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Appendix F: Photochemical Modeling Support
Documents

F.1 INTRODUCTION

For District review purposes, this document summarizes modeling-based calculation
procedures to estimate future year design value and future year carrying capacity. The
first section of this document describes the approach utilized while the second section
presents the associated results using the model simulations presented in the Volume 1
document, which describes model performance results for 8-hour ozone model
simulations of the July 1999 and July-August, 2000 episodes.

As indicated in the Volume 1 documentation and repeated here, sub-regional model
performance was conducted for 5 days per episode (10 days total) for each of the 15
sub-regions (Figure F-1). Table F-1 summarizes the number of modeled days that
passed the model performance criteria. With the exception of the North Coast (0 days),
2-9 days of the possible 10 days per sub-region are available for consideration in
calculating future year design values.

Table F-1 Combined Number of Available Days* Per Sub-region Under 8-hour

Metrics
: Jul July-Au
Region Name 19936 23600 9 Total

North Coast 0 0 0
BAAQMD 1 1 2
MBAQMD 1 1 2
Sacramento Valley North 4 1 5
Sacramento Region 5 0 5
SJVAPCD Central 4 3 7
SJVAPCD Kern 4 5 9
SJVAPCD North 3 1 4
Sierra Nevada Central 2 4 6
SJVAPCD Above 3000 ft 3 0 3
South Central Coast 3 4 7
Sierra Nevada North 3 4 7
Desert 1 2 3
Nevada 3 0 3

Totall 37 26 63
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* For days that a region meets the associated performance criteria a value of 1 is assigned. A
value of 0 means that region doesn’t meet the criteria for the respective day and, if there is no
model simulated concentrations above 60 ppb, then -99 is assigned.

Tl

Figure F-1 Sub-regions for air quality model performance evaluation
(3: Bay Area region, 6: Metro Sacramento region, 7: Central San Joaquin Valley region ,
8 southern San Joaquin Valley region, 9: Northern San Joaquin Valley region, 10:
Central Mountain Counties region, 11: Southern Mountain Counties region, 12; eastern
Kern County region, 14: Western Nevada County region, and 15: Butte County region).

F.2. APPROACH

This section describes ARB’s proposed procedures, based on USEPA guidance, for
calculating and applying RRFs for California’s 8-hour ozone State Implementation
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Plans. The information in this section was previously provided to the San Joaquin
Valley Unified Air Pollution Control District for review and comment (still pending).

F.2.1 Description of Methodology

While the emphasis of this discussion is on site-specific RRFs, it is noted that the
USEPA (2005) also requires an analysis to demonstrate that high ozone concentrations
occurring away from monitors (e.g., unpaired in space) will also be controlled in future
years to meet air quality standards. This issue is addressed as well.

The application of photochemical ozone models has a long history in California, for uses
ranging from the preparation of State Implementation Plans to research activities to
regulatory development. The modeling community has applied these tools in the State
for over 30 years, and much has been learned about their proper uses and limitations.

One of the fundamental understandings that has been learned about photochemical
models is that they are best used to estimate the relative difference between scenarios,
rather than for absolute concentration estimates. That is, their strength is in estimating
the relative change in concentration levels from a baseline condition (e.g., a current
year) to an alternative scenario (e.g., a future year), rather than predicting the exact
concentration level that will result from the alternative scenario.

EPA’s guidance on the use of models for attainment demonstrations in support of 8-
hour ozone planning (USEPA, 2005) is consistent with the fundamental strength of
models described above. EPA’s recommended modeled attainment test is to utilize
relative model response on a site-by-site basis, in the form of a relative reduction factor
(RRF), to predict future-year 8-hour ozone design values. This methodology relies on
the base year for the modeling for conducting model performance analyses, a baseline
year of 2002 for projecting forward site-specific design values, and a future year for the
attainment test.

DVe = (RRF) (DVp)

where DVg = a baseline year (2002) concentration (design value)
measured at a monitoring site
DVE the estimated future year design value at the same site

RRF the relative reduction factor at the same site

The RREF is calculated as the ratio of future year to baseline year modeled ozone
concentrations at a site:
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RRF = Yot
BY8—hr
where RRF = the relative reduction factor for a monitor
FYsnr = the modeled future year 8-hour daily maximum
concentration predicted near the same monitor
BYs.nr = the modeled baseline year 8-hour daily maximum

concentration predicted near the same monitor

In principle, this concept is simple. Unfortunately, it can be confounded by a number of
factors, including the limited number of modeled days available, the choice of year(s) to
use for specification of the baseline design value, the uncertainties inherent in air quality
modeling, and the presence of a non-zero background level of ozone. As a result of
this, EPA technical staff have indicated that there is flexibility in the application of RRFs,
as long as the methodology is technically sound and is properly documented.

F.2.2 Estimating Base-Year (2002) Design Values

Specification of the baseline design value is a key consideration in the modeled
attainment test, since this is the value that is projected forward and used to test for
attainment at each site. Since the baseline design value is presumably reflective of
conditions in the baseline year, it should be representative of the emissions used for
that year. However, many areas experience fluctuations in their year-to-year
meteorology, as well as emissions levels. In recognition of this year-to-year variability,
the baseline design value should in some fashion also reflect this variability. A standard
methodology for minimizing the influence of year-to-year variations is to calculate an
average value over multiple years. Therefore, the following methodology is
recommended for specification of the baseline design value at each monitoring site:

The baseline design value (DVg) will be calculated as the average of
the three design values for the three years commencing with the
baseline year of the modeling. The baseline year for modeling in
support of the 8-hour ozone SIPs is 2002. Therefore, the baseline
design value will be calculated at each monitoring site as the
average of the design values for 2002, 2003, and 2004.

California design values are calculated as the three-year average of the 4™ highest 8-
hour ozone peak values, and are assigned to the last year. Thus, a design value for
2002 would be based on data for 2000-2002. The recommendation above implies that
the baseline design value at each monitoring site will be calculated as the average of
nine design values over five years: the three years which make up the 2002 design
value (2000-2002), the 2003 design value (2001-2003), and the 2004 design value
(2002-2004). This gives the greatest weight to 2002, since that year is included in the
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calculation of the design value for all three years. Table F-2 summarizes the
recommended process for calculating the baseline design value at each monitoring site.

Table F-2 Baseline Design Value Calculation

Year Years Averaged for Design Value

2002 2000 2001 2002

2003 2001 2002 2003

2004 2002 2003 2004

Yearly Weighting for Average Design Value for Modeled Attainment Test

2002-2004 _ Yearyo +(2)(Yeary) + (3)(Yearyg,) + (2)(Yearyys) + Y eary,
Average 9

DVg

F.2.3 Relative Reduction Factors

As discussed above, the relative reduction factor (RRF) is a monitor-specific value that
is calculated based on daily peak 8-hour ozone concentrations simulated in a future
year, divided by daily peak concentrations simulated in the base year. To be consistent
with the principle that the modeled attainment test and design values should be robust
and stable over a number of different types of meteorology, the RRF should be based
on multiple simulated days. The following methodology will be used to calculate site-
specific RRFs:

Site-specific RRFs will be calculated as the ratio of the average daily peak 8-hour
modeled ozone concentration in the future year, divided by the average daily peak 8-
hour modeled ozone concentration in the baseline year. Only those days satisfying the
model performance and threshold criteria described below shall be included in the RRF
calculation.

RRE _ (FYS—hr )AVG

AVG
BY8—hr AVG

where RRFave the average relative reduction factor for a monitor

(FYs-tr)ave the average future year 8-hour daily maximum
concentration predicted near the same monitor,
averaged over those days which satisfy model
performance and threshold criteria

(BYsn)ave = the modeled baseline year 8-hour daily maximum

concentration predicted near the same monitor,
averaged over those days which satisfy model
performance and threshold criteria
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F.2.4 Criteria for Use of Modeled Days in RRF Calculations

Adequate model performance is a requirement for use of modeled results. The lack of
acceptable performance greatly increases uncertainty in the use of the modeling results,
and casts doubt on conclusions based on the modeling. Although it is desirable to
include as many days as possible in the RRF calculations, our experience has
demonstrated that not all modeled days meet the minimum performance standards, and
are thus not suitable for use. Therefore only those days which satisfy the following
model performance criteria will be utilized in subsequent RRF calculations.

The USEPA (1991) and ARB (1990) outline a number of procedures for analysis of
base year, air quality model performance. These include spatial and time-series plots,
and statistical analyses, comparing simulated and observed pollutant concentrations, as
well as sensitivity analysis of selected input fields. The purpose of the performance
analysis is to provide some confidence that the air quality simulations — which are the
basis of future-year ozone concentration estimates — are performing properly.

The application of air quality modeling results to demonstrate attainment of the federal
1-hour ozone standard emphasized the simulated unpaired peak ozone concentration.
Three statistical measures were recommended to evaluate model performance:
unpaired peak ratio (UPR), paired mean normalized bias (NB), and paired gross error
(GE). These statistical measures were calculated for the modeling domain as a whole,
and the NB and GE were calculated from all hourly concentrations in excess of 60 ppb
(to avoid biasing the statistical measures with low concentrations). To meet
performance guidelines, recommendations were that the UPR should be within + 20%,
NB should be within £ 15%, and the GE less than 35%. However, California’s
geography is very complex and modeling domains have evolved to cover large
geographic areas. Thus it is recommended that the domains be divided into sub-
regions, and that the performance measures be calculated independently for each sub-
region. The configuration of these sub-regions is somewhat arbitrary; however, they
should be configured to isolate "common" regions of higher ozone.

The USEPA (2005) recommends that the emphasis for 8-hour model performance be
based on concentrations occurring at, or in the vicinity of, individual monitoring sites.
Specifically, modeled concentrations occurring within 15 km of a site are considered to
be in the vicinity of the site. The recommended statistical measures to assess
simulated versus observed maximum 8-hour ozone concentrations include paired (in
space, but not time) peak prediction accuracy (PPPA), paired mean normalized bias
(NB), and paired gross error (GE). Although limited performance analysis has been
completed for 8-hour ozone modeling in California, it seems prudent at this point to
carry forward the 1-hour statistical goals and apply them for the 8-hour standard (UPR
within £ 20%, NB within + 15%, and the GE less than 35%). However, these limits may
need to be revised as 8-hour SIP modeling progresses and rigorous model performance
evaluations are completed.
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While statistical measures for 1-hour model performance were typically calculated
independently for each modeled day available, the USEPA also recommends that
PPPA, NB, and GE be calculated for each site over all modeled days. However,
because the number of episode days available may be very limited, the statistical
uncertainties in these latter calculations would be large and they are not recommended
herein.

In order to have confidence in future year estimates from air quality models, there must
be confidence in the air quality modeling for the base year. That is, days not meeting
model acceptance criteria provide high uncertainty, and should not be used for the
modeled attainment test.

In addition to the issue of model performance, analyses conducted by the USEPA
(2005) suggest that air quality models respond more to emission reductions at higher
predicted ozone values. Correspondingly, the model predicts less benefit at lower
concentrations. This is consistent with preliminary modeling in support of the 8-hour
ozone standard conducted by the ARB and the districts. These results imply that RRF
calculations should be restricted to days with predicted high ozone concentrations. It is
thus reasonable to establish a minimum threshold for predicted peak 8-hour ozone
concentrations in the baseline year. Days for which the predicted daily peak 8-hour
ozone concentration at a site is less than the threshold, would not be used for
calculating RRFs at that site. Consistent with EPA’s recommendation, we propose to
use a value of 85 ppb for the baseline year threshold.

Based on the above discussion, we propose the following methodology for determining
sites and modeled days to be used in the RRF calculations:

Only those modeled days meeting the following criteria will be used
to calculate site-specific RRFs:

1) The modeled daily 8-hour peak ozone concentration within 15 km
of the site for the base year of the modeling must be within £ 20%
of the observed value at the site.

2) The modeled daily 8-hour peak ozone concentration within 15 km
of the site in the baseline year must be 85 ppb or greater.

3) The sub-regional 1-hour and 8-hour statistical measures of NB
and GE must fall within the thresholds of £ 15% and 35%,
respectively.

F.2.5 Estimating Future-Year Design Values
As discussed above, the EPA’s 8-hour modeling guidance recommends utilizing relative

model response on a site-by-site basis, in the form of an average relative reduction
factor (RRFavc), to predict future-year 8-hour design values for attainment planning.
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The average RRF is then multiplied by a site-specific design value to estimate the
future-year design value. One of the confounding factors in this approach is
consideration of the effects that background levels have on the effectiveness of
emission control programs.

There is a large body of information that suggests that ambient concentrations consist
of some (perhaps nonlinear) background value and a contribution due to anthropogenic
emissions. That is, if all man-made emissions could be zeroed out, ozone
concentrations would not go to zero but rather some finite value. The literature
suggests that 40 ppb is a reasonable global background ozone value, and it is quite
likely that continental background is some other, somewhat higher, value. One
possibility for estimating background ozone values in a given modeling domain would
be to exercise the model without anthropogenic emissions, and to thus develop a
gridded “background” ozone field. One concern with this approach is that at such low
levels, the model’s boundary conditions exert a large influence, and appropriate
temporally- and spatially-resolved data to specify boundary conditions rarely exist.
Thus boundary conditions can be subjective and uncertain. Whether the background
value is established at some finite value (e.g., 40 ppb) or is model-derived, it represents
that portion of a site’s ozone problem that cannot be mitigated by anthropogenic
emission controls.

