring sites exceeded
80 ppb of 8-hour ozone level including Blue Point (103 ppb), Cave Creek (81 ppb), Central
Phoenix (83 ppb), Falcon Field (99 ppb), Fountain Hills (99 ppb), Humboldt Mountain (80 ppb),
Maryvale (83 ppb), North Phoenix (93 ppb), Pinnacle Peak (93 ppb), Rio Verde (96 ppb), South
Scottsdale (97 ppb), Super Site (82 ppb), Tempe (86 ppb), and West Phoenix (81 ppb).

There were three days in a row where at least one monitor exceeded 80 ppb. On July 22, six
monitoring sites observed their highest ozone levels over the five year period including Blue
Point (103 ppb), Falcon Field (99 ppb), Fountain Hills (99 ppb), North Phoenix (93 ppb), Rio
Verde (96 ppb), and South Scottsdale (97 ppb).

Daily maximum temperatures exceeding 100 °F were recorded for 33 consecutive days from
June 25 through July 27. All of the three days in this episode had daily maximum temperatures
exceeding 105 °F. On July 22, when the annual highest ozone reading of 103 ppb in 2003
occurred, the maximum temperature reached 107 °F.

This episode had the similar trajectory pattern to the previous episode in which the air mass at
various layers (surface, 100 m, and 800 m) was transported from the southwest for a long
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distance (further than 100 miles). The mid-level air mass was mixed down to ground level for the
first two days of this episode, but flow at 800 m did not mix down to the ground.

4. Strengths and Limitations of Recommended 8-Hour Ozone Modeling Episodes

Based on EPA’s episode selection criteria, the main advantages and disadvantages for the six
highest priority episodes were identified.

4.1 July 8-14, 2002

Advantages:

Contains the highest ozone concentration (107 ppb at the Maryvale site) over the five-
year period among all of the monitoring sites as demonstrated in Table 8.

Contains the third highest ozone concentration (102 ppb at the West Phoenix site and the
Humboldt Mountain site) over the five-year period among all of the monitoring sites.

As shown in Table 19, eight monitors recorded their fourth highest values for 2002
during this period including Blue Point (86 ppb on July 13), Cave Creek (86 ppb on July
9), Glendale (83 ppb on July 10), Maryvale (84 ppb on July 12), Pinnacle Peak (84 ppb
on July 11), South Scottsdale (79 ppb on July 11), Super Site (79 ppb on July 10), and
West Phoenix (84 ppb on July 12).

Table 20 shows that the average 8-hour ozone concentration over the episode at the West
Phoenix site (78 ppb) is very close to the average of the fourth highest concentrations for
2000-2002 (80 ppb). This is also the similar case for Falcon Field, Mesa, Super Site, and
West Chandler, although the episode average for Central Phoenix and Maryvale are
slightly higher than the average of the fourth highest concentrations for 2000-2002.

The widespread network exceedances on three days in this episode provide a basis for the
8-hour ozone attainment test at all of the monitoring sites. This starts from July 9, when
12 out of the 24 monitors exceeded 80 ppb. On July 11, 14 monitors exceeded 80 ppb.
Finally, the widest spread of network exceedances for 2000-2004 occurred on July 12,
when 17 monitors were equal to or greater than 80 ppb.

The Pinnacle Peak site had the fourth highest concentration for 2002, 84 ppb on July 11,
which contributes significantly to the average of the fourth highest concentrations for the
2000-2002 period.

Good case study to evaluate the local production of ozone.

Disadvantages:

Five monitoring sites including Dysart, Emergency Management, Lake Pleasant, Mount
Ord, and West Chandler (old) did not operate during this episode.
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4.2 August 5-11, 2001

Advantages:

The highest 8-hour ozone concentration recorded during the 1999-2001 period occurred
at the Cave Creek site on August 10 with a concentration of 99 ppb.

Six days out of the seven episode days had high 8-hour ozone concentrations equal to or
greater than 80 ppb.

On August 6 and 10, 8 out of 24 monitors exceeded 80 ppb. On August 11, 7 monitors
were equal to or greater than 80 ppb.

During this episode, four monitoring sites including Fountain Hills, Pinnacle Peak, Rio
Verde, and South Scottsdale had the fourth highest concentration for 2001, 83 ppb on
August 10, 85 ppb on August 6, 83 ppb on August 9, and 79 ppb on August 6,
respectively, which contributes significantly to the average of the fourth highest
concentrations for the 1999-2001, 2000-2002, and 2001-2003 periods.

Good case study to evaluate the local production of ozone and transport of ozone from
northern Mexico (August 5 and 6).

Disadvantages:

The Cave Creek site does not have an average value of the fourth highest concentrations
for 1999-2001 since there is no monitoring data recorded before 2001.

Table 21 shows that the averages over the episode at the South Phoenix site (71 ppb) and
the South Scottsdale site (74 ppb) are close to the averages of the fourth highest
concentrations for 1999-2001 (74 ppb and 77 ppb, respectively). However, at other sites
the episode average is far below the average of the fourth highest concentrations.

Four monitoring sites including Dysart, Emergency Management, Lake Pleasant, and
West Chandler (old) did not operate during this episode.

4.3 August 9-15, 2000

Advantages:

Six days out of the seven episode days had high 8-hour ozone concentrations equal to or
greater than 80 ppb.

Concentrations at the Blue Point site were 90 ppb and 87 ppb for the last two days of the
episode (June 14 and 15, respectively) which contributes significantly to the average of
the fourth highest concentrations for 1998-2000, 1999-2001, and 2000-2002.

Good case study to evaluate the local production of ozone and transport of ozone from
northern Mexico (August 15) and southeastern Arizona (August 12).
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Disadvantages:

Table 22 shows that the average over the episode at the South Scottsdale site (72 ppb) is
close to the average of the fourth highest concentrations for 1998-2000 (76 ppb).
However, at other sites the episode average 1s far below the average of the fourth highest
concentrations.

Three monitoring sites including Cave Creek, Dysart, and Surprise did not operate during
this episode.

During this episode, the 4™ highest ozone concentrations occurred at the least amount of
sites, 3 sites including Blue Point (87 ppb on August 15), Rio Verde (86 ppb on August
9), and West Chandler (77 ppb on August 10), compared with other candidate episodes.

4.4 July 30-August 5, 2000

Advantages:

All seven days consecutively recorded high 8-hour ozone concentrations equal to or
greater than 80 ppb, which was the longest period of exceedance days among all
candidate episodes.

During this episode, four monitors, Fountain Hills, Mount Ord, Pinnacle Peak, and
Tempe, had the fourth highest concentration for 2000, 85 ppb on August 1, 90 ppb on
August 5, 86 ppb on July 31, and 78 ppb on July 30, respectively, which contributes
significantly to the average of the fourth highest concentrations for the 1998-2000, 1999-
2001, and 2000-2002 periods.

Good case study to evaluate the local production of ozone (July 31 and August 1) and
transport of ozone from northern Mexico.

Disadvantages:

Table 23 shows that the average over the episode at the Mount Ord site (87 ppb) is close
to the average of the fourth highest concentrations for 1998-2000 (88 ppb). However, the
episode averages at other sites are far below the average of the fourth highest
concentrations.

Five monitoring sites including Cave Creek, Dysart, Emergency Management, Surprise,
and West Chandler (old) did not operate during this episode.

4.5 June 3-7, 2002

Advantages:

During this episode, the 4" highest ozone concentrations occurred at the largest amount
of sites, 9 sites, among all six candidate episodes.
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Four sites including Central Phoenix, Rio Verde, South Phoenix-2, and Tempe have the
4™ highest ozone concentration on June 5. It is the greatest number of sites having their
4 highest ozone level occurring on one day over the five-year period.

Contains the 4™ highest 8-hour ozone concentration of 90 ppb for Humboldt Mountain on
June 3 which contributes significantly to the averages of the fourth highest concentrations
for 2000-2002, 2001-2003, and 2002-2004 and endangers attainment for the 8-hour
ozone nonattainment area.

Table 24 shows that the average 8-hour ozone concentration over the episode at the
Falcon Field site (79 ppb) is very close to the average of the fourth highest concentrations
for 2000-2002 (80 ppb). This is also the similar case for Blue Point, Central Phoenix,
Maryvale, Palo Verde, Pinnacle Peak, Rio Verde, South Phoenix, Tempe, and West
Chandler, although the episode averages for Fountain Hills and Humboldt Mountain are
slightly higher than the averages of the fourth highest concentrations for 2000-2002.

During this episode, nine monitors had the fourth highest concentration for 2002
including Central Phoenix (76 ppb on June 5), Falcon Field (84 ppb on June 6), Fountain
Hills (86 ppb on June 4), Humboldt Mountain (90 ppb on June 3), Mesa (72 ppb on June
6), North Phoenix (85 ppb on June 6), Rio Verde (85 ppb on June 5), South Phoenix (81
ppb on June 5), and Tempe (80 ppb on June 5). These values contribute significantly to
the averages of the fourth highest concentrations for the 2000-2002, 2001-2003, and
2002-2004 periods.

Good case study to evaluate the transport of ozone from northern Mexico.

Disadvantages:

Five monitoring sites including Dysart, Emergency Management, Lake Pleasant, Mount
Ord, and West Chandler (old) did not operate during this episode.

4.6 July 21-23, 2003

Advantages:

Table 25 shows that the average 8-hour ozone concentration over the episode at the
Pinnacle Peak site (84 ppb) is in accordance with the average of the fourth highest
concentrations for 2001-2003 (84 ppb). Similar cases occur at South Phoenix, Super Site,
and Tempe, although the episode averages for Blue Point, Central Phoenix, Falcon Field,
Fountain Hills, Rio Verde, and South Scoottsdale are slightly higher than the averages of
the fourth highest concentrations for 2001-2003.

During this episode, five monitors, Fountain Hills, Maryvale, Rio Verde, South
Scottsdale, and West Chandler, had the fourth highest concentration for 2003, 83 ppb on
July 23, 83 ppb on July 22, 83 ppb on July 23, 79 ppb on July 23, and 78 ppb on July 22,
respectively, which contributes significantly to the average of the fourth highest
concentrations for the 2001-2003 and 2002-2004 periods.
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¢ (ood case study to evaluate the transport of ozone from northern Mexico.

Disadvantages:

e Three-day episode is a short duration.

e Six monitoring sites including Dysart, Emergency Management, Lake Pleasant, Mesa,
Mount Ord, and West Chandler (old) did not operate during this episode.
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Table 19. Number of sites having the 4™ highest 8-hour ozone concentration by date

Year Date Number of Sites Sites Episode
4/23/2000 1 ME
4/29/2000 1 WC (old)
5/2/2000 1 HM
5/13/2000 2 CP, SUPR
5/19/2000 1 WP
5/20/2000 2 GL, MV
5/21/2000 1 SP
6/5/2000 i PALV
6/29/2000 1 P
2000 [ 7/30/2000 1 TEMP
75’11/22000? ] EE July 30-August 5, 2000
8/5/2000 1 MORD
8/9/2000 1 RV
8/10/2000 1 WC August 9-15, 2000
8/15/2000 1 BP
8/16/2000 1 FF
8/19/2000 2 EM. 5SS
8/24/2000 1 NP
5/8/2001 3 MV, PALV, SU
5/12/2001 1 EM
6/5/2001 1 P
6/16/2001 2 CP.WC
712/2001 1 NP
7/12/2001 2 SUPR, WP
7/13/2001 1 MORD
8/1/2001 1 sP
2001 —g 55001 1 GL
8/6/2001 3 S
8/9/2001 1 RV August 5-11, 2001
8/10/2001 1 FH
8/16/2001 2 HM, ME
8/17/2001 2 CC.FF
8/18/2001 1 BP
8/19/2001 1 TEMP
5/13/2002 1 SU
6/3/2002 1 M
6/4/2002 1 FH
6/5/2002 4 CP. RV, SP. TEMP sufle aieaoud
6/6/2002 3 FF. ME. NP
6/18/2002 1 PALV
2002 —755002 1 cC
7110/2002 2 GL, SUPR
7/11/2002 2 PP, SS July 8-14, 2002
7/12/2002 2 MY, WP
711312002 ; BP
8/8/2002 1 WC
5/10/2003 1 SU
5/21/2003 3 GL, SUPR, WP
5/27/2003 2 BP. SP
6/28/2003 1 PALV
2003 |_7/16/2003 1 NP
7/22/2003 2 MV, WG P
712312003 3 FH, RV, SS y 21-25,
7/30/2003 3 CC. HM, PP
8/12/2003 2 FF, TEVP
8/17/2003 1 CcP
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Year Date Number of Sites Sites Episode
4/24/2004 1 TEMP
4/25/2004 2 SP, WC
4/28/2004 1 PALV
5/12/2004 1 HM
5/15/2004 2 BP, FF
6/11/2004 1 cC

2004 6/12/2004 1 RV
7/24/2004 2 CP, SS
7/26/2004 1 PP
7/27/2004 2 GL, WP

8/1/2004 1 NP
8/3/2004 1 FH
8/10/2004 1 SUPR

Table 20. Episode (July 8-14, 2002) average maximum 8-hour ozone concentrations versus
average of fourth highest concentration from 2000-2002.

Monitor nglse;(::a;\i::r?g:b) Hi:t‘::;:%eozif:::tl::t?on Deviation
from 2000-2002 (ppb)

Blue Point (BP) 77 84 -7
Cave Creek (CC) N/A N/A N/A
Central Phoenix (CP) 75.83 75 +
Emergency Management (EM) N/A N/A N/A
Falcon Field (FF) 77.43 80 -2.57
Fountain Hills (FH) 76 84 -8
Glendale (GL) 72.43 80 -7.57
Humboldt Mountain (HM) 79.14 85 -5.86
Lake Pleasant (LP) N/A N/A N/A
Maryvale (MV) 80.14 79 4
Mesa (ME) 70.4 73 2.6
Mount Ord (MORD) N/A N/A N/A
North Phoenix (NP) 77.14 85 -7.86
Palo Verde (PALV) 67.29 77 -9.71
Pinnacle Peak (PP) 76.14 85 -8.86
Rio Verde (RV) 71 84 -13
South Phoenix (SP) 75.29 80 -4.71
South Scottsdale (SS) 75 79 -4
Super Site (SUPR) 73.86 77 -3.14
Surprise (SU) 65.33 N/A N/A
Tempe (TEMP) 75.14 79 -3.86
West Chandler (WC (old)) N/A N/A N/A
West Chandler (WC) 76.43 79 -2.57
West Phoenix (WP) 78.14 80 -1.86
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Table 21. Episode (August 5-11, 2001) average maximum 8-hour ozone concentrations versus
average of fourth highest concentration from 1999-2001.

Monitor cSioavenon 1:%;??3%}2:&5'3‘?5&‘3{‘ Devistion

Blue Point (BP) 70.57 84 -13.43
Cave Creek (CC) 80.5 N/A N/A
Central Phoenix (CP) 65.14 76 -10.86
Emergency Management (EM) N/A 71 N/A
Falcon Field (FF) 73.29 79 -5.71
Fountain Hills (FH) 75.14 84 -8.86
Glendale (GL) 67.71 79 -11.29
Humboldt Mountain (HM) 76.14 84 -7.86
Lake Pleasant (LP) N/A 78 N/A
Maryvale (MV) 66 77 -11
Mesa (ME) 67.71 77 -9.29
Mount Ord (MORD) 725 84 -11.5
North Phoenix (NP) 76.43 85 -8.57
Palo Verde (PALV) 65.29 78 -12.71
Pinnacle Peak (PP) 79.14 85 -5.86
Rio Verde (RV) 72.57 85 -12.43
South Phoenix (SP) 70.86 74 -3.14
South Scottsdale (SS) 73.71 77 -3.29
Super Site (SUPR) 72 67

Surprise (SU) N/A N/A N/A
Tempe (TEMP) 7343 N/A N/A
West Chandler (WC (old)) N/A N/A N/A
West Chandler (WC) 70.14 N/A N/A
West Phoenix (WP) 67 82 -15
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Table 22. Episode (August 9-15, 2000) average maximum 8-hour ozone concentrations versus
average of fourth highest concentration from 1998-2000.