According to EPA’s 8-hour ozone modeling guidance, the modeled attainment test
requires that a future year Design Value (DVE) be calculated at each site and compared
to the standard to determine if the site is predicted to be in attainment. To calculate the
future year Design Value, the Design Value for the baseline year (DVg) is multiplied by
RRFave. Although EPA’s guidance says nothing about background ozone, we propose
to calculate the future year Design Value with consideration of background. The Table
F-3 illustrates calculation of the DV with and without background.

Table F-3 Calculation of the Average Relative Reduction Factor with and without
Consideration of Background Ozone

Without consideration of With consideration of background
background
“RE (FY) e “RE - (FY-BG), e
A6 (BY), e A6 (BY -BG), g
DVF = (RRFAVG) X (DVB) DVF = [(RRFAVG) X (DVB — BG)] + BG
Definitions
DVg = Design Value for the baseline year
BY = base year model prediction
FY = future year model prediction
BG = background ozone
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Future year design values will be calculated with consideration of background
ozone. Because the model's boundary conditions exert a large influence on
modeled background ozone levels, 40 ppb will be used to represent background
ozone concentrations.

F.2.6 Unpaired Peak Concentrations

This information will be available in future ARB documentation.

F.2.7 Other Potential Technical Issues

The process outlined above for calculating site-specific RRFs seems straightforward.
However, in practice, the process may turn out to be tedious and cumbersome;
especially if a large number of sites need to be evaluated, and for different years. The
greatest difficulty may be that the number of days used for the calculation of the RRF for
each site may vary. The days used for each site in the future year must match those
used in the base year. Because the selection of these days is based, in part, on model
performance statistical measures, it may be necessary to do much of this work by hand.

Another problem that is almost certain to arise is that for some sites either the model
performance or the observed and simulated concentrations will fail to meet the
recommended guidelines on all of the available episode days. This may result in
situations wherein the day of the peak ozone concentration is not used in the calculation
of the RRF and days with lesser concentrations are. The risk is that if the episode and
simulation results do not adequately represent high ozone concentrations at a site, the
simulation results may overstate the emissions reductions necessary to reach
attainment for the ozone air quality standards due to the model’s relatively limited
response to controls at lower concentrations. In addition, the process of estimating a
future year design value at an unmonitored peak location will always be subject to great
uncertainty.

Some of the above difficulties may be avoided if a more simple and straightforward
approach was used. For example, an RRF could be calculated from the base- and
future-year sub-regional maximum 8-hour daily maximum ozone concentrations. The
RRF could then be multiplied by the maximum design value within the control district or
attainment area. This would deviate from the USEPA (2005) guidelines in a number if
respects. But, it would greatly simplify the required calculations. A lot more study of
this approach would be necessary to understand the implications of such an
approximation. This would also have to be vetted with the EPA.

F.3 FUTURE YEAR RESULTS
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This chapter presents draft base year design values and describes the future year
design values and carrying capacity results contained in the Appendices.

F.3.1 Base-Year Design Values

Section 1 discusses a proposed approach for calculating future year design values.
Based on this recommended approach, Table F-4 presents the results of base year
design value calculations for the San Joaquin Valley. These values are preliminary and
are subject to review and change.

Table F-4 San Joaquin Valley Design Values for 2002-2004 (Preliminary)

Site 8-Hour Ozone Design Values
2002 | 2003 | 2004 | 2002-04 Avg.

Fresno County
Clovis - N Villa Avenue 106 103 95 101
Fresno - 1st Street 105 106 102 104
Fresno - Sierra Skypark #2 115 111 104 110
Parlier 110 111 104 108
Kern County
Arvin - Bear Mountain Blvd 112 115 116 114
Bakersfield - 5558 California Avenue 100 100 97 99
Bakersfield - Golden State Highway 98 98 94 97
Edison 106 104 101 104
Maricopa - Stanislaus Street 99 99 96 98
Qildale - 3311 Manor Street 100 99 98 99
Shafter - Walker Street 95 96 92 94
Kings County
Hanford - S Irwin Street 99 95 93 96
Madera County
Madera - Pump Yard 91 93 89 91
Merced County
Merced - S Coffee Avenue 101 102 102 102
Stanislaus County
Turlock - S Minaret Street 95 96 94 95
Tulare County
Visalia-N Church Street | 100 | 99 | 95 | 98

F.3.2 Future Year Design Value and Carrying Capacity Estimates

Data processing programs are used to generate reports from modeling results to
illustrate future year design values and carrying capacities. These reports are
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generated for each 8-hour ozone non-attainment monitoring station following the
methodology described in section 1. For illustration purposes, this section discusses
the information contained on a sample report page (Figure 2). The Appendices contain
future-year-specific results for specific years in the same form as the sample format.

Report Header. At the top of the report, four header lines provide a variety of
information, including the subject future year (2020), the station (site) name, the
associated sub-region (per Figure 1, Chapter 1), and the 8-hour ozone design value for
the USEPA-defined baseline year of 2002 (114 ppb) from Table 2, shown previously in
Section 2.1).

Report Table. The mid-section of the report contains a table with 8 rows: a header row,
plus 7 rows of information. For specific episode days (columns), this table contains a
pass/fail summary of sub-regional model performance results for the site (row 2), a
variety of concentration data (rows 3-7), and a yes/no assessment as to whether the
station data are useable in the RRF analysis (row 8). A “-99” value in rows 3-7 indicates
that acceptable data are not available. The purpose of each row is described below:

= Row 1: Header. Columns represent episode days via two digit year followed by
three digit day-of-year, or Julian day.

= Row 2: Performance Status: This line lists the model performance status for
each of the episode days. The model performance status is a pass/fail
designation as to whether the model performance for the sub-region within which
the monitoring station is located meets both the 1-hour and the 8-hour statistical
model performance criteria, per Section 1.1.3 and the Volume 1 report. Per the
Figure 2 report header, Arvin is located in Region 8, Southern San Joaquin
Valley.

= Row 3: Peak Observed 8-hour Ozone. These data represent the peak,
measured 8-hour ozone concentrations at the Arvin station for each specific day.
These 8-hour ozone concentrations need to be above 70ppb to be used in the
RRF calculation (U.S. EPA guidance recommends excluding days with
concentrations less than 70 ppb from RRF calculations to avoid a strong RRF
dependence on the predicted baseline maximum concentrations).

= Row 4: Peak Simulated 8-hour Ozone. These are the model-simulated, peak
8-hour ozone concentrations occurring in the modeling grid cell within which the
station (Arvin in this case) is geographically located. Per Section 1, simulated
concentrations must be 85ppb or greater to be used in the RRF calculation.

= Row 5: Peak Simulated 8-hour Ozone within 15km. These values represent the
model-simulated, daily 8-hour peak ozone concentration within 15 km of the site
for the base year of the modeling. Per Section 1.1.3, these concentrations must
be 85 ppb or greater and within £ 20% of the observed value at the site.
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Figure F-2 Sample Report Page for the Arvin monitoring site

Year: 2012 Model: CAMX/MM5/SAPRC99
Sitee ARV - Arvin Stn Subregion: 8 Baseline Year Design Value: 114 ppb
Episode Days 99190 | 99191 [ 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Fail Fail Pass Fail Pass | Pass | Pass Fail
Peak Observed 8-hour Ozone 102 109 92 54 70 -99 -99 93 105 98
Peak Simulated 8-hour Ozone 84 91 89 76 81 88 91 94 88 81
Peak Simulated 8-hour Ozone within 15 km 94 95 91 82 86 92 94 95 91 89
Baseline Y ear 15-km, 8-hour Average Ozone 93
Future Y ear 15-km, 8-hour Average Ozone 87 88 85 80 83 87 88 90 86 86
Usein RRF Analysis? No No No No No No No Yes Yes No
82 84 86 88 100 102 105 108
\ 70\5
80 82 8a  S9gs 97 99 102 104
76 78 80 81 93\95\ 9597 99
—
72 73 74 75 87 89 90 92

98

90
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= Row 6: Baseline Year, 15km, 8-hour Average Ozone. This represents the
average of the Row 4 values for which the data are useable in RRF analyses
(per row 8). For Arvin, since row 8 indicates that only days 00213 and 00214 are
usable, 93 ppb is calculated from the average of 95 ppb and 91 ppb.

= Row 7: Future Year, 15km, 8-hour Average Ozone. This represents the
average, future-year simulated concentrations within 15 km of the site.

= Row 8: Use in RRF Analysis? This YES/NO field represents whether data for
the days can be used in calculating the RRF. As indicated in Section 1.1.3 and
in the row descriptions above, the criteria for selecting which days will be used in
the RRF calculation include an assessment of sub-regional model performance
as well as concentration thresholds for observed and simulated 8-hour ozone
concentrations. That is, In addition to meeting model performance criteria, the
observed base-year ozone concentration must be 70 ppb or greater and the
maximum simulated ozone concentration for the year 2002 must be 85 ppb or
greater.

RRF Calculation Example. Of the 10 available episode days reported in Figure 2 for
Arvin, six of the days fail to meet the 1-hour and/or the 8-hour model performance
criteria ('99190', '99191', '99192', '99193', ‘00211’, and '00215'). Of the four remaining
days, day '99194' cannot used because the observed and simulated (rows 3-4) 8-hour
ozone concentrations were too low and day '00212' cannot be used because observed
concentrations are missing (-99 in row 3). Therefore, of the 10 days simulated, the
simulation results from 2 days are used in the RRF calculation: days '00213' and '00214'
(per row 8). Per Section 1.1.4 the sample RRF for Arvin, without a background offset, is
calculated as follows:

AVE = ((90+86)/2) / ((95+91)/2) = (88/93) = 0.95

Also per Section 1.1.4, with a 40 ppb background offset, the RRF is calculated as:

FY -BG
RRF = (J = (88-40)/(93-40) = 0.91
A6 (BY -BG), e

Reported Design-Value-Based Carrying Capacity Diagrams. The lower half of the page
for each report contains four design-value-based carrying capacity diagrams. These
diagrams are intended to characterize the effect of domain-wide emission changes on a
design value, based upon multiple model simulations. The diagrams are based on
model response to 16 future year emission scenarios for which baseline, domain-wide
NOy and ROG emissions for the 2020 future year are scaled by factors ranging from 1
to 0.4 in increments of 0.2 (i.e. 20% NOy and/or ROG reductions at a time).
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The two diagrams on the left side of the report page are the same, and are based on
the average of the “Future Year 15-km, 8-hour Average Ozone” values reflected in row
6 of the report table, for those days that meet all the criteria for RRF application.
However, no RRF is applied. Thus the future year design value indicated at the top
right of each diagram is calculated as follows:

DVE = (90 + 96) / 2 = 88 ppb

The two diagrams on the right incorporate RRFs, without consideration of background
ozone (top diagram) and with consideration of background (bottom diagram). The
future year design value indicated at the top right of the top diagram on the right is
calculated as follows, using the RRFs discussed above:

DVr = (RRFayc) x (DVs) = 0.95 x 114 ppb = 108 ppb

Similarly, the future year design value indicated at the top right for the bottom right
diagram is calculated as follows, using the background-adjusted RRFs discussed
previously and equations in section 1.1.4:

DV = [(RRFave) X (DVg — BG)] + BG = [0.91 x (114 — 40 )]+ 40 = 107 ppb

Note that this value is 1 ppb lower than the value in the bottom right diagram. This is
due to round-off, since the RRF values are calculated using actual model outputs with
many significant digits.

F.4 ANALYSIS OF MODEL-SIMULATED, UNMONITORED PEAKS

This information will be available in future ARB documentation.
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F.5 FUTURE YEAR, 2020 CARRYING CAPACITIES

Year: 2020 Model: CAMXMMS/SAPRC99

Site: 3484 - Sequoia & Kings Canvon Subregion: 11 Baseline Year Design Value: 105 ppb

Episode Davs 90190 090192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215

Perfomn e Status Fail Pass Pass Pass Pass Pass Pass Pass Fail

Peak Observed 8-hour Ozone Of o4 a0 g1 -08 -G8 -8 -9 -00

Peak Simulated 8-hour Ozone 72 50 66 a9 85 83 87 83 79

Peak Simulated 3-hour Ozone within 15 km o1 68 73 71 8¢ 02 a8 00 03

Baseline Year 15-km, §-howr Average Ozone se

Future Year 15-km, 8-howr Average Ozone 73 68 61 63 54 73 77 81 §1 70

Use in REF Analvsis? No No No Na No No No No No No

ARB/PTSD -1- 01/12:07
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Year: 2020 Madel: CAMXMMS/'SAPRCI9
Site: ARV - Aruvin Stn Subregion: 8 Baseline Year Design Value: 114 ppb
Episode Days 901900 | 99191 | 99192 | 99193 | 99194 | DO211 | 00212 | 00213 00215
Perfor ce Starus Fai Fail Fail Fail ass Pass Pass Fail
Peak Obzerved §-hour Ozone 102 109 92 4 -6o 93 a8
Peak Simulated 8-hour Ozone 84 0 88 76 08 103 88
Peak Simulated 8-hour Ozone within 15 kin o4 o4 a1 81 103 106 G8
Baseline Year 15-kin, 8-howr Average Ozone
Future Year 13-lun. 8-hour Average Ozone 78 70 78 76 83 a3 S7 a2
Usze in RRF Analvsis? No No No No No Yes Yes No
Without RRFs With PRFs
Offset = 0 ppb Offset = 0 ppb
APRY Average 15-km Concentration {ppb) ARV FY Design Valuelpphb)
2 555, 87 89 a0 = 95 6 9§ 104
5
?; =1 82 84 “8h .88 J T 81 93 94 85
i Sj -1 78 78 80 81 56, |5 5% 89
S 72 73 73 74 3 50 50 &1 §1
o - o~ -
<« <
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 og 1.0
POG BROG
Without RAFs With PRFs
Dzt = 40 ppb Ctiser = 40 ppb
ARV Averag centration {ppb) ARV FY Design Value{ppb
b= 8555 8 89 20 24 93 9565 97 99
hat g2 84 U85 86 = 90 a1 a3 94
-1 78 79 80 a1 B85ES a8 87 §8
& 72 73 73 74 = 78 78 79 79
o ] -
oy
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 c.2 0. 0.6 0.8 1.0
ROG ROG
ARB/PTSD - 01/12:07
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Appendix F:

Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020 Madel: CAMX/MMS/'SAPRC99
Site:  BAC - Bakersfield Stn (5358 C Subregion: 8 Baseline Year Design Value: 99 ppb
Episode Davs 00100 | 90101 | 00102 | 00193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Fail Fail Pass Pass Pass Pass Pass Fail
Peak Obzerved 8-hour Ozone o4 a7 97 51 72 5] 87 84 03 107
Peak Simulated 8-hour Ozone 77 76 77 73 76 56 50 87 87 Q2
Peak Simulated S-hour Ozone within 15 km 84 85 83 70 82 100 104 100 04 100
Baseline Year 13-km, S-howr Averagze Ozone oa
Future Vea an, §-hiour Average Ozone 73 74 74 75 78 56 oG ag 54 a4
Use in REF Analvsis? No No No No Na Yes Yes Yes Yes No
Without RRFs With PRFs
Offsst = 0 ppb Offser = 0 pph
BAC Awverags 15-km Cencentration {pab) BAC FY Design Valuelpph)
= 83 84 . 86 87 e 82 84 §5-..._ . 86
— N a5
85
& 80 8 52 83 = 79 80 §2 §3
76 77 77 78 - 75 76 77 77
S 70 70 7 7 = 68 68 70 70
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
POG ROG
Without RRFs With PRFz
Offset = 40 ppb Cifiser = 20 ppb
BAC Average 15-km Conc ation {ppb| BAC FY Design Value{pp
= - 83 84 . 88 87 = - g2 84 87
s 80 a1 82 a3 g 79 80 g2 83
78 77 77 78 - 75 76 77 77
& 70 70 7 7 . 69 69 70 70
o e
o LA
T T T T T T T T T T
g.2 0.4 0.8 0.8 1.0 0.2 0.4 0.6 0.8 1.0
[=Tale] ROG
ARBPTSD -3- 01/12/07
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2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

2020
BGS - Bakersfield Sm (1128 G

Year:
Site:

Model:

CAMXMMS/SAPRCO9
8 Baseline Year Design Value:

Subregion:

96 ppb

Episode Davs

09190

99101

00102

09194

00211

00212

00213

00215

w
[ B=}
[=]

Performance Status Fail Fail Fail ail Pass Pass Pass Pass Pas Fail
Peak Observed 8-hour Ozone a1 o3 03 50 88 08 02 78 a3 101
Peak Simulated 8-hour Ozone 70 74 72 54 70 78 86 S0 81 34
Peak Simulated 8-hour Qzone within 13 km a0 o1 87 81 &84 g 101 102 a3 Qo
Baseline Year 15-km, S-hour Average Ozone oo

Future Year 13-km. 8-howr Average Ozone 78 78 ] 76 70 87 S8 02 4

TUse in REF Analvsis?

Yes

Yes

Ves

With PPFs
Ofizet = 0 ppb

BGE Awerage 15-km Cane 3 BGS FY Design Valus(ppb)
Z - 82 84 .86 87 = 80 51 53 84
e 80 81 83 84 2 77 78 80 1
e FT7 8 i) ~ 73 4 75 78
S 70 70 7 7 = - 67 65 63 68
. o
fed L]
T T T T T T T T T T
9.2 0.4 0.6 0.8 1.0 2 0.4 1 g 1.0
ROG RCG
Wit AFs With BRFs
Oifset = 40 ppb Cifiser = 40 ppb
BGS Awrage 15-km Concentration {pob} ign Yalue{ppbi
s 80 8 83 B4 s 77 79 50 1
78 77 78 Ta - 73 T4 75 TE
i: n 7a 70 71 7 .,: 1 B3 Eg G5 69
o fat
& o
T T T T T T T T T T
0.z 0.4 a6 0.8 1.3 [ .4 0.8 0.8 1.0
ROG RBOG

ARBPTSD
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Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan




San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020

Site:

CLO - Clovis Stn (908 N Villa

Model:

Subregion:

CAMXMMS/'SAPRCO9

Baseline Year Design Value:

101 ppb

Episode Davs

99100 | 99191

90103 | 99194 | 00211

00213

00214

00215

Performance Status Pass Pass 35 Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-howr Ozone o4 i) 122 104 98 a8 o6 02 oo
Peak Simulated 8-howr Ozone 81 § 03 100 86 as 03 oo 111
Peak Simulated S-hour Ozone within 15 kim 88 o3 101 103 80 102 oo 1035 112 118
Baseline Year 15-km, S-howr Average Czone 103
Furure Year am. S-howr Average Ozone 79 80 54 83 74 86 54 a0 02 a7
Use in REF Analvsis? Yes Yes Tes Tes No Yes Yes Yesg Yes Yes
Without RRFs With PRFz
ffset = 0 ppb Cffset = 0 ppb
CLC Awsrage 158-km Cancentration {ppk) CLO FY Design Yalusjpob)
2 82 83 85 86 - 0 82 83 85
3 78 79 81 82 76 78 79 80
73 74 8 75 1 72 73 74
5 &8 57 87 67 = 65 65 65 56
o v
[ Do
T T T T T T T T T T
2.2 0.4 0.8 0.8 1.0 0z 04 0.5 0.8 1.0
POG RCG
With PRFz
Oifiser = 40 ppb
entration {ppbi} CLO FY Design Valus{ppb}
- a2 83 B g 86 i 80 52 53 55
tv}
o 78 79 81 a2 2 76 78 79 80
73 74 75 76 72 73 73 74
= &6 57 &7 &7 = 65 65 66 66
’u! . fAt .
oa o
T T T T T T T T T T
0.z 0.4 0.6 0.8 1.0 0.2 0.4 0.8 0.8 1.0
ROG ARG

ARBPTSD

01/12:07
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Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan




San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020

Site:

EDS -

Moaodel:
Subregion:

Edison Stn

CAMXMM3I/'SAPRCH9
Baseline Year Design Value:

103 ppb

Episode Days

99191

99192

99193

00104

00211 | 00212

00213

00214

9
nce Status Fail

P a1l Fail Fail Pass Pass Pass Pass Pass Fail
Peak Observed 8-hour Ozone Q3 a7 04 46 71 105 oo 06 103 113
Peak Simulated 8-hour Ozone 88 87 81 7o 3 04 a2 a1 88 Q8
Peak Simulared S-hour Ozone within 13 km o4 o4 a1 81 86 100 104 106 03 100

Baseline Year

L 5-km, 8-hour Aver

age Ozone

(=]

Future Year 15-lim. 8-hour Average Ozone 79 79 78 76 7a 87 Qg 03 54 04
Use in REF Analvsis? No No No Na Tes Yes ey Yes Yes No

Without RRFs
Ottset = 0 ppb

EDS Awerags 15-km Concentration {ppb

With RRFs
Offser = 0 ppb

D8 FY Design Valus{pph)
g

24 82 83 85~ , 86 24 6 87 89 90
a5 S
s 79 80 82 83 & §3 84 B5-. §7
5 76 77 8 79 &0 &1 §2
& 70 70 7 71 & 73 74 74 75
(<] o
'.FI: 1 [ 1
T T T T T T T T T T
0.z 0.4 0.6 0.e 1.0 0.2 04 0.6 0E 1.0
ROG BOG
Without RRFs With PRFs
Offast = 40 ppb Ofizer = 40 ppb
EDS Awerage 15-km Concentration {ppb) EDS FY Design Value{ppb)
o [
- 83 §8-., ﬁ;“&i e 5‘?15:\ 87 80
et 79 30 82 33 & 52 54 = 58
75 76 77 78 ] g 79 g0 a1
& 70 70 71 7 o ] 72 73 73 74
(a8 "
o Tl Sha
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.5 0.8 1.0
POG RCG

ARBPTSD

01/12/07
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Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020
Site:  FSD - Fresno Stn {Drummond)

Model:
Subregion:

CAMXMMS/SAPRCOS
Baseline Year Design Value:

b

102 p,

Episode Davs 00100 | 90101 | 00192 | 90103 | 00104 | DD21]1 | 00212 | DO213 | BO214 | DO21S
Performarnce Status Fass Pass Pass Pass Fail Pass Pass Pass Passy Pass
Peak Observed 8-hour Ozone 54 94 107 23 o1 o1 93 85 34 91
Peak Simulated 8-hour Ozone 51 24 101 82 76 89 98 97 97 106
Peak Simulated 8-hour Ozone within 15 km 58 94 101 101 87 102 100 1035 109 117
Baseline Year 15-km, 8-hour Average Ozone 102
Future Year 15-km. 8-hour Average Ozone 79 30 24 24 72 86 g4 i) S0 96
Use in REF Analysis? Yes Yes Yes Yes Nao Yes Yes Yes Yes Yes
Without BRFs With RRFs
ifset = 0 pphb Offset = 0 ppb
FSD Awerage 15-km Concentration {ppb} FSD FY Design Value{ppbi
S 78 79 80 & 2 79 80 &1
Q 73 74 75 75 b 72 73 74 75
-+ -+
< §8 68 a7 57 = 85 86 86 67
od od
= =
T T T T T T T T T T
0.2 0.4 0.5 0.8 1.0 n.2 0.4 0.6 0.8 1.0
ROG ROiE
Without BRFs
Cifset = 40 peh
FED Awerage 15-xm Concentration {pph) FSD FY Design Valuelppb)
= g1 a3 5 g6 = &1 a3 84 .88
S 78 79 80 a1 S 77 79 80 @1
25 3 4 7 75 S8 72 3 74 75
I 65 56 57 &7 I 85 86 S 87
o o
= T T T T R T T T T
0.2 0.4 0.4 a8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
ARB/PTSD -7- 01/12/07
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Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Aodel: CAMX/MMS/SAPRCO99
Site:  FSF - Fresno Stn (3425 Furst Subregion: 7 Baseline Year Design Value: 104 ppb
Episode Days 00100 | 00101 | 00102 | 00103 | 00104 | Q0211 | 00212 | 00213 | 00214 | 00215
Performance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone -99 -09 -9% -99 -99 98 o5 97 95 98
Peak Simulated 8-hour Ozone 78 82 Gt 28 79 88 95 Q6 G4 104
Peak Simulated 8-hour Dzone within 15 km 83 92 101 103 29 100 GG 104 105 116
Baselhine Year 15-km. 8-hour Average Ozone 105
Future Year 15-km 8-hour Average Ozone 78 79 24 25 73 B6 a4 90 88 96
Use in RRF Analysis? No No Na No Na Yes Yes Yes Tes Yes
Without BRFs With RRFs
Offset = 0 ppb Offset = 0 opb
FSF Average 185-km Concentration {pph} FSF FY Design Valuelpph)
2. 84 .86 58 59 2 - 53 §585 a6 88
&0 4 ) SJ o« 4
S 80 82 83 84 & 79 81 a2 a3
- 75 75 77 78 T4 75 76 rrd
= 88 59 6% 70 ; 7 87 88 L] €a
o e
o o
T T T T T T T T T T
0.2 0.4 0.5 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
Without RRFs
Offset = 40 pph
FSF Awerage 15-km Concentration {ppb} FSF FY Design Value(ppb)
a0 O
g &0 82 85 84 - 74 1 52 83
1 78 76 77 78 74 78 78 77
:S I 88 63 5% 70 ; ] B8 it 58 ga
i o _|
<o T T T T S T T T T
0.2 0.4 0.5 4.5 1.0 0.2 04 06 0.8 1.0
ROG ROG
ARB/PTSD -8- 01/12/07

Appendix F-22 Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year:
Site:

- Fresno St (Sierra Skyp

Model:

Subregion:

CAMX/MMS/SAPRCO9
. Baseline Year Design Value:

110 ppb

Episode Days 09190 | 99101 | 99192 | 09103 | 99194 | 00211 | DO212 | 00213 | 00214 | 00215
Performance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone 76 78 R GO 59 103 100 104 110 106
Peak Simulated 8-hour Ozone 82 g4 86 37 30 88 893 98 94 103
Peak Simmlated 8-hour Ozone within 15 km g2 84 101 59 29 92 93 103 98 109
Baseline Year 15-km, 8-hour Average Ozone 98
Future Year 15-km 8-hour Average Ozone 75 74 24 24 T4 83 84 a0 83 94
Use i RRF Analysis? No Yes Yes WNao No Yes Yes Wes Yes Yes
Without RRFs With ARFs
Offset = 0 ppb Offzet =0 pph
FSS Awe e 15-km Concentration (ppb) F88 FY Design Value{ppb)
p 80 82 as o 91 93 94
e 77 78 79 80 3 - §5-- 88 §9
- 72 73 74 74 = 80 1 g2 83
-t . - -
= 65 68 66 87 o 73 73 74 74
’“j Z'\{ -
T T T T T <o T T T T
0.2 0.4 Q.5 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
Without ARFs With RRFs
Offset = 40 pob Oifset = 40 ppb
F35 Average 15-km Concentration (ppl) F35 FY Design Valuelppbl
p 80 82 EX] 85 = 8 g0 91 93
-1 72 73 74 74 - 78 79 80 81
Z 85 86 86 87 2 70 71 71 71
o o |
<o T T T T o T T T T
0.2 0.4 0.5 0.8 1.0 o2 0.4 06 0.8 1.0
ROG ROG