Monitor CET‘::‘:::&Q;:?F?:N ?:QEEEE:}E%EEE;?;; Deviation
Blue Point (BP) 78.71 87 o -8.29
Cave Creek (CC) N/A N/A N/A
Central Phoenix (CP) 70.57 77 -6.43
Emergency Management (EM) 64.29 77 -12.71
Falcon Field (FF) 69.86 80 -10.14
Fountain Hills (FH) 75.29 85 -9.71
Glendale (GL) 66.71 77 -10.29
Humboldt Mountain (HM) 71.29 86 -14.71
Lake Pleasant (LP) 73.57 81 -7.43
Maryvale (MV) 73 82 -9
Mesa (ME) 68.8 79 -10.2
Mount Ord (MORD) 74.33 88 -13.67
North Phoenix (NP) 75.14 86 -10.86
Palo Verde (PALV) 63.14 80 -16.86
Pinnacle Peak (PP) 77.67 85 -7.33
Rio Verde (RV) g 83 -6
South Phoenix (SP) 72.71 N/A N/A
South Scottsdale (SS) 7243 76 -3.57
Super Site (SUPR) 72.14 67
Surprise (SU) N/A N/A N/A
Tempe (TEMP) 72.71 N/A N/A
West Chandler (WC (old)) N/A 72 N/A
West Chandler (WC) 72.86 N/A N/A
West Phoenix (WP) 70.29 86 -15.71
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Table 23. Episode (July 30-August 5, 2000) average maximum 8-hour ozone concentrations
versus average of fourth highest concentration from 1998-2000.

Average of Fourth

Monitor cng;‘::ﬁﬁ::r(a::h) r::g::z:; g;;:::t{::g;’l Deviation
Blue Point (BP) 82.43 87 -4.57
Cave Creek (CC) N/A N/A N/A
Central Phoenix (CP) 67.57 77 -9.43
Emergency Management (EM) N/A 77 N/A
Falcon Field (FF) 69.14 80 -10.86
Fountain Hills (FH) 79.86 85 -5.14
Glendale (GL) 62 77 -15
Humboldt Mountain (HM) 76.33 86 -9.67
Lake Pleasant (LP) 72.71 81 -8.29
Maryvale (MV) 66.43 82 -15.57
Mesa (ME) 58.83 79 -20.17
Mount Ord (MORD) 87.29 88 -0.71
North Phoenix (NP) 71.86 86 -14.14
Palo Verde (PALV) 66.43 80 -13.57
Pinnacle Peak (PP) 77.57 85 -7.43
Rio Verde (RV) 81.43 83 -1.57
South Phoenix (SP) 70 N/A N/A
South Scottsdale (SS) 69.8 76 -6.2
Super Site (SUPR) 63.5 67 -3.5
Surprise (SU) N/A N/A N/A
Tempe (TEMP) 68.71 N/A N/A
West Chandler (WC (old)) N/A 72 N/A
West Chandler (WC) 62.8 N/A N/A
West Phoenix (WP) 64.57 86 -21.43
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Table 24. Episode (June 3-7, 2002) average maximum 8-hour ozone concentrations versus
average of fourth highest concentration from 2000-2002.

Average of Fourth
Monitor Episods Average Highest Concentration Deviation
Concentration (ppb) from 2000-2002 (pph)

Blue Point (BP) 816 84 -2.4
Cave Creek (CC) 844 N/A N/A
Central Phoenix (CP) 72.6 75 -2.4
Emergency Management (EM) N/A N/A N/A
Falcon Field (FF) 794 80 -0.6
Fountain Hills (FH) 84.6 84

Glendale (GL) 71.6 80 -8.4
Humboldt Mountain (HM) 89.8 85 +4.8
Lake Pleasant (LP) N/A N/A N/A
Maryvale (MV) 774 79 -1.6
Mesa (ME) 654 73 -7.6
Mount Ord (MORD) N/A N/A N/A
North Phoenix (NP) 79.6 85 -5.4
Palo Verde (PALV) 74.4 77 -2.6
Pinnacle Peak (PP) 81.2 85 -3.8
Rio Verde (RV) 82.8 84 -1.2
South Phoenix (SP) 76.4 80 -3.6
South Scottsdale (SS) 732 79 -5.8
Super Site (SUPR) 71 77 -6
Surprise (SU) 73 N/A N/A
Tempe (TEMP) 77.2 79 -1.8
West Chandler (WC (old)) N/A N/A N/A
West Chandler (WC) 76.6 79 -2.4
West Phoenix (WP) 71 80 -9
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Table 25. Episode (July 21-23, 2003) average maximum 8-hour ozone concentrations versus
average of fourth highest concentration from 2001-2003.

Episode Average

Average of Fourth

Monitor Concentration (ppb) I::gl:;; gz;gg;t(r;g:)n Deviation
Blue Point (BP) 92.67 84
Cave Creek (CC) 76.67 84 -7.33
Central Phoenix (CP) 76.67 76
Emergency Management (EM) N/A N/A N/A
Falcon Field (FF) 85.67 81
Fountain Hills (FH) 88.33 84
Glendale (GL) 63.33 82 -18.67
Humboldt Mountain (HM) 77 87 -10
Lake Pleasant (LP) N/A N/A N/A
Maryvale (MV) 76 80 -4
Mesa (ME) N/A N/A N/A
Mount Ord (MORD) N/A N/A N/A
North Phoenix (NP) 82 85 -3
Palo Verde (PALV) 63 75 -12
Pinnacle Peak (PP) 84 84 0
Rio Verde (RV) 88 83
South Phoenix (SP) 73.67 77 -3.33
South Scottsdale (SS) 88 79 +
Super Site (SUPR) 74 76 -2
Surprise (SU) N/A 72 N/A
Tempe (TEMP) 79.33 79 +
West Chandler (WC (old)) N/A N/A N/A
West Chandler (WC) 74.33 79 -4.67
West Phoenix (WP) 73 78 -5
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5. Summary of the Conceptual Model of 8-Hour Ozone Episodes for the Maricopa
Nonattainment Area

Major features of the conceptual model are as follows. High ozone concentrations generally
occur in the MNA when the weather is hot, covered by clouds, and with stagnant to light winds
blowing from east and southeast. Most high ozone days occur when a low sea level pressure
system resides over southwestern Arizona and a high sea level pressure system occurs over
northeastern Arizona. Also more than 90 % of high-ozone events occur when the daily maximum
temperatures are above 90 °F. Ozone episode days occur when the daily maximum temperatures
above 100 °F persist for several days in a row. Dew points on high ozone days range from 17 °F
to 73 °F. However, high ozone levels occur when dew point temperatures are higher than the
average. Relatively high dew point temperatures are probably necessary for efficient
photochemistry production. The highest ozone levels usually occur from May through
September. A detailed conceptual description for each episode is provided in Appendix G.

6. Recommended 8-Hour Ozone Modeling Episodes

The six episodes were reviewed in detail to select three modeling episodes representing each
meteorological regime, which are Regime 1 (calm wind), Regime 2 (easterly wind), and Regime
3 (others). These episodes were evaluated according to the five selection criteria such as
‘Maximum number of sites exceeding 85 ppb in one day’, ‘Number of sites exceeding 85 ppb for
whole episode days’, ‘Number of sites having the 4™ highest 8-hour ozone’, ‘How close to the 4™
highest 8-hour ozone (average deviation)’, and ‘Episode maximum 8-hour ozone concentration’.
A simple scoring system was utilized for the evaluation; the scores range from 0 to 5, with 0, the
lowest score, and 5, the highest. Except ‘How close to the 4 highest 8-hour ozone (average
deviation)’, which assigns the higher score to the episode having the lower absolute values, all
criteria assign the higher score to the episode having the higher values. Table 26 summarizes the
ozone episode selection scheme.

The three modeling episodes selected are July 8-14, 2002 (Regime 1) having the highest score
(22), June 3-7, 2002 (Regime 2) having the third highest score (13), and August 5-11, 2001
(Regimes 2 and 3) having the fourth highest score (11). The July 21-23, 2003 episode showing
the second highest score (18) was not selected because the July 8-14, 2002 episode having the
highest score already represented Regime 1.