ARB/PTSD

G-

01/12/07
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Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Model: CAMX'MMS/'SAPRCO99
Site: HAN anford Sta (Irwin St) Subregion: 7 Baseline Year Design Value: 95 ppb
Episode Davs 00100 | ¥010] | 90102 | 00103 | 90104 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Pass Pass ass Pass Fail Pass Pass Pass Pass ass
Peak Observed 8-hour Ozone 90 94 105 o4 97 92 89 326 102 105
Peak Simulated 8-hour Ozone 79 74 77 82 82 84 94 96 98
Peak Sinmmlated 8-hour Ozone within 15 km 82 75 80 23 87 93 104 99 99
Baselme Year 15-km, 8-hour Average Ozone 96
Future Year 15-km 8-hour Average Ozone 70 54 63 71 G5 71 77 86 82 54
Use in RRF Analvysis? No No No Na Na Yes Yes Yes Yes Yes
Without RRFs With BRFs
Cifset = O ppb Offizet =0 opb
HAN Averages 15-km Concentration (ppb) HAN FY Design Valusipphk)
2 75 78 &0 24 75 76 78 79
o | 73 -4 75 76 & 4 72 73 73 74
1 88 2] 70 70 &7 88 &8 89
:rx T 62 G3 83 83 T 7 81 81 62 &2
c | N
=4 T T T T T T T T T
0.2 0.4 0.8 0.5 1.0 0.2 0.4 0 0.8 1.0
ROG ROG
Without ARFs With BRFa
Offset = 40 peh Offset = 40 ppb
HAN Average 15-km Concentration {ppb) HAMN FY Design Valusipplk)
2 78 78 &0 = 75 77 78 79
= 73 74 75 78 S 72 73 74 74
88 3] 70 70 87 ge 88 ]
tr . 82 63 43 63 I n 81 82 62 g2
o
o]
T T T T T T T T T T
0.2 0.4 0.5 Q.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
ARB/PTSD -10- 01/12/07

Appendix F-24 Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Model: CAMX/MMS/SAPRCO9
Site: LMK - Mineral King Lookout Po  Subregion: 11 Baseline Year Design Value: 103 ppb
Episode Days 001900 | 99101 | 99192 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Pass Pass Pass Pass Pass Pass Fail
Peak Observed 8-hour Ozone 102 104 57 a7 96 98 82 -99
Peak Simulated 8-hour Ozone 71 63 59 67 78 23 T 74
Peak Simulated 8-hour Ozone withan 15 km 90 78 G7 71 a1 26 93 58
Baseline Year 15-km, 8-hour Average Ozone 92
Future Year 13-km. §-hour Average Ozone 72 68 G 63 G 72 T 79 T8 76
Use in RRE Analysis? No No Na Na Na Yes Yes Yes Yes No
Without ARFs With RRFs
Offset = 0 ppb Offset = 0 ppb
LMK Averages 15-km Concentration {pph) LMK FY Design Valusipph)
= 74 75 78 76 2 52 83 54 85
o0 o
o= 70 71 72 72 = 7] 78 79 a0 50
g8 87 67 57 58 - 74 74 75 75
5 64 64 54 54 I 71 71 71 71
o o]
o T T T T o T T T T
0.2 0.4 0.8 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
Without BRFs With BRFs
Offset = 40 peb (Crifget = 40 ppb
LMK Average 15-km Concentration {pph| LMK FY Design Valusippb)
24 74 75 78 76 = 50 81 53 34
i 70 71 72 72 . 78 77 - 78
- &7 &7 &7 68 — 72 72 72 73
s 84 -2 84 84 =4 g0 g9 g0 20
| o |
o T T T T C T T T T
Q.2 0.4 0.5 0.8 1.0 0.2 0.4 0.8 0.2 1.0
ROG ROG
ARB/PTSD -11- Q1/12/07

Appendix F-25 Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: M0 Yndel: CANMM MM SAPRCHS
Shre: M- Madera Smi29 12 Mo Sailer egiai: T Baseline Year Design Value: 21 ppb
| Episesle Mayva SR100 | S0]e) | 0910t | 0103 | BO104 | D03D] | 00E13 | OOXLD | D004 | AE1S
Parformance Stams Pasg Pass Pams Pass Fail Pazs Pasz Pass Pazs Pass
Peak Observed 2-bonr Oxone 74 Bl 52 =9 95 Tl an a5 24 &0
Peak Sanvalwied &-hoor Orone E1 E -2 ] E -] £8 44 Gl a7
Pezk Eml.'ll.ilﬂa B-hovar Deeae watknn 1.5 ken B3 BT 385 E9 BS 29 23 102 Eird 105
Basehoe Year | 5-km. 8-howr Average Orzone bk
Future Vear | -k, 8-hoan Average oo T3 73 T4 Th 74 T4 T8 R 11 k9
Use in EEF AmbmisT o Ve i3 Yoz Ho Yy Mo Mo Wiy e
Withoart ARF Witk AFAFa
Cftset = 1§ pb Ofset = 0§ ppb
M2F Vrage 15k Coscentealion [ppb| M2F F¥ Dasign Viakas|pps)
24 ] 6 FE ] 24 73 78 ™ ™
= il 72 ¥ 4 = M o] T 2
i =5 L LE} L L g = [} 14 =3 i
& 1 B1 g1 # = 1 =0 80 B0 0
od o =
= o
1 ] 1 | ] I ] ] ]
(1] 3.4 aE [iF-] 1.0 02 &4 Ll /-] 1.0
POy P
W& ihiesi FPFs With RFFs
Ot = 4 ppb et = 4] ppb
MBS Avwerage 15 b Cosoerm:alun |ppb) M35 FY Design ' abos| pps)
= 5 76 v 78 =4 T3 72 75 78
= b 72 3 74 = 0 4 b3 ric)
é = - & ] [ 7] E 2 L " - ¥
= 1 # 1 &1 i =5 1 &0 &0 B 0
] |
=4 T T T T = T T T T
(1] 3.4 aE 1 1.0 1] &4 Ll /-] 1.0
PG P
AR PTS0 =12- QLT
Appendix F-26 Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Model: CAMX/MMS/SAPRCYS
Site:  MCS - Maricopa School/Stansl Subregion: 8 Baseline Year Design Value: 92 ppb
Episode Days 90190 | 90101 | 90192 | 00103 | 99104 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Fail Fail Pass Pass Pass Pass Pass Fail
Peak Observed 8-hour Ozone 37 81 24 57 61 a3 91 26 77 10
Peak Simulated 8-hour Ozone 78 77 74 71 73 g3 85 g8 20 90
Peak Simulated 8-hour Ozone within 15 km 80 77 76 T4 74 87 91 o0 a1 94
Baselme Year 15-km. 8-howr Average Ozone 90
Future Year 15-km. 8-hour Average Ozone aa 87 G7 67 a7 73 I 74 a0 81
Use in RRF Analysis? No No No No No Tes Ves Yes Yes No
Without RRFs With RRFs
Offset = 0 ppb Offget = 0 ppb
MOS Average 15-km Conceatration {pehbi MCS FY Design Valus(oph)
= 78 77 78 2 g2 83 84 84
=4 72 73 74 74 = 70 79 80 81
— 6% 70 70 70 75 75 76 B
2 85 65 65 85 S 70 70 71 71
e g o~
e T T T T ol T T T T
0.2 0.4 0.8 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
Without ARFs With RRFs
Cffset = 40 ppb Cffset = 40 ppb
MOS Average 15-km Concentration [pphb) MCE FY Design Valus(ppb)
2 75 76 77 78 2 81 92 83 53
g 72 73 74 74 = 77 78 79 &0
. 59 70 70 70 73 74 74 75
25 85 85 85 85 3 &8 €0 B9 89
o o
<o T T T T o T T T T
a0z 0.4 0.8 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
ARB/PTSD -13- 01/12/07

Appendix F-27 Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Model: CAMX/MMS/SAPRCY9
Site:  MRA - Merced Stn (385 S Coffe  Subregion: Baseline Year Design Value: 101 ppb
Episode Davs 00100 | 00101 | 90102 | 00103 | V0104 | DO211 | 00212 | DO213 | 00214 | DO215S
Performance Status A58 Pass Fass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone 97 106 1132 116 117 99 28 97 103 112
Peak Simulated 8-hour Ozone 83 91 29 114 80 28 77 97 102 G2
Peak Simulated 3-hour Ozone within 135 km 90 98 G2 115 24 92 ] 103 103 99
Baseline Year 15-km, 8-hour Average Qzong 99
Future Year 15-km, §-hour Average Ozone 78 84 74 S0 72 78 72 85 87 83
Use in RRE Analvsis? Yes Ves Ves Yes No Yes No Yes Yes Yes
Without BRFs With BRFs
Crfset = 0 ppb Offzet = 0 ppb
MPA Averags 15-km Concentration {pphl MPA FY Design Valueippb|
2 79 B0 a1 82 24 50 1 a3 54
S 75 78 77 78 & 1 76 77 78 70
N 70 71 72 72 N 71 72 73 73
2 64 64 64 85 3 85 85 85 85
. o
< T T T T B T T T T
0.2 0.4 0.5 a8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
Without BRFs With BRFs
Cffset = 40 pgb Offset = 40 ppb
MPBA Average 15-km Concentration {ppb) MPA FY Design Valueippb!
= 79 80 &1 a2 = 50 a1 52 3
= 75 78 77 78 37 76 7 8 ™
g 70 71 72 72 - 71 72 72 73
3 84 54 84 85 & 84 64 85 85
o o |
e T T T T T T T T T
0.2 0.4 .8 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
ARB/PTSD -14- Q1/12/07

Appendix F-28 Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: MM Miodel: CARMN MM SAPRCOS
Sive;  OLD - Crldale Sm (3311 Manoes by e gian: g Baseling Year Deskgn Valie: 99 pph
H‘I P10 | #0131 | 0210E | 3103 | #0104 | 00211 | 0a@E12 | 0213 | 00204 | (HRX1S
Perbormnanict SEifiis Finl Faul Faal Fianl Pass Fasd Paii Pas Pask Faal
Peak Obserred S-bour Orone w2 w3 % 50 7 bt &5 Bl ] 103
Peak Sapmalied 3-henog QFane 77 77 TE 72 78 33 7 1] A& 21
Peak Samalated B-hour Ozone withon 15 km E7 B 23 7B B3 ) @7 ' H [ wE
Baselme Year 135-km, §-bour Average Ozomne 4
Future Vear 15-km. §-bowr Average Ozone T4 Tt T5 75 T Jita] A B7 gl 4
Use in REF Analysis™ Mo i Mo T Mo Vs ¥ es Yes Vs Mo
'l ithcal ARFz wirtk FUAF e
Ciflaet = O peb Ofset = 0 peb
OLD Avesiges Db ComEminas s (pph| LD FY Degags Waliss{pgdi
24 e B2 87 = =4 Sl = o
TAs
=1 i 78 B 52 31 ] 57 B - 58
§ - b 74 5 " § a2 78 7o B0 &
a & 1 ] 7 3 72 ] T T
-1 2
- T T T T T o T T T T T
o2 da ] /-] 1.0 (1] [ ] 0.& 1] 1.0
Py Paly
Wihingi FPF g Witk FE g
CHse = 40 ppb SRyt = 40 pph
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San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020 Madel: CAMX/MMS/SAPRCO9
Site:  PLR - Parlier Stn Subregion: 7 Baseline Year Design Value: 108 ppb
Episode Davs 09190 | 99101 | 99102 | 90103 | 00104 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 2-hour Ozone 102 104 105 82 24 108 108 28 88 88
Peak Simulated 8-hour Ozone 93 59 28 30 77 96 101 107 107 103
Peak Simulated 8-hour Ozone withan 15 km 95 95 G7 39 80 100 101 108 116 112
Baselne Year 15-km, 8-hour Average Ozone 101
Future Vear 15-km. §-hour Average Ozone 50 &0 79 73 G8 84 a4 ElY] 94 G2
Use i RRF Analvsis? Tes Yes Yes Yes No Wes e Yes Yes Wes
Without BRFs With RRFs
Offset = 0 ppb Offset = 0 ppb
PLR Average 15-km Concentration {ppb} Design Value{ppb)
2 80 g1 83 g4 2 84 .86 88 89
o o 85
= 76 77 78 79 S 80 82 23 84
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o o
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o o
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2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 20290 ATndlel: CAMX MMSSAPRCIS
Site:  SHA - Shafier Sin (Walker St Subregion: B Baseline Year Design Value: 94 ppb
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020

Model: CAMX/MMS/SAPRCY9

Site:  SLK - Sequota Lower Keawah St Subregion: 11 Baseline Year Design Value: 100 ppb
Episode Davs 00100 | 99191 | 90192 | 09103 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Pass Pass Pass Pass Pass Pass Pass Fail
Peak Observed 8-hour Ozone 92 31 73 60 5 72 70 GG 61 54
Peak Sumnulated 8-hour Ozone 67 50 58 G3 67 81 77 80 78 75
Peak Simulated 8-hour Ozone within 15 km 54 74 G4 70 71 28 o0 Q4 a2 87
Baseline Year 15-lun, 8-hour Average Ozone 59
Future Year 15-km 8-hour Average Ozone &8 G4 G2 &2 G3 72 76 Ta 77 75
Use in RRF Analysis? No No No Nao Na Yes Yes Mo No No
Without BRFs With RRFa
Qifset = 0 pph Offset = 0 ppb
= 15-km Concentration {pph) SLK FY Design Valus(ppb)
@ = = - 74 24 7a 1 82 a3
= 55 9 &9 70 = 75 76 77 78
- g4 35 85 85 72 72 T2 73
2 64 Ga 64 54 I 71 71 e 71
g w
= T T T T = T T T T
0.2 0.4 0.5 0.8 1.0 0.2 0.4 0.8 (%) 1.0
ROG sc]
Without RRFs With RRFs
Cifset = 40 pph Offset = 40 oph
SLK Averags 15-km Concentration {pph) SLK FY Design Valus(ppb)
= 71 72 73 74 = 77 79 80 81
= 58 59 58 70 73 74 75 76
SR 8 85 85 85 69 70 70 70
2 84 6a 84 54 I 89 &9 8o &9
| o]
= T T T T = T T T T
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Model: CAMXMMS/SAPRCO9
Site:  TSM - Turlock Sta (900 § Mina Subregion: 9 Baseline Year Design Value: 95 ppb
Episode Days 00190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Pass Fail Pass Fail Fail Pass Fail Fail Fail Pass
Peak Observed 8-hour Ozone 73 80 91 G9 a4 91 73 24 91 108
Peak Simulated 8-hour Ozone 57 103 98 109 32 91 a0 95 102 98
Peak Simulated 8-hour Ozone within 15 km 91 108 112 114 GO 96 28 102 107 103
Basele Year 15-kim. 8-hour Average Ozone 101
Future Year 15-km §-hour Averape Ozone 55 91 S50 S0 79 83 20 87 92 88
Use i1 RRE Analysis? Yes No Yes No No Yes MNo No No Wes
Without BRFs With ARFs
Oifset = 0 ppb Offset = 0 ppb
TSM Average 15-km Concentration (ppb) SN FY Design V
2 82 84 §5__ 87 2 77 81
as
3 79 80 81 82 3 - 74 75 76
- 74 75 7e 77 - 29 70 7 72
~r -t
= 67 i3 69 89 = 7 63 84 84 83
™ o
=oh T T T T o T T T T
0.2 0.4 0.8 0.8 1.0 2 0.4 0.8 0.8 1.0
ROG ROG
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O 40 pph
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- 85
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B 74 75 7B 77 B 70 71 72 73
A 67 69 68 89 A 84 85 85 66
o o |
= T T T T < T T T T
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San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020 Model: CAMX/MMS/SAPRC99
Site:  VCS - Visalia Stin (Church St. Subregion: 7 Baseline Year Design Value: 98 ppb
Episode Days 99190 | 99101 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone 94 99 107 27 86 94 95 23 a0 94
Peak Simulated 8-hour Ozone 58 50 79 7 73 93 96 104 102 26
Peak Simulated 8-hour Ozone within 15 km 94 90 24 24 76 96 98 106 103 101
Baselne Year 15-km, 8-hour Average Ozone 99
Futurs Year 15-km. 8-hour Average Ozone 77 73 Fit 69 G7 78 81 87 26 84
Use 11 RRF Analysis? Yes Yes No Nao No Yes Yes Yes Wes ey
Without BRFs With RRFs
Offset = 0 pphb Offsct = 0 ppb
WIS Averags 15-km Concentration {pebl WCE FY Design Valus(ppb)
2 77 79 50 & = 76 78 78 50
3 74 75 76 6 = 73 74 75 75
- 69 70 70 71 - 88 89 B9 70
:: . 43 a3 83 63 S ] 62 62 B2 83
o | o~ |
e T T T T i T T T T
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VS Averages 15-ke Concentration {pphbl WOS FY Design Walusipph)
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San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2020

Model:

CAMX/MMS5/SAPRC99

Site:  WCM - Whate Cloud Mtn. Stn Subregion: 13 Baseline Year Design Value: 90 ppb
Episode Davs 090190 | 99191 00103 | 90104 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Pass Fail Pass Pass Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone 33 25 G1 75 79 72 66 108
Peak Simulated 8-hour Ozone 72 64 72 73 74 68 70 81
Peak Simulated 8-hour Ozone within 135 km 79 71 [ 73 77 72 20 92
Baseline Year 15-km, 8-hour Average Qzong
Future Year 15-km. §-hour Average Ozone G35 [s10] 55 G4 52 GE [ G5 [sls] 76
Use in RRE Analvsis? No Na No No No No No No No Yes
Without BRFs With BRFs
Orfset = 0 ppb Offset = 0 ppb
WOCM Aserage 15-km Concentration {pphbi WCEM FY Design Value(pehb)
s 75 75 75 76 Z 73 73 73 74
2 71 71 7z 72 e &0 59 70 70
1 a7 x 87 57 85 85 86 86
I 62 62 82 62 3 61 81 81 81
TJ _ \’\l'
= T T T T o T T T T
0.2 0.4 0.5 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROE
Without BRFs With BRFs
Offset = 40 pgb Offset = 40 ppb
WOM Average 15-km Concentration {pphi WOCM FY Design Valueipph)
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1 &7 a7 a7 87 85 8i5 86 g6
2 62 62 g2 52 it 8 g 81 61
’_“J. _ ;'ﬁ'
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Appendix F: Photochemical Modeling Support Documents
2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2020 Model: CAMX/MMS/SAPRCO9

Site:  YOT - Yosenute NP/ Turtleback Subregion: 10 Baseline Year Design Value: 89 ppb

Episode Davs 90100 | 99191 | 99192 | 99103 | 99194 | 00211 | 00212 | 00213 | 00214 | 0021
Performance Status Pass Pass Fail Fail Fail Fail Pass Fail Pass Fail
Peak Observed 8-hour Ozone -99 -99 -99 -99 -99 80 78 72 77 96
Peak Simulated 8-hour Ozone 63 §1 G54 G4 GO G7 G9 71 71 71
Peak Simulated 8-hour Ozone witlun 15 km 69 69 66 G4 63 73 73 82 78 78
Baselne Year 15-km, 8-hour Average Ozone 91

Future Year 15-km. 8-hour Average Qzone 62 &0 G6 G35 50 &8 70 T a7 59
Use in RREF Analysis? Nao No No Na No MNo No No No No
ARB PISD 22- 01/12/07
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

F.6 FUTURE YEAR, 2023 CARRYING CAPACITIES

Year: 2023 Model: CAMXMMS/SAPRCO9

Site: 3484 - Sequoia & Kings Canyon  Subregion: 11 Baseline Year Design Value: 105 ppb

Episode Days 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Perforn : Fail Fail Pass Pass Pass Pass Pass Pass Pass Fail
Peak Ob 111 94 90 81 -99 -99 -99 99 -99
Peak Su 1e 2 65 59 66 69 85 83 87 83 79
Peak Sunu one within 15 km 91 81 68 73 71 89 92 98 99 93
Baseline Year 15 hour Average Ozone 89

Future Year 15-km. our Average Ozone 73 67 [ G3 63 73 77 80 81 el
Use in RRF Analvsis? No No No No No No No No No No
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2023 Model: CAMX/MMS/SAPRCO9

Site: ARV - Arvin Sm Subregion: 8 Baseline Year Design Value: 114 ppb
Episode Davys 99100 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Fail Fail Fail Fail DPass Dass Pass Pass Pass Fail
Peak Observed 8-hour Ozone 102 109 92 54 70 -99 -99 93 105 98
Peaalk Sunulated 8-hour Ozone 84 G0 88 76 gl 95 98 105 95 a3
Peak Simulated 8-hour Ozone within 15 km 94 94 91 3l ES 99 103 106 99 93
Baseline Year 15-lan, S-hour Average Ozone 102
Future Year [5-km 8-hour Average Qzone 78 30 78 76 78 88 a0 o4 88 92
Use m BRF Analvsis? No No No No No No No Yes Wes No
Without RRFs
ARV Asverage 15-km Concentration {ppb)
= 86 g8 59 91 p 10¢
J 95
@ 83 84 a5 87 & - 92 93 o5 a6
- 78 79 50 81 87 88 89 an
I - §
«t &)
73 74 74 & 80 31 g1 82
ST T T T T = T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
ROG ROG
witn RRFs
Oftset = 40 ppd
ARV FY Design Valuepph)
2 94 96 a8 100
© ™ 95
= 80 92 93 95
- B85 88 0BT
86 _ 538 o 88
o 78 79 79 80
o _|
R T T T T
0.2 0.4 06 0.8 1.0
ROG

ARBPTSD -2- 02/22/07
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 202 Model: CAMX/MMS/SAPRCO9

Site:  BAC - Bakersfield Stn (5558 C Subregion: 8 Baseline Year Design Value: 99 ppb
Episode Davs 99100 | 99191 | 99192 | 90193 | 99194 | 00211 | 00212 | 00213 | Q0214 | DO215
Performance Status Fail Fail Fail Fail Pass Pass Pass Pass Pass Fail
Paak Observad 8-hour Ozone 94 97 51 72 96 87 24 93 107
Peak Sumulatad 8-hour Ozona 77 76 77 73 76 86 80 a7 a7 a2
Peak Simulared 8-hour Ozone within 15 ki 24 85 33 79 B2 100 104 100 94 100
Baseline Year 13-k, 8-hour Average Ozone 99
Future Year 15-km. §-howr Average Ozone 73 75 74 75 73 56 91 91 o4 G4
Use 111 RRF Analvsis? Nao No No No No Yes Yas Yes Yes No
Without RRFs With
BAC FY Design
- 85
g 80 82 83 84 g 79 81 82 83
Q= 76 77 78 79 o] g 75 76 77 78
-~ " “_
= 70 70 71 72 & &9 70 70 71
o | o _|
= T T T T S T T T T
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24 82 YR 87
2 79 51 82 83
S w
= 75 T8 7 78
-+
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|
Pk
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San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2023 Model: CAMX/MMS3I/SAPRC99
Site:  BGS - Bakersfield Sm (1128 G Subregion: 8 Baseline Year Design Value: 96 ppb
Episode Davs 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Fail Fail Fail Fail Pass Pass Pass Pass Pass Fail
Paal Observad S-hour Ozone 91 EE 93 50 68 93 g2 78 93 101
Paalk Simulated 8-hour Ozone 70 74 72 G4 70 73 86 80 N 34
Paal Simulated 8-hour Ozons 90 a1 87 81 94 99 101 102 93 99
Baselme Year 15-km. 8 rage Ozone 99
Future Year 15-km 8-howr Average Ozone 78 79 76 76 79 58 a0 93 83 95
Use i RRF Analvs No No No No No Yes Yes Yes Yes No
Without PRFs With RRFs
Ofiset = 0 ppl
BGS Average 15-km Concent BGS FY Design Value{ppo)
2 87 8595 = 80 52 84 85
2 80 83 s = 79 50 g2
S 76 77 78 79 — 73 75 76 76
= 70 71 71 72 & &8 68 80 69
o | o _|
e T T T T = T T T T
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With ARFs
Oftset = 40 ppo
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2 80 82 84 ~.86
2 78 79 g1 82
1 74 75 76 77
= 58 &9 89 70
[aX _
T T T T T
0.2 0.4 06 0.8 ]
ROG
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007
Year: 2023 Model: CANMMNNSSAPRCOR
Slter  CLO = Chovia St (908 N Villa Subregion: T Bazeline Year Dexlgn Yalne: 101 ppb
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San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Year: 2023 Sodel: CANN MB35 A PRCGD
Siter EDS - Edivon Sen Subreglon: g Baseline Year Desdgn Valmne: 103 ppb
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2023 Model: CAMX/MMSI/SAPRCO9

Site:  FSD - Fresno Stn (Drummond) Subregion: 7 Baseline Year Design Value: 102 ppb
Episode Davs 90190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | DO213 | 00214 | DO21S
Parformance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone 8 94 107 93 91 91 93 85 8 91
Paal Sunulated 8-hour Ozone 81 3 101 82 76 50 EH] 97 97
Peal Sunulated S-hour Ozone within 15 km 88 94 101 101 87 102 100 105 109
Basehne Year 15-kn, 8-howr Average Ozone 102
Future Year 15-km 8-hour Average Ozone 80 30 85 72 87 a5 92 91 96
Use in REF Analvsis? Yes Yes Yes Yes No Yes Yas Yes Yes Yes
Without RRFs With F
Oftset
FSD Awerage 15-km Concentration {ppb) FSD FY Design Value(ppu)
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2023 Model: CAMX/MMS/SAPRC99