Meteorological inputs from the MMS model will be produced on the 36/12/4 km grid for the
following periods:

e 1200 UTC (0500 MST) on August 3 through 1200 UTC (0500 MST) on August 13,
2001;

e 1200 UTC (0500 MST) on June 1 through 1200 UTC (0500 MST) on June 9, 2002; and
e 1200 UTC (0500 MST) on July 6 through 1200 UTC (0500 MST) on July 16, 2002.
The CAMx model will be run at 12 km resolution with 4 km nest grid for the following periods:

e 0000 MST on August 5 through 2400 MST on August 11, 2001 (i.e., August 5-11, 2001);
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0000 MST on June 3 through 2400 MST on June 7, 2002 (i.e., June 3-7, 2002); and

0000 MST on July 8 through 2400 MST on July 14, 2002 (i.e., July 8-14, 2002).
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ATTACHMENT I

Review of Eight-Hour Ozone Episodes



APPENDIX A

40 CFR-Appendix I to Part 50
“Interpretation of the 8-Hour Primary and Secondary
National Ambient Air Quality Standards for Ozone”
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1. General.

This appendix explains the data handling conventions and computations necessary for
determining whether the national 8-hour primary and secondary ambient air quality
standards for ozone specified in §50.10 are met at an ambient ozone air quality
monitoring site. Ozone is measured in the ambient air by a reference method based on
appendix D of this part. Data reporting, data handling, and computation procedures to be
used in making comparisons between reported ozone concentrations and the level of the
ozone standard are specified in the following sections. Whether to exclude, retain, or
make adjustments to the data affected by stratospheric ozone intrusion or other natural
events 1s subject to the approval of the appropriate Regional Administrator.

2. Primary and Secondary Ambient Air Quality Standards for Ozone.
2.1 Data Reporting and Handling Conventions.

2.1.1 Computing 8-hour averages. Hourly average concentrations shall be reported in
parts per million (ppm) to the third decimal place, with additional digits to the right being
truncated. Running 8-hour averages shall be computed from the hourly ozone
concentration data for each hour of the year and the result shall be stored in the first, or
start, hour of the 8-hour period. An 8-hour average shall be considered valid if at least
75% of the hourly averages for the 8-hour period are available. In the event that only 6
(or 7) hourly averages are available, the 8-hour average shall be computed on the basis of
the hours available using 6 (or 7) as the divisor. (8-hour periods with three or more
missing hours shall not be ignored if, after substituting one-half the minimum detectable
limit for the missing hourly concentrations, the 8-hour average concentration is greater
than the level of the standard.) The computed 8-hour average ozone concentrations shall
be reported to three decimal places (the insignificant digits to the right of the third
decimal place are truncated, consistent with the data handling procedures for the reported
data.)

2.1.2 Daily maximum 8-hour average concentrations. (a) There are 24 possible running
8-hour average ozone concentrations for each calendar day during the ozone monitoring
season. (Ozone monitoring seasons vary by geographic location as designated in part 58,
appendix D to this chapter.) The daily maximum 8-hour concentration for a given
calendar day is the highest of the 24 possible 8-hour average concentrations computed for
that day. This process is repeated, yielding a daily maximum §-hour average ozone
concentration for each calendar day with ambient ozone monitoring data. Because the 8-
hour averages are recorded in the start hour, the daily maximum 8-hour concentrations
from two consecutive days may have some hourly concentrations in common. Generally,
overlapping daily maximum 8-hour averages are not likely, except in those non-urban
monitoring locations with less pronounced diurnal variation in hourly concentrations.

(b) An ozone monitoring day shall be counted as a valid day if valid 8-hour averages are

available for at least 75% of possible hours in the day (i.e., at least 18 of the 24 averages).
In the event that less than 75% of the 8-hour averages are available, a day shall also be
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counted as a valid day if the daily maximum 8-hour average concentration for that day is
greater than the level of the ambient standard.

2.2 Primary and Secondary Standard-related Summary Statistic. The standard-related
summary statistic is the annual fourth-highest daily maximum 8-hour ozone
concentration, expressed in parts per million, averaged over three years. The 3-year
average shall be computed using the three most recent, consecutive calendar years of
monitoring data meeting the data completeness requirements described in this appendix.
The computed 3-year average of the annual fourth-highest daily maximum §-hour
average ozone concentrations shall be expressed to three decimal places (the remaining
digits to the right are truncated.)

2.3 Comparisons with the Primary and Secondary Ozone Standards. (a) The primary
and secondary ozone ambient air quality standards are met at an ambient air quality
monitoring site when the 3-year average of the annual fourth-highest daily maximum 8-
hour average ozone concentration is less than or equal to 0.08 ppm. The number of
significant figures in the level of the standard dictates the rounding convention for
comparing the computed 3-year average annual fourth-highest daily maximum 8-hour
average ozone concentration with the level of the standard. The third decimal place of the
computed value is rounded, with values equal to or greater than 5 rounding up. Thus, a
computed 3-year average ozone concentration of 0.085 ppm is the smallest value that is
greater than 0.08 ppm.

(b) This comparison shall be based on three consecutive, complete calendar years of air
quality monitoring data. This requirement is met for the three year period at a monitoring
site if daily maximum 8-hour average concentrations are available for at least 90%, on
average, of the days during the designated ozone monitoring season, with a minimum
data completeness in any one year of at least 75% of the designated sampling days. When
computing whether the minimum data completeness requirements have been met,
meteorological or ambient data may be sufficient to demonstrate that meteorological
conditions on missing days were not conducive to concentrations above the level of the
standard. Missing days assumed less than the level of the standard are counted for the
purpose of meeting the data completeness requirement, subject to the approval of the
appropriate Regional Administrator.

(c) Years with concentrations greater than the level of the standard shall not be ignored
on the ground that they have less than complete data. Thus, in computing the 3-year
average fourth maximum concentration, calendar years with less than 75% data
completeness shall be included in the computation if the average annual fourth maximum
8-hour concentration is greater than the level of the standard.

(d) Comparisons with the primary and secondary ozone standards are demonstrated by
examples 1 and 2 in paragraphs (d)(1) and (d) (2) respectively as follows:

(1) As shown in example 1, the primary and secondary standards are met at this
monitoring site because the 3-year average of the annual fourth-highest daily maximum
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8-hour average ozone concentrations (i.e., 0.084 ppm) is less than or equal to 0.08 ppm.
The data completeness requirement is also met because the average percent of days with

valid ambient monitoring data is greater than 90%, and no single year has less than 75%
data completeness.

Example 1. Amblent momtoung site attaining the primary and secondary ozone standards

lst _nghest 2nd Highest | 3rd Highest 4th nghest
. N e L Dally Max . Dally Max
T e , ;,Percen»t;. w A e :
Lorear Valid Days .| .: vv8-h0ur B 8-h0ur
: B B S ays. 10 “Cone. 'COHC
(ppm) | _ (ppm)
1993 100% 0.091 0.090
1994 96% 0.089 0.086
1995 98% 0.085 0.083
Average 98%

(2) As shown in example 2, the primary and secondary standards are not met at this
monitoring site because the 3-year average of the fourth-highest daily maximum 8-hour
average ozone concentrations (i.e., 0.093 ppm) is greater than 0.08 ppm. Note that the
ozone concentration data for 1994 is used in these computations, even though the data
capture is less than 75%, because the average fourth-highest daily maximum 8-hour
average concenftration is greater than 0.08 ppm.

Example 2. Ambient Monitoring Site Failing to Meet the Primary and Secondary Ozone

Standards

0.103

1993 96% 0.102

1994 4% 0.090 0.085 0.082 0.080 0.078

1995 98% 0.103 0.101 0.101 0.097 0.095
Average 89%

3. Design Values for Primary and Secondary Ambient Air Quality Standards for
Ozone. The air quality design value at a monitoring site is defined as that concentration
that when reduced to the level of the standard ensures that the site meets the standard. For
a concentration-based standard, the air quality design value is simply the standard-related
test statistic. Thus, for the primary and secondary ozone standards, the 3-year average
annual fourth-highest daily maximum 8-hour average ozone concentration is also the air
quality design value for the site.




APPENDIX B

Highest Ozone Concentrations and Data Availability
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Table B.1. H1ghest ozone concentratlons at the Apache Junction site (AIRS Code: 04-021- 3001)

P ’i st hd th | Count
0 1% Max 27° Max 3 Max 4 Max
iYear* . . N o days/36
Y3 (ppb) | (ppb) | (pPb) | (ppb) ‘53§§s,3
81 T8 80 78 ;
2002! (61412002) (T1212002)(11272002) (6552002) | S
74 72 727
20035(7/22/;003) (6/29/2003)(7/21/2003)(7/23/2003), %5
70 70 70 69
'20043(5/1 5/2004) (6/11/2004); (8/3/2004) (5/13/2004)] >

Days

93

!Completen |
Requ1red “oss

(es) ?