Site:  FSF - Fresno Stn (3425 First Subregion: 7 Baseline Year Design Value: 104 ppb
Episode Days 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Pealk Observed 8-howr Ozone -99 =94 -99 -99 -99 98 99 97 935 98
Peaale Sumulated 8-hour Ozone 7 32 04 38 79 88 93 96 04 104
Pealk Siumulated S-lour Ozone withun 15 ki 83 92 101 103 89 100 99 104 105 116
Baselne Year 15-km, 8-howr Average Ozone 105
Future Year 15-km 8-hour Average Ozone 79 79 85 85 73 87 &5 92 38 97
Use in REF Analvsis? Mo No WNo No No = Yes Yes Yes Yes
Without RRFs With R
Otset = 0 ppb
FSF Awerage 18-km Concentration {ppb) FSF FY Design Value{ppb}
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o e © -
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San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Year: 2023 Model: CAMN MM SAPRODO
St F55 - Fresno 5o (Siem Slap Subreglam: 7 Basellie Year Design Valme: 110 ppls
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Year: 2023 Aldel: CANMNMMSSAFRECIS
Site:  HAM - Hanford St (brwin 50} Suilsregiom: 7 Baseline Year Design Value: 95 pph
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Year: 2023 Model: CAMXMMSSAPRCOO
Site: LMK - Mineral King Lookout Po  Subregion: 11 Baseline Year Design Value: 103 ppb
Episode Days 99190 | 99191 | 99192 | 90193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Pass Pass Pass Pass Pass Pass Pass Fail
Paalk Obsarvad S-hour Ozone 102 108 o7 68 &7 101 915 98 a2 99
Paak Simulatad §-hour Ozons 71 63 59 G4 67 &0 7a 23 79 74
Paalk Simulared S-hour Ozone within 15 ki 0 78 57 73 71 38 91 96 93 88
Baseline Year 15-km, 8-houwr Average Ozone 92
Future Year 15-kim 8-houwr Average Ozoneg 72 66 64 G3 63 73 76 79 78 76
Use m RRF Analvsis? No No No No No Yes Yeas Yes Yes No
Without RRFs With RRFs
QOitset = 0 ppb
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Year: Model: CAMX/MMS/SAPRC99
Site: Subregion: Baseline Year Design Value: 91 ppb
Episode Days 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214
Parformance Status Pass Pass Pass Pass Fail Pass Pass Fass Pass
Paalk Observad S-hour Ozone 74 a0 92 39 a5 71 66 59 34
Paalk Simwlated 8-hour Ozone 81 82 34 a3 78 56 83 98 94
Paak Simulated 8-hour Ozone within 15 km 83 a7 36 59 80 59 91 102 99
Baselme Year 15-km. §-howr Average Ozone 93
Future Year 13-k ur Average Ozone 73 73 74 75 73 75 S0 87 82 89
Use in RRF Analvsis? No Yes Yes Yes No Yes Nao Nao Yes Wes
Withour RRFs With ARFs
Otiset = 0 ppb
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Year: 2023 Model: CAMX/MMS/SAPRC99
Site:  MCS - Maricopa School/Stanis] Subregion: 8 Baseline Year Design Value: 98 ppb
Episode Davs DO160 | 90191 | H9102 | 99193 | 99194 1 DO211 § 00212 | 00213 | 00214 | 00215
Parformance Status Fail Fail Fail Fail Pass Pass Pass Pass Pass Fail
Paalk Observad S-hour Ozone 27 a1 8 57 51 95 a1 86 77 10
Paalk Simwlated 8-hour Ozone 78 77 74 71 73 53 89 88 89 90
Paak Simulated 8-hour Ozone within 15 km 20 77 76 74 74 91 90 a1 94
Baselme Year 15-km. §-howr Average Ozone 90
Future Year 13-k ur Average Ozone 56 68 &7 67 67 74 70 20 80 8
Use in RRF Analvsis? No No Mo No No Yes Yes Yes Yes No
Without PRFs With RRFs
Ofiset = O ppb
MCS Average 15-km Concentration {pphb) S FY Design Value{pph)
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Year: 2023 NModel: CAMX/MMS/SAPRC99
Site:  MRA - Merced Stn (385 S Coffe  Subregion: 7 Baseline Year Design Value: 101 ppb
Episode Days 99190 | 99191 | 99192 | 99193 | 99194 |1 00211 § 00212 | 00213 | 00214 | 00215
Parformance Status Pass Pass Pass Fail Pass Pass FPass Pass Pass
Peak Observed §-hour Ozone 97 106 116 117 90 83 97 103 112
Paal Simulated 8-hour Ozone 83 91 114 80 58 77 97 102 92
Peak Simulated 8-hour Ozone within 15 km 90 93 115 54 92 53 103 103 99
Baseline Year 15-km. 8-howr Average Ozone 99
Future Year 15-km 8-hour Average Qzone 79 54 74 i) 72 7o 73 86 88 83
Use in RRF Analvsis? Yes Yes Yes Yes No Ves No Tes Yes Yes
Without PRFs With RRFs
Oftser = O pph
MBA Average 15-km Concentration (pph) MBA FY Design Value{pph)
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Year: 2023 Model: CAMX/MMS/SAPRCS9
Site:  OLD - Oildale Stn (3311 Manor Subregion: 8 Baseline Year Design Value: 99 ppb
Episode Davs 09180 | 90101 | 50102 | 90193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Fail Fail Pass Pass Pass Pass Fail
Paak Observad 8-hour Ozone 92 G5 38 59 92 85 g1 98 103
Peak Simulated 8-hour Ozone 77 77 75 72 83 87 88 86 91
Peak Simulated 8-hour Ozone within 15 km 87 86 83 78 94 97 92 a1 98
Baselme Year 15-km. 8-howr Average Ozone
Furure Year 15-koy 8-howr Average Ozone 76 77 73 76 79 87 87 38 81 35
Use i RRF Analvsis? No No No No No Yeas Wes Yes Yes No
Without BRFs
OLD Average 15-km Concentration {pph) QLD FY Design Value(ppb)
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Year: 2023 Model: CAMX/MMSI/'SAPRCO9

Site:  PLR - Parlier Stn Subregion: 7 Baseline Year Design Value: 108 ppb
Episode Days 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Peak Observed 8-hour Ozone 102 104 105 52 54 103 106 38 58 38
Paal Sunulated 8-hour Ozone 93 29 33 S0 77 965 101 107 107 103
Peal Sumulated S-lour Ozone within 15 km 95 95 97 59 a0 100 101 103 116 l
Basehne Year 15-kn, 8-howr Average Ozone 101
Future Year 15-km 8-hour Average Ozone 81 30 80 73 67 24 91 G4 92
Use in REF Analvsis? Yes Yes Yes Yes No Yes Yas Yes Yes Yes
Without RRFs
PLR Awerage 15-km Concentration {pph) FLR FY Design Value
o0 o
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Year: 2023 Model: CAMX/MMS/SAPRCO9
Site:  SHA - Shafter St (Walker St Subregion: 8 Baseline Year Design Value: 94 ppb
Episode Davs 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Fail Fail Fail Fail Pass Pass Pass Pass Pass Fail
Peak Observed 8-hour Ozone 94 94 93 G2 80 86 78 70 91 77
Paalk Sunulated 8-hour Ozone 77 73 73 71 74 81 B5 88 91 G4
Peal Sunulated S-liour Ozone witly 79 77 76 75 82 86 38 91 92 96
Baselne Year 15-km, 3-hour e Ozone 89
Future Year 15-km 8-hour Average Ozone 67 66 G35 67 72 73 77 20 20 8
Use in RRF Analvsis? No No No No No Yes Yas Yes Yes No
Without RRFs With RRFs
Ottset = 0 ppb
SHA Average 15-km Concentration {pph) SHA FY Design Value{pphi
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Year: 2023 Aodel: CAMX/MMS/'SAPRCO9
Site:  SLK - Sequoia Lower Keawah St Subregion: 11 Baseline Year Design Value: 100 ppb
Episode Davs 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Performance Status Fail Fail Pass Pass Pass Pass Pass Pass Pass Fail
Peak Observad 3-howr Ozone 93 81 73 50 58 72 70 59 61 54
Paak Siumulared S-hour Oz &7 GO 58 53 &7 51 77 80 79 75
Peak Simulared 8-hour Ozone within 15 kim 84 74 64 70 71 28 a0 94 92 a7
Baselme Year 15-km. 3-hour Average Ozone 89
Future Year 15-km 8-hour Average Ozone 68 o4 G52 62 53 72 76 78 77 75
Use in RRF Analvsis? No No No No No Yes Yas No No No
Without RRFs With RRFs
Ofiset = 0 ppb
SLK Average 15-km Concentration {ppb} SLK FY Design Value(pph
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Year: 2023 Model: CAMX/MMS/'SAPR(C99
Site:  TSM - Turlock Sta (900 S Mina Subregion: 9 Baseline Year Design Value: 95 ppb
Episode Days 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Pass Fail Pass Fail Fail Pass Fail Fail Fail Pass
Paal Obsarvad S-hour Ozone 73 a0 91 a9 584 91 732 a4 EN 108
Pealk Simwlated 8-hour Ozone 87 103 o8 109 82 91 80 93 102 98
Peak Simulated 8-hour Ozone within 15 km 91 106 112 114 a0 96 85 102 107
Baselme Year 15-km. 8-howr Average Ozone 101
Future Year 15-km 2-howr Average Ozone 36 92 91 o0 79 55 g2 28 93 80
Use i RRF Analvs Yes No Yes No No Yes No Na ™o Wes
Without PRFs With RRFs
Ofiser = 0 ppb
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Year: 2023 Model: CAMX/MMS/SAPRC99
Site: V(S - Visalia Stn (Church St Subregion: 7 Baseline Year Design Value: 98 ppb
Episode Davs 90190 | D9191 | 90192 | 90103 | 90194 1 00211 § 00212 | 00213 | 00214 | DO21S
Performance Status Pass Pass Pass Pass Fail Pass Pass Pass Pass Pass
Paak Observed S-hour Ozone 94 99 7 57 86 a4 95 a3 90 94
Paal Sumulated 8-hour Ozone 23 7 78 73 91 96 104 a5
Peak Simulared 8-hour Ozone within 15 ki 94 8 54 76 Bl 93 106 101
Baseline Year 15-km, 8-hour Average Ozone 99
Future Year 15-km 8-hour Average Qzone 77 73 70 G &6 75 82 88 56 34
Use 1 RRF Analvsis? s Yes No No No Yes Yas Yes Yes Yes
Without RRFs With RRFs
Oitset = 0 ppb
WCS Awverage 15-km Concentration (pphb) WCS FY Design Value(pph)
= 78 79 0 81 = 77 78 79 Ll
= 74 75 76 77 2 73 74 75 76
69 70 70 71 ;_:“, s 68 69 69 70
o= 53 63 63 64 2 62 62 63 63
o | o
= T T T T = T T T T
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ROG ROG
With ARFs
Ottsat = 40 pph
WCS FY Design Value{pph)
= 7 78 79 80
2~ 73 74 75 76
= o
Q& 68 69 70 70
& - 62 62 63 63
o
= T T T T T
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ROG
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Year: 2023

Site:  WCM - White Cloud Mtn. Stn

Model:
Subregion:

CAMX/MMS/SAPRCO9
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Year: 2023 NModel: CAMXMMS/SAPRCOO

Site:  YOT - Yosemite NP/Turtleback Subregion: 10 Baseline Year Design Value: 89 ppb

Episode Days 99190 | 99191 | 99192 | 99193 | 99194 | 00211 | 00212 | 00213 | 00214 | 00215
Parformance Status Pass Pass Fail Fail Fail Fail Pass Fail Pass Fail
Paak Obse: S-hour Ozone -99 -99 -09 -99 -99 80 A 72 77 G6
Peak Sunulated 8-hour Ozone 63 61 G4 64 G0 67 69 71 71 71
Peak Sumulated 8-hour Ozone within 15 ki 59 69 G6 56 63 73 75 82 78 78
Baseline YVear 15-kan. 8-howr Average Ozone 91

Future Year 13-k 8-hour Average QOzone 62 61 a6 60 63 71 72 63 69
Use i1 RRF Analvsis? No No No No No Nao No No MNo
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PHOTOCHEMICAL MODELING IN SUPPORT OF
ATTAINING THE FEDERAL 8-HOUR OZONE

AIR QUALITY STANDARD IN CENTRAL CALIFORNIA

Volume 1:
Model Performance Evaluation

California Air Resources Board
Planning and Technical Support Division
Sacramento, California 95814

Date 2/28/07
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For District review purposes, this document summarizes model performance
procedures and results for meteorological modeling (Section 1) as well as air quality
modeling (Section 2) for the July 1999 and July-August, 2000, episodes. The model
performance evaluations are based on USEPA guidance (1991 and 2005) as well as
recommendations from Emery (2001), Tesche (1994) and Tesche et al. (2001).

The third section (Section 3) provides a summary of the performance analysis and
Section 4 provides a tabular listing of complete graphical and statistical results that can
downloaded via ftp from eos.arb.ca.gov.

Of note is that the two episodes have both been extended by two days at the beginning
of the original episode periods in an effort to increase the number of useable days for
future year design value calculations.

Meteorological Model Performance
METEOROLOGICAL MODEL PERFORMANCE METRICS

Meteorological model performance is assessed both quantitatively using statistical
metrics as well as qualitatively against known conceptual meteorological flows and
observed episodic meteorological features.

Quantitative Performance Evaluation

There are a number of statistical and graphical approaches for evaluating
meteorological model outputs. However, none of them are independently conclusive.
Most of these approaches involve comparisons between observed and simulated
meteorological parameter values. These analyses pose a difficult challenge, since most
of the available meteorological monitoring stations are located in urbanized areas.

Thus, the majority of observations tend to represent those areas versus the full
complexity of meteorology throughout the CCOS domain. Furthermore, since the use of
objective analysis and observational nudging forces the meteorological modeling results
towards the observations, model performance problems can increase in areas away
from observation locations.

It also needs to be recognized that output from the various meteorological models must
be preprocessed for input into the air quality model. This preprocessing may
inadvertently perturb the meteorological fields. Therefore, meteorological model
performance should be based on the air quality model input files, rather than the
meteorological model outputs.

The SIP modeling domain is geographically very complex and the observational data on
which meteorological model outputs were evaluated are not distributed uniformly.
Therefore, it is unreasonable to evaluate model performance for the domain as a whole.
For purposes of meteorological model performance analysis, the CCOS domain is
divided into sub-regions, representing areas of similar meteorological features. The
graphical and statistical model evaluations will be done for each of these sub-regions.
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A number of standard statistical and graphical techniques are used for meteorological
model performance analysis. The most widely used application is the METSTAT
program (Tesche, 1994, Tesche et al, 2001). Two graphical representations of the
METSTAT statistics were used in meteorological model performance analysis
conducted here: a) “Root Mean Square Error (RMSE) of Wind Speed” vs. “Gross Error
(E) of Wind Direction”, and b) “Bias Error (B)” vs. “Gross Error (E)” for temperature.
Equations used for these comparisons were taken from the user documentation of the
METSTAT program and are given below:

Bias Error (B): calculated as the mean difference in prediction-observation
pairings with valid data within a given analysis region and for a given time period
(hourly or daily):

B:%ZJ:ZI:(P; _O})

Here, P and O indicate model predictions and observations, respectively.
Similarly, | and J are the indices of grid points in x and y directions, respectively.