13-year avg °f§ 3-year avg of

4th0h|ghest | Completeness.
zone ! (%) '

o tepb) oo i
SR S

73 97 :

Hagired ~}4ﬁ?§£§%§%$k“’f{
] Ozone .~ |1

| N e eb) |
19971611 6%‘11997) (6/1 8?‘11997) (9/8?14997) (6/178/:1))997) 827 365 89 B
1998 (8/25?/3998) (7/279/_3998) (5/239/2)998)§ 7/28??998) 0] 9 B
[1999 (5/269/?999) (5/27%(1)999) (6/6?1?99_9);2 5/25?/3999) 356 | 365 7 86 %4
2000 (8/1?2000,0)‘(8/149/2000) (8_/9/82%00)5(8/15%000) 152 366 “ &8 o
2001) g4 52001 )8/ 7%001 ) (6/22%2001 NG 832001 ) 359 365 98 85 e
2002 (6/6/921002) (7/12?/2002) (6/7?28002)1(7”3%2002) 364 %5 4 % 84 I
2003 (7/_2;?2%03) (712 32003_) (7/23%003): 5/2732003) 358 365 98 g %8
004 (8/3/821004) 61 17/2004)(7/277/2004);(5/157/2004) 351 366 9% 82 o7

Table B.3. Highest ozone concentrations at the Buckeye site (AIRS Code: 04-013-4011)

68
(9/6/2004)

67

(9/11/2004)

64
(8/15/2004)

58
(8/10/2004)

88

24

]2001 (§(1032001) (8/6/2001) (8/9/823001) (8/17?2001) 2 | o4 88

2002 (6/5?20002) (6/7/829002) (6/6?28002) (7/9?26002) 197 | 214 92 o
2003 (5/27?2003) (511 1%003) (5/22%%003) (7/30%3003) 204 214 95 84 92
2004 (9/107/2004) (8/107/2004)(6/107/2004)(6/1 17/2004) 213 214 ]9 S




Table B.S5. nghest 0zone concentrations at the Central Phoenix site (AIRS Code: 04-013-3002)

i E xl i 3-year:avg of ¥ i

i‘Ye'ar st | 2nd | 3¢d ! f}t_h (d(;‘;l;?;e Requlred .Conézften 4th highest - Coﬁ:{e?;,r?eosfs!

‘ (ppb) (ppb) 3 (ppb) ' (ppb) - “5days) Days - (%) Ozone: | (%) 5

7 7 R R 77 ;

. (6/29/1994) (6122/1994) (712911994)| o/ 1(..1.?9,,‘?).,_W3?j. L 365~ ‘,._.,w?g e

; 88 | 8 | 85 85 ' U R

199 (8/0/1995) {(8/31/1995) (8/20/1995); (9r1/1995) | 262 | 3 1 99 7

- B124099) (B0 n 1995 SR S P

1996 4120/1996)(5/11/1996)(7/28/1996)/(5/21/1996),  >+° | 366 “ 1 T 97

: S S 7~ R B 77 e é

1997\ 6116/1997)1 (6/8/1997) | (9/7/1997) (61811997)] 354 365 % e %

; 87 84 1 84 I 79 ‘ — Y

B AL U T O G N A > " ]

1999’(8/1_7_/_j999) (8/19/1999) (6/6/1999) | 341 365 93 L

2000 88 a1 | 76 150 366 40 78 76

(8/10/2000) (7/30/2000) (5/20/2000){(5/13/2000) | ]

79 77 76 75

299" 811012001), (8/6/2001) (8/11/2001){(6/16/2001)| 52 365 % I ©o
&8 84 85 76

200247/14/2002)| (7/9/2002) (7112/2002)| (61512002 | 347 | 365 % 7 o
84 83 80 79

2003\ 8/16/2003)i(7/22/2003)|(5/11/2003)(8/17/2003)] 20 365 7 7 96
78 77 75 75

2004 7195/2004)\(7/26/2004){(7/27/2004)7/2412004)] 37 366 97 76 9

Table B.6. Highest ozone concentrations at the Dysart site (AIRS Code: 04-013-4010)

82 175 75 73]
20034 5/16/2003)|(7/22/2003)|(8/17/2003) 8/14/2003)] ¥ 103 i
2004}, E 70 6o 200 | 214 | o7

(7/25/2004)|(7/26/2004)|(7/24/2004)|(9/11/2004)

Table B.7. Highest ozone concentrations at the Emergency Management site (AIRS Code: 04-
013-3004)

1997 (6/169/3997) (6/189/3997) (9/7?18997) (5/168/§997) 349 5 | 95

1998 (5/23??998) 91 2?:13998) (5/248/$998) /1 98/1 ggg) 01 365 96 N
1999 (8/179/:999) (8/249/:'999) (7H 98/?999) (7 5?999) 300 365 82 84 91
2000,/4 07/2000) (8/147/2000) 8/ 6712000) (8/19612000) 146 214 68 78 &

oot (51812001) [572212001) 7572001) (5/1262001) % RO B I A
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Table B.8. Highest ozone concentratlons at the Falcon led»sxte (AIRS Code: 04-013- 1010)

;Ye'ar 1st | 2nd [ 3rd 4th [;32?;63 Required | on;glsetenf“)t’:ahr!gzgs:fg go)rﬁ;;

(ppb) | (ppb) | (ppb) (ppb) 5days) Days ; L)
19975(6/18??997)‘(6/17%997);(6/16%997) (9/7;311997) | ]
,_1_gf’,_a,(8/259/?998)5(8/25?998)%,(5/238/:13998)(6/14%:12’998)2E 85 1 s -
1999, (8/24??999);(5/26??999);(5/27%?999) (5/23%999)3‘ st 82 o1

QOO? (8/5;322009?,,.((3.”4%(2)000)‘(8/2537/;000) 8/ 1‘_5.7[_25..999._)_,_“_,.,1._?8 _ I 80 %
e e R | L L
2002, 11002 r2412002) (2002 (@i2002)| 20 R .

?,093 (12212003 721/2009) 72372009 /1212009) 210 I
’22004 (7/277/2004) (8/3/727004) (7/267/3004)(5/1"5(7'/2004)W?_i? . 97

Table B.9. Highest ozone concentrations at the Fountain Hills site (AIRS Code: 04-013-9704)

1997 (6/16%997) (8/6?1%97) (6/17%?997) (9/8;318997). S B 99

1998 (8/253/14998) (7/273:13998) (5/23%?998) (5/248_/(15998) %0 | 8 98 _
1999 (5/26??999) (6/6?19999) (5/27%?999) (5/28?(15999) 361 365 98 87 98
2000 (5/20?523000) (8/5?2%00) (8/14813000) (8/1;325000) 141 366 38 86 78
2001 (8/17%001) (8/9?26001) (8/15%2001)‘(8/10?12001) %2 4 %W 85 78
2002 (6/6?22002) (7/12%5002) (6/5/921002)3 (6/4/826002) 359 365 98 85 ’8
2003 (7/2232003) (5/1 1%2003) ar 18/2003) (7/23%2003) 363 | 365 % | 8 99
2004} 54 57/3004) (6/1 17/2004) (7/277/2004)' (8/3/725004) | 362 | 366 98 81 98




Table B.10. nghest ozone concentrations at the Glendale site (AIRS Code 04-013-2001)

;__

;

-year avg of

, s

§ , { ; Count |
,,“’a'i P g M T e comiore
- S RS SR R ; W(Reklv._y,,,w“m“"“
e e B N L
v19953<6/128/3995 eoness e hosseagross) 0 | ®S | e
??3?6?13$9%ﬂi526?996xéﬂ§§996><Wﬁﬁ%96xéﬁféfw_§ S TG e
1997 wyrosr) (enisitosn)| @siesr) omansen| B %S | 70 |78 | e
B T B [ roLo®
19996128/ 1909) (616/1999) (826/1085)| <6/208/1 g X5 | s | T8 | @
8820(8/1;/;990)(5/21%000)(7/3035000)(@[20?3000) 1o R R
2001, @io001) (7122001112001 @200y | X2 | 4| 9 |0 =
2002 (7/9?24002) (7/118/2002)(5/13533002)(7/10?3002) 210 214 % 80 89
2003(8/16%003)(5/132003)(8/178/3003)(5/2132003) 210 214 98 82 98
2004(7/26%004) (7/24?2004) (7/257/523004)' 7/277/2004) 213 214 99 81 8

Table B.11. Highest ozone concentrations at the Humboldt Mountain site (AIRS Code: 04-013-

9508)
1997 (8/9?15997);%(8/6?1%97) (8/4?11997) (8/7?11997) 159 365 N
1998 (6151598) ker18m008) @rer1008) | @sriooey | 7 | 399 %

1999 (6/6?11999) 51 7??999) (4/21%?999) (5/15??999) 293 365 80 86 3
2000454 _:3(25000) (7/_30%2000) (4/26%1000) (5/2?2?000) 150 214 70 86 82

{2001 (6/5?27001) (6/158/2001)(8/108/2001)(8/1_68/2001) 211 214 98 84 83

2002 (7/1;?22002) (6/5/921002) (6/15?/2002) (6/3?20002). 212 214 9 86 89
200354 1?523003) (5/27%523003) (5/22%003)’ (7/30%003) 206 214 9 87 98

2004] 64 1%004) (6/108/(2)004) (9/9/82%04) (5/127/2004), 21 214 98 85 98

Table B.12. Highest ozone concentrations at the Lake Pleasant site (AIRS Code: 04-013-9805)

Yea b
ST 85 82 82 '
19981 7/16/1998)|(6/18/1998)|(6/24/1908), (8/3/1998) | 182
84 83 82 81
19995/17/1999)|(6/14/1999)|(5/28/1999) (4/21/1999) 2" 365 I “ I
| 90 89 82 82 ’ T
P000,7/34/2000){(8/10/2000){(5/20/2000)|(6/20/2000), 142 214 66 82 7
76 73 73 73
2001 (71312001) | (51812001 [i6/1512001)] (B1572001) | 107 124 86 ©o I
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Yéér ' f15t 'Z"dl -~ 3rd 4_th ‘(cﬁc;l;?;si Required Con;;s)lseten
. (ppb) | (ppb) (ppb) (ppb) | sdays) | Days |- (%)

85 .ér‘ ..»79 | . 78 s e 1t o b e i i - e
»1??’7(6/16/1997) (8/41997) | (816/1997) | (8/5/1997) | 2% B
; 98 90 ; 89 S T
19%0l71171999) (812811998 (512411 998) (512311998) 292 | % %6
1999 .. 89 84 80 : 81

99\8/17/1999) (8/26/1999)(5/28/1999)| (7/5/1999) | 297 | 366 | &1

51 61 80 80
2000(8/10/2000)(5/21/2000)(5/12/2000),(5/20/2000) 149 24 69

83 75 74 73 ;

200 6/11/2001)! (8/1/2001) | (71212001) | (s78/2001) | 207 1 214 96

12001 B2 2000 SRR o
29021 (71912002) (711112002){(7110/2002)(711212002); 2"0 | 2 | 9

&7 86 83 83 ]

200348147/2003) (5/11/2003)|5/21/2003) (7/22/2003) 213 | 214 1 99

Table B 13. Highest ozone concentratlons at the Maryvale 31te (AIRS Code‘ 04-013-

i3-year avg of

4th, highest: '
Ozone

O I R

82

78

79

80

81 '

3006)

3-year avg of
Compléteness |
(%)

+

85
82 o

98

Table B.14. Highest ozone concentrations at the Mesa site (AIRS Code: 04-013-1003)

{1994 (6/229;?994) (7/23?994) (6/2?19994) (7/20%?994)1. 288 365 78 ] L
[1995 (8/319/?995) (8/29%995) (6/109;%995) (7/28%995) 343 365 93 B
1996 (4_/299/?996)'(5/1 19/$996) (5/2315996) (6/1/910996_) 327 366 89 0 87
1997.(6/169/1997)(6/1 8%:997) (6/8?15997): (9/7?14997)} 346 365 “ & | e
199874 _7??998 ) (5/233‘11998) (5/24%?998) 71 08/?998); 361 365 98 & u o ﬁ
1999 14/2909) (3/1711999) @125 1999) (5126 1009)] 35 365 % 82 %
2000 (8/14?2000) (7/307/2000) (5/2/728000) (4/23713000)' 140 366 38 79 o
[20o1 (8/6/728001) 8/ 17/2001)(8/197/2001)(8/163;001)5 320 365 87 77 74
12002 (7/123%002) (71 17/3002) (7/9/72%02) (6/6/722002). 286 306 9 4 3

Table B.15. nghest ozone concentratlons at the Mount Ord s1te (AIRS Code: 04 013 9701) )

1997 (6/1(3?997) (8/6?16997) (5/28%?_997) 5/27%‘11997) 236 365 64

1998, 6/1 8%998) (5/223?998) (5/233?998) (5/24%?998) 338 365 92

1999 (6/6?13999) (5/269/?999) (6/12%?999) (4/218/3999) 263 275 9% 86 8
2ooo (7/30%000) (8/1/920000) (8/2?20000) (8/5/92%00) 101 166 60 88 &2
2001) g, 7%001)(6/1 £72001 ) (6/217/2001)(7/137/2001) 135 214 63 85 n




1 E ‘ Completen 3-yea’|“'m5vg of |
EYe'ar 0 1st i 2.nd_ ! 3rd Requnred " ess 4th: hlghest:
. {pphb) (ppb): 1 - (pph) ; Days %) 6(7;:2;3 (%) :
oo (7/2931994{(7/13%994)? @si1990) <7.41§3394).r ﬁf‘i. IR R N
1985 o100 18/33?99@(6/15?995)<8/2§§99§> R o A RS SO
1996 (7,/3_;13_((")1‘%95) (5/1 1 /012996) (8/283(15996) (512 13??96) 352 366 96 89 % o
‘199_7(6/199[]1:397) (6/9/912997) (8/6;311997) (9/7?11997) 349 365 95 8 9%
1_998 (7(?735.99_8)(7/173‘11998) (8/28%)99@2(5/24%?998) M.?_sz %65 ?6 92~ 96 :
1999 a104)t900) 22900220 sze o0e) P2 | WS | 98w | 8
2°°°<8/10%909>,<5/21%009> (202000) 242000 45| 3 o ® T
2001 (8/6/9230(;_1_),”@,/”1.0%001)(7/12%2001) (7/2;326001) 364 365 T A
2002 (7/9?23002) 71 Sgooz) (7/128/2002)_ (6/6/825002) 357 365 97 86 8
003 (7/2233003) 81 633003) (511 18/2003)' (7/16812003) 358 365 98 86 98
2004 (7/27%004) (7/26%004) (7/24%004) (8/1;320004) 355 366 96 84 97

Table B.17. Highest ozone concentrations at the Palo Verde site (AIRS Code: 04-013-9993)

1996 (7/317/1996) (7/287/?9_96) (9/287/] 996) (7/297/(1)996) 64 159 40

1997 (9/4/911997) (8/5/81%97) (6/167/?997) (8/4/717997) 240 | 365 85

199874 " 998) (8/28%] 998) (6/24%?998) (8/31%(1)998) 186 214 86 76 64

1999 (5/26%999) (4/2_131 999) (5/27%1 999) (5/28%?999) 204 214 95 79 82

2000 (7/3132000) (5/1?21000)_ (5/20%(2)000)f (6/5?20000) 19 214 55 80 0o
2001 (8/167/2001) (8/7/726001) ,(5/5/724001) (5/8/724001): 180 214 84 78 78

2002 (7//1,(;;993_)‘ (5/1 3%(2)002) (7/9?2%02) (6/187/2092) 213 214 % 7 79
20035/ 1%(2)003) (5/2132003) (8/1‘78/2003), (6/287/_2003)_ 212 214 99 76 %

2004 (7/257/2004) (5/1/724004) (5/127/:23004)\(4/287/2004) 212 214 99 75 100
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Table B.18. nghest ozone concentratlons at the P1nnacle Peak s1te (AIRS Code: 04-013- 2()05)
S 3-yea avg of; 3