Gross Error (E): calculated as the mean absolute difference in prediction-
observation pairings with valid data within a given analysis region and for a given
time period (hourly or daily):

J |

==Y Y[R -0

=1 i=1

Note that the bias and gross error for winds are calculated from the predicted-
observed residuals in speed and direction (not from vector components u and v).
The direction error for a given prediction-observation pairing is limited to range
from 0 to +180°.

Root Mean Square Error (RMSE): calculated as the square root of the mean
squared difference in prediction-observation pairings with valid data within a
given analysis region and for a given time period (hourly or daily):

w1350 -o)

j=1i=1

The RMSE, as is the gross error, is a good overall measure of model performance.
However, since large errors are weighted heavily (due to squaring), large errors in small
subregions may produce a large RMSE even though the errors may be small and quite
acceptable elsewhere.
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Table 1-1 shows the criteria used to decide if the results of a given model fall within
acceptable performance limits.

Table 1-1 Statistical comparisons between observed and
simulated meteorological parameter values. Statistical
comparisons are made by model performance sub-

regions.

Parameter Abbreviation Benchmark

Wind Speed RMSE: <2m/s
Bias: <+0.5m/s
IOA: >0.6

Wind Direction Gross Error: <30 deg
Bias: <+10 deg

Temperature Gross Error: <2°%K
Bias: <x0.5°K
IOA >0.8

In an ideal situation, meteorological field evaluation would be done independent of the
air quality model results. However, in practice, meteorological field evaluation is limited
by the relative paucity of observational data, especially aloft. Therefore, base year air
quality model performance was also considered in the selection of meteorological fields
used for air quality simulations.

Table 1-2 Graphical analysis of meteorological model fields. Time
series plots are made for each station and spatial plots are made over
the whole modeling domain.

Time-series plots of hourly mean air temperature
Time-series plots of hourly mean wind speeds.
Spatial plots of hourly wind vectors

Spatial plots of hourly air temperatures
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Qualitative Performance Analyses

Given episode-specific information on the meteorological features that were observed
with field measurements, additional subjective analyses of observed versus predicted
mesoscale features can be conducted. Examples of such qualitative analyses that will
be considered are described below.

1. Determine and compare modeled and observed horizontal flow patterns over the
modeling domain. Features to consider include flow splitting, the structure of the
sea breeze, urban circulations, local flows such as Fresno and Schultz eddy
circulations, slope and drainage flows, up/down valley flows, and the existence of
cloud formations.

2. Study the 3-D spatial characteristics of the flow field by using time-height cross
sections of wind profiler observations and the simulated wind field at the wind
profiler location.

3. Determine the spatial and temporal characteristics of the mixing layer height
using available upper air observations, and compare it with the simulated
behavior of mixing layer height.

4. Perform some sensitivity tests to see the effects of certain model parameters on
the model results, such as observational nudging vs. analysis nudging, the
choice of soil physics, and boundary layer parameterizations.

METEOROLOGICAL MODEL PERFORMANCE RESULTS

The following two sections present the results of meteorological model performance for
the two modeling episodes, based on the criteria discussed above. For illustration
purposes, a small number of the graphics that were produced are used in the
subsequent discussions. However, all of the graphics that have been generated are
available via ftp per the table in the Appendix.

July 1999 Episode (Routine Episode)
The July 1999 simulation covers the period from July 5™ 12Z, 1999 to July 14™ 12Z,

1999. Meteorological model performance is assessed for the 7-day period spanning
July 7" through July 13™,
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The July 1999 episode model performance is assessed for three MM5 runs as follows:

Table 1-3. July-1999 Episode. Three ARB simulations are considered.

Simulation
Number Abbreviation Description

1 C108 7 day simulation; without FDDA

2 C109 7 day simulation; with FDDA; includes all the
available observational data.

3 C110 7 day simulation; with FDDA; but excludes from
the FDDA file all known 2-meter station height
data (i.e. CIMIS and NWS stations).

The FDDA file for run C109 includes all of the available observational data that are
available for this routine field measurement episode. The Bay Area Air Quality
Management District and their contractors, AtMet and ENVIRON, produced FDDA data
for the original ‘core’ episode days, July 9th through July 12th. For the extended
episode days that fall outside of the original core days, ARB FDDA data are used. The
third run (c110) has the same model setup as “c109”, except that data from sources
utilizing 2-meter station heights are excluded from the C109 FDDA file. Simulation
C110 is a sensitivity run to evaluate the effect of 2-meter observational station heights
on MMS5 performance for this episode.

To calculate model performance statistics, the results from all three MMS5 simulations
are processed through the METSTAT program. Performance statistics and site-
averaged time series are calculated for 5 regions: Bay Area region, Sacramento region,
Central San Joaquin Valley, Southern San Joaquin Valley and Northern San Joaquin
Valley. The resulting statistics are presented in soccer plots, where, ideally, model
performance statistics fall within the central box of the goal.

Figure 1-1 shows sites-averaged time series for winds and temperatures in the Bay
Area region. There is little difference between the three simulations. Wind speeds were
generally under-predicted over the entire simulation period. On the other hand,
temperature performance is good, as noted by the simulated diurnal pattern. The
exception to this is that temperatures were over-predicted on July 13", In terms of
model performance statistics for the Bay Area region, Figure 1-2 shows the soccer goal
plots of daily performance for winds and temperature. There was little difference
between ¢c109 and c110.

Figure 1-3 shows sites-averaged time series for winds and temperatures in the
Sacramento region. In general, there is little difference between the three simulations.
Wind speeds are over-predicted on July 7™ and July 12", Otherwise, the wind speed
performance is good over the simulation period. On the other hand, temperatures were
under-predicted during the day and over-predicted in the morning. Figure 1-4 shows
the soccer goal plots of daily performance for winds and temperature.
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Figure 1-5 shows sites-averaged time series for winds and temperatures in the Central
San Joaquin Valley. Wind speeds were generally over-predicted. Temperatures were
under-predicted during the day and over-predicted in the morning. There was little
difference between the three simulations. Figure 1-6 shows the soccer goal plots of
daily performance for winds and temperature.

Figure 1-7 shows sites-averaged time series for winds and temperatures in the
Southern San Joaquin Valley. Wind speeds were generally over-predicted.
Temperatures were under-predicted during the day and over-predicted in the morning.
There was little difference between the three simulations. Figure 1-8 shows the soccer
goal plots of daily performance for winds and temperature.

Figure 1-9 shows sites-averaged time series for winds and temperatures in the Northern
San Joaquin Valley. Wind speeds were generally over-predicted. Temperatures were
under-predicted during the day and over-predicted in the morning. There was little
difference between the three simulations. Figure 1-10 shows the soccer goal plots of
daily performance for winds and temperature.

It should be noted that both the ARB and the Bay Area Air Quality Management District
have done much work to improve meteorological model performance for this episode.
However, little additional progress has been made over the past two years and
performance statistics still remain outside of the ‘ideal’ range. Alone, however, this is
not grounds to dismiss the met simulations as poor. We are hopeful that statistical
performance can be improved and will continue to work closely with the districts and
other stakeholders, including CCOS contractors, with this goal in mind.

Among the three July 1999 simulations, MMS5 with observation nudging (c109 and c110)
improves the wind speed and wind direction a little over c108, which has no observation
nudging. Since there were no significant differences between c109 and c110, it is
assumed that the 2-meter station data included in the FDDA file play no significant role
in degrading model performance. As a result, c109 is used as input for the air quality
model.
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Figure 1-1. Time series of wind speed, direction, and temperature for the Bay Area
region over the July 7-13, 1999 modeling period.
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MMS5 Wind Performance in Bay Area
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Figure 1-2. MM5 performance for winds and temperature in the Bay Area region.
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Figure 1-3. Time series of wind speed, direction, and temperature for the Sacramento
region over the July 7-13, 1999 modeling period.
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Figure 1-4. MM5 performance for winds and temperature in the Sacramento region.
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Figure 1-5. Time series of wind speed, wind direction, and temperature for the Central
San Joaquin Valley over the July 7-13, 1999 modeling period.
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MM5 Wind Performance in SJV Central
July 7 - 13, 1999
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Figure 1-6. MM5 performance for winds and temperature in the Central San Joaquin
Valley.
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Figure 1-7. Time series of wind speed, wind direction, and temperature for the
Southern San Joaquin Valley over the July 7-13, 1999 modeling period.
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MMS5 Wind Performance in SJV Kern
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Figure 1-8. MM5 performance for winds and temperature in the Southern San Joaquin
Valley.
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Figure 1-9. Time series of wind speed, direction, and temperature for the Northern San
Joaquin Valley over the July 7-13, 1999 modeling period.
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MM5 Wind Performance in SJV North
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Figure 1-10. MM5 performance for winds and temperature in the Northern San Joaquin
Valley.
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July-August 2000 Episode (CCOS Episode)

Under the CCOS program, the meteorological modeling group at the National Oceanic
and Atmospheric Administration (NOAA) was selected as a contractor to study the July
29, 2000 12Z — Aug 3, 2000 12Z ozone episode that occurred during CCOS. Under this
CCOS contract, NOAA studied the meteorology of this episode using the MM5
numerical model with various model options and initial and boundary conditions.

After extensive internal simulations, NOAA produced and distributed an MM5 model
output in 2003 that is referred to as the “NOAA placeholder” simulation. Subsequently,
NOAA produced several additional MMS5 outputs. Three of these other simulations as
well as the placeholder simulation were selected by ARB as candidates for SIP
modeling purposes. The last two of these simulations are considered by NOAA to be
their ‘best available’ runs. The model setups in all of these simulations are identical
except as noted in the first four rows of the table below (Table 1-3).

Table 1-3 July-Aug 2000 CCOS Episode. Four 5-day NOAA simulations and two
7-day ARB simulations are considered.

Simulation
Number Abbreviation Description

1 NOAA placeholder | 5 day simulation using 5 layer soil model and
observational FDDA file prepared by the Bay
Area AQMD

2 NOAA FDDA1 5 day simulation; Same as NOAA placeholder
(#1), except using NOAH land-surface model

3 NOAA FDDA2 5 day simulation; Same as NOAA FDDA1 (#2),
above, except using observational FDDA file
prepared by NOAA and with roughness length
doubled.

4 NOAA FDDA3 5 day simulation; Same as NOAA FDDA1 (#2),
above, except using observational FDDA file
prepared by NOAA and with 5 times the
roughness length.

5 ARB NO FDDA 7 day simulation

6 ARB FDDA 7 day simulation

As indicated in the last two rows of the table above, model simulations were also
conducted at ARB. In these two ARB simulations, different model options were used:
the Gayno Seaman boundary layer scheme was used; a larger radius of influence was
selected; and the model was started approximately two days earlier, on July 27, 00Z, in
order to provide additional days for Relative Reduction Factor calculations performed for
air quality analyses. Thus, both ARB runs are for 7 days.
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The four five-day NOAA outputs along with two seven-day ARB outputs, called ARB NO
FDDA and ARB FDDA, were analyzed and compared against observational data using
the comparison methods discussed previously.

Model performance statistics provided in Figures 1-10 (a-g) and 1-11(a-g) point out that
the statistical error of simulation NOAA FDDA3 are within the acceptable limits of EPA
standards for wind speed and direction while temperature predictions are not very good.

The temporal comparison of model variables at the Angiola site is illustrated in

Figures 1-12 (a and b). Comparisons at other stations are available by ftp through the
ARB modeling section. While previous figures show the station averaged model
performance statistics within each subregion, these give a detailed perspective of model
performance at an individual observation station. Examination of these temporal
comparisons show that model performance can vary dramatically from one station to
the next. While all NOAA and ARB FDDA simulations appear to adequately produce
the observed wind field, the NOAA Placeholder model appears to produce observed
temperatures better than the other model runs do.

Figures 1-13(a-f) compare horizontal wind vectors against observations at 21Z on

July 29, 2000 (2 PM local time) when the flow field is expected to play an important role
in maximum ozone concentrations. Each model has slightly different wind flows,
however the flows in the NOAA FDDA2, FDDA3 and Placeholder simulations seem to
be more organized than in the other models.