‘Yearz\ 1st 2nd i 3rd ‘ Requ1red zCon;[S)!:ten 4th highest " zc‘;year avy of

.| ~(ppb) (ppb)  (pPb) | Days f (%) Qzone.. | "

T v e B T NN N
1995(8/29%:995)(7/28%?995 j(8/9ﬁ|%95)_2(8/3131995)5 35 1 865 ‘( & ]
° <6/163‘11997> <6(1_7_3‘11%97) .,(8_/9??2 op| 2 | % 1 ¥ 1 ®

T 87 8

1998(7/27/1998)2(8!?%/.1995&(»6,/‘2,5/_]99_?2 raigos) 0 1 % L% % LF
1999 g3y1909) 24/1899) (1099) (ozcrisem) O | 6 | e | s o

2000 (8/14%000) (8/5?28099‘[ (8/9;327000) (7/31%2000) 150#£ - %6 40 85 79

f,offf T e I Rl I . A . i

2002 (7/12?2002) (6/6?26002) 71 5%&23002)(7/1 1%002), 36 | 365 97 8 78

2003](7/2292003) (501 33003) (5/27%2003) (7/30%2003) 350 365 9% 84 9

poo4 (5/157/2004) (3/197/2004) (5/14?2004) (7/266/3004) 343 %69 8 95
Table B.19. nghest ozone concentrations at the Rio Verde site (AIRS Code: 04-013-9706)

1997 (6/_1731997) (8/6?17997) (6/16%?997) (9/7?1?997) 143 365 39

19%(5/228/?998)’(5/23%?598) (5/24?/?998),(5/2537/(1)998) e 365 4

1999|516 1999)| (6/6/1999) |5/2711999) 28009 183 214 8 80 43

2000 (8/14%2000) (5/20%000) (8/1?26000) (8/9?26000) 150 214 s 81 53

2001 (6/6;323001 ) (8/10%2001)(8/17%2001) (8/9_/823001) 214 214 100 85 85

2002 (6/6?2%02) (6/7/828002) (6/4?25002) (6/5725002) 209 214 97 85 89

200_3(7/22__9/2003)(7/218/2003)(5/11?3003):(7/23?3003) 205 214 95 84 7

2004(5/15%3004)(5/137/2004) (5/147/2004) (6/127/3004) 178 214 8 81 92

Table B.20. nghest ozone concentratlons at the South Phoenix site (AIRS Code 04-013-4003)

1999} 10/10/1999))(1 0/2(3?999) A 0/1??999) (10/9/19099), %3 92

2000 (5/15/2000) (5/2032000) (8/24?3000) (5/21?2000) 153 366 41

2001} g4 1?(23001) (8/6;322001) (8/15?2001) (8/1/726001) 354 365 96 74 79
002} (744 1%2002) (7/1(32002) (7/12%002) (6/55321002) 361 365 98 80 78
2003 5/1112003) (712212003) (8/177/;003)@{277/2003) %2 | 365 %9 8 9%

po04 (7/257/2004) (611 17/3004)\ o1 17/2004) (4/257/2004) 361} 366 98 6 98
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{

Table B.21. nghest ozone concentratlons at the South Scottsdale e site | (AIRS Code: 04-013- 3003)

13- year avg of 3- year avg of

{Year 1st 2nd 3|_'c_ik : 4th ;(;;Oyl;;gat Required jCompleteni 4th highest Completeness
ey (ppb) : (ppb) (ppb) } (ppb) 5days) Days | ‘(’;;gf . %)

: : J— _ ! R e o - _, UL i M AN et s i
31994<7/29??994>f<6428%994>‘<7/21%994{(2/251994,{ W
199 k(8/31??995)§(8/9/910995) i(8/8?19995);(9/1?19995~){ 33
1998y nssemsoose zinose) itess) | %0 6 | %

1597 L S |
f 9?35(7/27/1 998) (8/23%?998) (7/267/?998) (S(g;;/‘?gggw)m 343 %
Sl o W o I i T

/2000 (8/1(%999) (8/14%2000) (8/168/;000)(8/19?2000)4___7717'?(_]__7_ Badi R }
200y 10001) oo (192000) ooy | | ¥ o | T

po02 (7/12%002) (7/9?20002) (6/5/729002) (7/117/2002) 350 365 95 79 v

2003 (7/22%003) (501 Sgoos) (8/1 632003) (7/237/2003) 356 365 97 9 93

2004 (7/26%09_4) (7/277/2004)5(7/253/3004) (7/247/2004) 345 6 | o 77 95

Table B.22. Highest ozone concentrations at the Super Site site (AIRS Code: 04-013-9997)

95

199615/11/1996)

T3
(7/2811996)

89
(7/26/1996)

87
(5/21/1996)

89

1997} 6/16/1907)

83
(8/6/1997)

80
(6/9/1997)

80

1(8/25/1997)

237

88

1998}7/17/1098)

81
(5/24/1998)

80
(8/28/1998);

79
(7/27/1998)

229

62

82

58

51

1999 5128/1999)

48
(2/127/1999)

46
(2/21/1999)

46
(3/14/1999)

72

19

68

48

‘2000

93
(8/10/2000)

78
(8/12/2000)

77
(7/30/2000)

76
(5/13/2000)

111

30

67

37

2001

86
(8/6/2001)

81
(8/10/2001)

80
(8/11/2001)

79
(7/12/2001)

349

365

95

67

48

2002

93
(7/9/2002)

89
(7/11/2002)

83
(7/12/2002)

76
(7/10/2002),

362

365

99

77

75

2003

83
(5/11/2003)

82
(7/22/2003)

82
(8/16/2003)

75

5/21/2003)

362

365

99

77

98

2004

77
(7/26/2004)

76
(7/25/2004)

73
(7/2412004)

72
(8/10/2004)

361

366

98

74

99

Table B.23. Highest ozone concentrations at the Surprise site (AIRS Code: 04-013-4007)

2001 6/11/2001)(8/14/2001)(8/16/2001)] (5/8/2001) | 292 | 365 %
83 80 80 79
2002} 6/612002) |(6/18/2002)] (7/0/2002) (5113/2002) 192 | 214 %
! 79 70 67 66
P003}5/11/2003)| (5/9/2003) | (5/1/2003) [5110/2008); 10 | 108 %2 ” S

73

73

72

;71‘
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Table B.24. Highest ozone concentratlons at the Tempe 51te > (AIRS Code: 04-013-4005)

vCompleten

ess
(%)

| 3:yearavgof | -
4th highest
Ozone -

~_(ppb)

i

| 3-year-avg of |
¢ Gompléeteness

A%)

| i { § i | Count
fYéar; st 2nd | 3rd | 4th \(days/3| Required
i (ppb) (ppb) | (ppb) {ppb) f65days .Days

P R SV S B T g IV
2000&(8/16/2000)%(8(10/2000)%(8/14/2000)(7/30/2000) 61 184 |
- {S1S2000 S10A000USABONIIBIRNON b
29?1 (8/11/2001)(8/15/2001), (8/5/2001) (8/19/2001); 00 ; 385

86 8 | 83 8
200217/12/2002){7/1112002)| (61712002 | 61512002) | 211 | 214

86 83 180 80 | ., .
2993,712212003)|(5/11/2003) (7123/2003)8/1212003), 2%° | 214

78 72 1 12 71
PO0% 712572004 (7/26/12004){(7127/2004)j4/2412004). 205 | 214

33

82

98

95

95

79

80

77

71
92

96

Table B.25. Highest ozone concentrations at the West Chandler (old) site (AIRS Code: 04-013-

3009)
78 78 78 77
1997 1 (6/811997) |(6/16/1997) (6/18/1997)| (9/9r1997) | 344 | 365 94
79 75 75 74
1998 17/17/1998) | (5/23/1998) | (7/26/1998) | (5/24/1908)| 348 | 365 95
75 7 71 ) i
1999 | 8/17/1909)| (6/6/1999) |(8/24/1909)|(5/28/1909); 300 | 365 82 73 90
76 76 75 74
2000 14/3012000) | (5/13/2000) |(5/12/2000) | (412972000 | 32 | ©3 i o 7

2000 (8/1(58/2000) (8/24%3000)’(8/14713000)_ (8/1.0,7/;000) 82 4 123 26

2001 :(8/1132001) (8/15%001)' (8/5;323001) _(6/167/2001)_ 204 | 214 R
2002 f(7/1o%ooz) (71 Sgooz) (7/1233002) (8/8723002) 207 | 214 9% 9 2

2008 (5/11%003) (5/335_2_003) (8/7/729003) (7/227/2003)' 21| 214 98 80 9
2004 (7/257/3004) (4/247/3004) (7/267/3004) (4/257/2004) 212 | 214 9 77 98
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Table B. 27 nghest 0zone concentratlons at the West Phoenlx site (AIRS Code: 04-013-0019)

s g | we | Cou e compie SO %c;y,:::ei:sezﬁ
; (ppb.) | - (ppb) (opb) ‘(p‘pb) 65days)| Days o ?;gg;a L (%) %

1994 (7/157/?994);(5/127/?994) 51/7/715994) (5/217/‘11994),‘ (353 35 % i ,

1995 (8/1/814995)' (8/29?‘11995) (8/318;‘1‘995) _”(9_/1?14995)7_ B e B ;

1996$ (5/2\1_3613996) (5{]1?&13996).(4/29%996) (6/1/811996) G I T B 1 %

1997‘(6/163?997)(8/6?11997)__ (8/5/71%97) (6/247/61399z)w_‘_>323 365 J 88 o ! 92

1998 (iross) | szartons) (ezarison) ronoos)| %4 | S | 90 | w9

1999 10/1771080) 10101990990 toranose) 2 | WS | 90 | e o4

2000((8/1(%000) (5/20%2000)_:(5/218/5000) (5/198/;000)§ T4 %y 30 8w o

2001 (8/6?21001) (8/117/2001) (9/9/72%01) (7/127/523001) 334 4 365 91 82 75

5222 (7/11222002) (7/91/2802) (7/10%002) (7/12%002)‘ 358 | 365 98 80 76

%003 (5/1 1%003) (7/22%003) (8/16?3003) (5/217/2003) 342 | 365 93 79 94

2004 (7/25%8004) (7/267/2004) (7/247/3004) (7/277/3004) 363 | 366 99 78 e
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APPENDIX C

Identification of Meteorological Regimes Corresponding with High Observed Ozone
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The following is a procedure that may be used to assist in selecting modeling episodes.
Other techniques may be considered on a case-by-case basis; they should be described in
the Modeling Protocol and approved by the appropriate EPA Regional Office.

Identification of meteorological regimes for a given area under review begins with
constructing a climatological windrose of high ozone days. The windrose is constructed
by first selecting all days from the period 1987 to present during which at least one ozone
monitor within the area recorded an exceedance of the ozone NAAQS or some other
cutoff level (e.g., 100 ppb). Additional years of data are encouraged in constructing the
climatological windrose (e.g., 1980-1991). Next, for each exceedance day, calculate the
morning (i.e., 7:00 A.M. - 10:00 A.M.) resultant wind velocity. Then group the resultant
wind velocities for all of the exceedance days into eight compass directions plus calm, to
establish a climatic windrose of high-ozone days for the area under review. Calm winds
are defined as those with speeds less than 1.5 m/s and referred to as the null wind
direction. The windrose will include nine bins (0-8); place the wind directions
corresponding to the eight compass points into bins 1-8, and the calm or null wind
direction into bin 0. The bins with frequencies significantly higher than the average
frequency for all bins should be defined as the "predominant wind directions" (PWD).

Next, compare the morning (i.e., 7:00 A.M. - 10:00 A.M.) resultant wind velocity for each
exceedance day during 1987-89 and more recent years with the climatic windrose of
high-ozone days. Categorize exceedance days with wind directions corresponding to
previously identified climatic PWD's as belonging to that PWD. Lump all other
exceedance days occurring during 1987-89 and later into a category called "other." Rank
each exceedance day within each PWD category and within the "other" category
according to its areawide daily maximum ozone observation. Within each category, the
day with the highest areawide daily maximum concentration is ranked first.

After the steps described in the two preceding paragraphs are completed, meteorological
regimes can be defined for use in the attainment demonstration test described in Section
6.4. This may be done as follows:
1. Choose the two PWD's which contain the highest areawide daily maximum ozone
values from 1987 to the most recent year with data available. These represent two
of the meteorological regimes to consider in the attainment test.

2. The third "meteorological regime"” to be considered in the attainment test is
comprised of all exceedance days previously categorized as "other" plus those
belonging to any PWD not chosen in step 1.

3. Identify the top 3-ranked exceedance days from within each of the three
meteorological regimes identified in steps 1 and 2. These days are candidates for
modeling in the attainment test. Final choice from among these candidates is
based on criteria identified in Section 3.1.

4. It may happen that one or more of the meteorological regimes identified in step 1
contains fewer than 3 exceedance days. If this occurs, exceedance days included
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within PWD's which have been lumped in the third meteorological regime (see
step 2) may be added to one or both of the first two regimes. If this proves
necessary, selection of days to supplement those in one or both of the first two
regimes needs to be decided on a case-by-case basis keeping in mind the goal of
this exercise: to provide a choice of exceedance days reflecting high ozone
concentrations with meteorological conditions which frequently coincide with
observed exceedances.
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APPENDIX D

Spatial Distribution of Maximum Ozone Readings on High Ozone Days in 2000-2004



D.1 Episode 1 (July 8-14, 2002)

MORE |
[i}

Figure D.1.1. Spatial distribution of daily maximum 8-hr ozone value on 7/9/2002 (unit: ppb)

Figure D.1.2. Spatial distribution of daily maximum 8-hr ozone value on 7/10/2002 (unit: ppb)



Figure D.1.3. Spatial distribution of daily maximum 8-hr ozone value on 7/11/2002 (unit: ppb)
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Figure D.1.4. Spatial distribution of daily maximum 8-hr ozone value on 7/12/2002 (unit: ppb)
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Figure D.1.5. Spatial distribution of daily maximum 8-hr ozone value on 7/13/2002 (unit: ppb)



D.2 Episode 2 (August 5-11, 2001)
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Figure D.2.1. Spatial distribution of daily maximum 8-hr ozone value on 8/5/2001 (unit: ppb)
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Figure D.2.2. Spatial distribution of daily maximum 8-hr ozone value on 8/6/2001 (unit: ppb)
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Figure D.2.3. Spatial distribution of daily maximum 8-hr ozone value on 8/7/2001 (unit: ppb)
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Figure D.2.4. Spatial distribution of daily maximum 8-hr ozone value on 8/9/2001 (unit: ppb)
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Figure D.2.5. Spatial distribution of daily maximum 8-hr ozone value on 8/10/2001 (unit: ppb)

Figure D.2.6. Spatial distribution of daily maximum 8-hr ozone value on 8/11/2001 (unit: ppb)
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D.3 Episode 3 (August 9-15, 2000)
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Figure D.3.1. Spatial distribution of daily maximum 8-hr ozone value on 8/9/2000 (unit: ppb)
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Figure D.3.2. Spatial distribution of daily maximum 8-hr ozone value on 8/10/2000 (unit

: ppb)
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Figure D.3.3. Spatial distribution of daily maximum 8-hr ozone value on 8/12/2000 (unit: ppb)
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Figure D.3.4. Spatial distribution of daily maximum 8-hr ozone value on 8/13/2000 (unit: ppb)
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Figure D.3.5. Spatial distribution of daily maximum 8-hr ozone value on 8/14/2000 (unit: ppb)
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Figure D.3.6. Spatial distribution of daily maximum 8-hr ozone value on 8/15/2000 (unit: ppb)
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D.4 Episode 4 (July 30-August 5, 2000)
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Figure D.4.1. Spatial distribution of daily maximum 8-hr ozone value on 7/30/2000 (unit: ppb)
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Figure D.4.2. Spatial distribution of daily maximum 8-hr ozone value on 7/31/2000 (unit: ppb)
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Figure D.4.3. Spatial distribution of daily maximum 8-hr ozone value on 8/1/2000 (unit: ppb)
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Figure D.4.4. Spatial distribution of daily maximum 8-hr ozone value on 8/2/2000 (unit: ppb)
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Figure D.4.5. Spatial distribution of daily maximum 8-hr ozone value on 8/3/2000 (unit: ppb)
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