Since NOAA FDDA2 and NOAA FDDAS are sensitivity tests generated by varying
roughness length, these results will not be considered in air quality simulations until the
effects of these tests are further understood and accepted. Presently, it appears that
this has an adverse impact on temperature performance. ARB is currently working with
NOAA to better understand these runs. The figures indicate that the overall
performance of NOAA'’s placeholder model for all variables is generally as acceptable
as all other MMS5 results that were considered. Therefore, the NOAA placeholder model
output is used in air quality simulations.
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Figures 1-11 (a-g): Model performance statistics of wind speed and direction created

for subregions 3, 6, 7, 8, 9, 10 and 11, respectively.
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MMS5 Wind Performance Within SJV Central
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MM5 Wind Performance Within SJV North
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MM5 Wind Performance Within SJV Above 3000 ft
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Figures 1-12 (a-g): Same as Figures 1-11, except for temperature.
MM5 Temperature Performance Within Bay Area
July 29-Aug 3, 2000
6 - —— Benchmark
5 A A e ARB NOFDDA
o A, * e ARBFDDA
< 4 A A M e 4 NOAAFDDA1
o A A A ®, 9
e 3] d.s4 L v » NOAA FDDA2
L A A A A A
Ao | aa a2 NOAAFDDA3
A » NOAA Placeholder
1 -
-2 -1 0 1 2 3 4 5
Bias (K)
(a)
MM5 Temperature Performance Within Sacramento Region
July 29-Aug 3, 2000
A 6 - A A, —— Benchmark
5 e ARB NOFDDA
< * A A » ARB FDDA
g A * @ 4 7A:
= A . 4 NOAA FDDA1
i A N e » NOAA FDDA2
K 2 we * a4 NOAA FDDA3
e ° 4 NOAA Placeholder
T T T T G T T
-5 -4 -3 -2 -1 0 1 2 3
Bias (K)
(b)
Appendix F-83 Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007
MM5 Temperature Performance Within SJV Central
July 29-Aug 3, 2000
7
6 —— Benchmark
5 e ARB NOFDDA
A A A
g N PRI ¢ ARB FDDA
= A » NOAA FDDA1
e AA s
O A, N A . Ao NOAA FDDA2
. N 2 . . . » NOAA FDDA3
]t ¥ s NOAA Placeholder
-5 -4 -3 -2 -1 0 1 2 3
Bias (K)
(c)
MMS5 Temperature Performance Within SJV Kern
July 29-Aug 3, 2000
6 —— Benchmark
5 e ARB NO FDDA
. N e ARB FDDA
< S, 4748 aa 4 NOAA FDDA1
2 ad 3 » NOAA FDDA2
1] A A
. th | s . 2 NOAA FDDA3
® o 4 e ¢ 4 NOAA Placeholder
1 |
-5 -4 -3 2 -1 0 1 2
Bias (K)

(d)

Appendix F-84

Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007
MM5 Temperature Performance Within SJV North
July 29-Aug 3, 2000
81 A —— Benchmark
51 a N e ARB NOFDDA
— e ARBFDDA
< A A 4
= 4 NOAA FDDA1
o a4 A 4 4 A
5 4 R A3+ A 4 NOAA FDDA2
4 5 . a NOAA FDDA3
I A 4 NOAA Placeholder
1 |
T T T G T
-4 -3 -2 -1 0 1 2
Bias (K)
(e)
MM5 Temperature Performance Within Central Mountain Counties
July 29-Aug 3, 2000
7
6 —— Benchmark
. 5 4 e ARB NOFDDA
o ‘4 o ARBFDDA
X |a 4
5 A NOAA FDDA1
= omgee 37 » NOAA FDDA2
LR Mgl e, e » NOAA FDDA3
Ao NOAA Placeholder
1 |
T T T G T
-4 -3 -2 -1 0 1
Bias (K)

(f)

Appendix F-85

Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007
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Figures 1-12 (a and b): Temporal comparisons of wind speed, direction and
temperature at Angiola station for ARB (a) and NOAA (b) model results
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Figures 1-13(a-f): Horizontal variation of wind vectors on July 29, 2000 21Z (2 PM local
time) compared to the observations for ARB NO FDDA (a), ARB FDDA (b), NOAA
FDDA1 (c), NOAA FDDA2 (d), NOAA FDDAS3 (e) and NOAA Placeholder models (f).

d8 N

124 W

E

Z2E83-FT-24_21. 18,48

o
J !I_ Jnl.\l\_)?_::_,z

7

..... :-....--"'...
- --_,.----..--.-F'\hl'ﬂ"
st " " Y
D Ll
‘H)--',---.-'_J_r-'d
_,._,'n......-'..-::-'.-
AR S - St el prng i

e . ok g
P

o
ot g

JULY-AUG 2000 EVEFACE QBSERVATIONS

(@)

38 N

Appendix F-89

Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

2E8-PT-29_21 1838

124 W z W 118 L |
% . 'Nf...-t.,.-d L ’ s
gl et L Y L %Ag-{i‘ ot
. u"ﬂx,_'f;' o ;.,-35:( TR Al R |
i ~c..:.: .mt el g AR
. iy LA A el il
A \.\;—h‘.,..r:&w ‘fu, h‘f,:*-\ia..::'ir‘:.&,ng.,
T\ AR SRR I
;;'::'"‘}Z...,.'-E\‘%E::? =%
N HL -
N CEO TR
:s.ﬁ-‘.r};r‘,:ﬁ. i
ok 4 n . ——
sl r g
Z Apree:
ELE > o = BN
s =
w
J;
= ;ﬁ,ﬂ
[
FTAR
36 § ““ﬁ e LLR.}
phib by .
N
K b,
L"h
'y
Ay
JUL¥-AUS 2000 EVAFACE OBSERVAYIONS
(b)
Appendix F-90 Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



April 30, 2007

_21 188

Z2EM-PT-N

124 W

San Joaquin Valley Unified Air Pollution Control District

3 4 =
YH g 2N 3 5
s ,,Wr.,mfr RN
Frmass s -
m.mw._. jﬂ ' e

AR ) T (e Ry
G e N M
SAGETE AN ﬁmﬂuhmw b
k ..--........- 4% ._._.."u_—“HL.H. .-U.._..‘_ ]
e N TR L e
R VR ﬁ MBS
Ltd .;.ﬂ.xﬁ 3iN e~
[l - ﬂ Y A wl
breraboie it

S
m‘ ..ml._..m.hw. MW.M.;._I._ .“ iy
wﬁaﬂ?mﬁn”hrﬁumrz . A

_frf.rlu.:-.__rrr.rfl........l}:ff
=L N LY
i, 1..|-h.u. =
ey ) o O L L

L T L

2007 Ozone Plan

118 W

(c)

Appendix F: Photochemical Modeling Support Documents

..ﬂ.w&:x ,,"_.?...f ;
)

,@
o

e

40N
LN
a8 ¥

JULY— AT 2000 EURFACE QBSERVATIONS

Appendix F-91




April 30, 2007

_21 18«08

M -rT-N

124 W

San Joaquin Valley Unified Air Pollution Control District

N
BN
N

-t

A
ra
,.-::
s
L
'-.‘-'-':
N
‘e'l.:"-"'
%
iR
£
3
o o

-
[ ]
S
W)

}

L]

3

m.
- o

-
SN
ﬁ“ﬂf.f”ﬂuh.r.:h{.ﬂm L.
AN SRR bR
__.-r.r_f l....-.lrr-... ._.i_.-..lr-

i T T e _—._.__.\..M ML..A Ty

ST
Y
mﬁm)ﬁm,,mi Wk

15 \.\M il %

LN
MN
J8 M

2007 Ozone Plan

118 W

Appendix F: Photochemical Modeling Support Documents

JULY—AUS R000 EVAFACE QBSERVATIONE

Appendix F-92



April 30, 2007

=
3

AR
3
X
32

_21 18 .d8

2 -PT-N

124 W

San Joaquin Valley Unified Air Pollution Control District

ke
T # ZPNAL R iR T ] . N
] :ﬁ\_.._. L o . 5
"L S L e 1T
m“.w_.:nﬁ Wl rari e F .__....u R v., z._ u.\
L IR T . R R SR i SRR £
[P e R e oy i, AL A T apaafrara Ll N K
i .“.\n._ W...w-.f_:a.r-.._ u 1 T TP L RIY o Y
o A T B IR I R 1] P Pl o i e i
“ LN 1 4 Eh = P I H Rt il
L Syl o or b N ALLET go A Al i T
., i LN I IR T T W L - R e e I '
AYPREPLE SRR b LR LT RAY TSI s P
FE i ._.._.._._.?_.;__.T_.._..r_:_.-.......u.:..:.““ s
— LA AL T I N T Al Tty __LL.._ ;
X e L AR AR LT PR RN L L DRt W
gt | B PRI R L S I R vl 1
. 1 PR ER L L
AT e LT Tan XY 2 X
ﬁ{.........‘..._. e 1 .A_ trinisa £ ¥ =y
Fof Aeiigerviy b LNLEPLY M1 _._.k_
[ PR R R M i
L .ﬂﬂ_nﬂ!i.‘:........t-. . .-H
AL LT L R TR R H
H Cianmade LoD
P TN, e . P £
[IUSrsS ity i -y 3 a
e ..,né.::.ﬂ..“: PTILY
i e 143
SRR 777 PNy
. . L R h
e UL A AR M by
|4 T PR T A e A Nm T
Pl ALY T TR S T T
LA L ST S RN
ARSIV ARSI
iy gl "
[FRL LI Y EY T ] ._. \\\1
o
fi ..-nﬂ\-\_-.l_..._- phpiy
[ ot
> s
v

N
MN
J8 M

2007 Ozone Plan

118 w

Appendix F: Photochemical Modeling Support Documents

JULY—AUG 3000 EVRFACE QBSERVATIONS

Appendix F-93



San Joaquin Valley Unified Air Pollution Control District April 30, 2007
Z2AB3-ET-249_21. 18,08
124 W L] 1 L18 W 4w
S - P, op R A
RN P R e m T S
L w:t{r: ARSI R B Ty v
*y L\,‘;h._,. -\f;jftr FLIETI Y o _._..'.ﬁ-ﬂ. :'*Hr‘&fi
el s e s ST A A A A
R Y CR L § ] e R LR \._m__.__w:_{i“‘ a8
s Y PIrE. fa. v, T T AT ) \ﬁ'
l'"- ey ) ] - -
o ‘;}t&‘k ?::5?’2““ T R AL 3
o ik _._Eﬁ“i ‘e +-~..§1 3
'\“"—""J“""\\\ oy ?:"Ih{ i
e R WL Bt TR b =
5.:“\""""'\ ":FH' .~ ey hﬁ:'..:-irl;{._'.r'_.ﬂ
(%% e S I it e . A e e b
A St B s ol A BT ?..I
Al S S aaw s W R s T DA
N R s b 12' PR 1;.{
e, e
2K PP N AL X Rad¥Ea? P g an N
A s o S Y
NN T A &;fL?r’
NN e it s s o o
M v - Jj '%““'::.-f:.-.f ; : TP
.\ Y "y i' :::.ﬂ.rr.-_. \l-.l"
NP e s b
) e VY JORRE R .
% I el i P Acsy
1“ j?'::“_:.-hd y
: e S
y - 1
_— N e 4 bk m e Al e g oL e v
o Lh‘h,‘
=)
“\1': &::
I
o
i \\
i
0w 118 W
JULY- AT 2000 BURFACE OBSERVATIONS
(f)
Appendix F-94 Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District April 30, 2007

Air Quality Model Performance
AIR QUALITY MODEL PERFORMANCE METRICS

Air quality model results are used to develop strategies for attaining the federal 8-hour ozone standard. The
development of these strategies relies on the use of relative reduction factors (RRFs). More detailed discussion of
RRFs is provided in other documents. However, the use of RRFs requires an evaluation of relative air quality model
response at specific monitoring sites in the base year(s), a baseline year, and a future year.

Adequate model performance is a requirement for use of modeled results. The lack of
acceptable performance greatly increases uncertainty in the use of the modeling results,
and casts doubt on conclusions based on the modeling. Although it is desirable to
include as many days as possible in the RRF calculations, our experience has
demonstrated that not all modeled days meet the minimum performance standards, and
are thus not suitable for use. Therefore only those days that satisfy the following model
performance criteria will be utilized in subsequent RRF calculations.

The USEPA (1991) and ARB (1990) outline a number of procedures for analysis of
base year, air quality model performance. These include spatial and time-series plots,
and statistical analyses, comparing simulated and observed pollutant concentrations, as
well as sensitivity analysis of selected input fields. The purpose of the performance
analysis is to provide some confidence that the air quality simulations — which are the
basis of future-year ozone concentration estimates — are performing properly.

The application of air quality modeling results to demonstrate attainment of the federal
1-hour ozone standard emphasized the simulated unpaired peak ozone concentration.
Three statistical measures were recommended to evaluate model performance:
unpaired peak ratio (UPR), paired mean normalized bias (NB), and paired gross error
(GE). These statistical measures were calculated for the modeling domain as a whole,
and the NB and GE were calculated from all hourly concentrations in excess of 60 ppb
(to avoid biasing the statistical measures with low concentrations). To meet
performance guidelines, recommendations were that the UPR should be within + 20%,
NB should be within £ 15%, and the GE less than 35%. However, California’s
geography is very complex and modeling domains have evolved to cover large
geographic areas. Thus it is recommended that the domains be divided into
subregions, and that the performance measures be calculated independently for each
subregion. The configuration of these subregions is somewhat arbitrary; however, they
should be configured to isolate "common" regions of higher ozone. Figure 2-1
illustrates the proposed subregions for the CCOS domain.

The USEPA (2005) recommends that model performance be evaluated for 8-hour
concentrations as well . The recommended statistical measures to assess simulated
versus observed maximum 8-hour ozone concentrations include paired (in space, but
not time) peak prediction accuracy (PPPA), paired mean normalized bias (NB), and
paired gross error (GE). Although limited performance analysis has been completed for
8-hour ozone modeling in California, it seems prudent at this point to carry forward the
1-hour statistical goals and apply them for the 8-hour standard (UPR within + 20%, NB
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within = 15%, and the GE less than 35%). However, these limits may need to be
revised as 8-hour SIP modeling progresses and rigorous model performance
evaluations are completed.

While statistical measures for 1-hour model performance were typically calculated
independently for each modeled day available, the USEPA also suggests that PPPA,
NB, and GE be calculated for each site over all modeled days. However, because the
number of episode days available may be very limited, the statistical uncertainties in
these latter calculations would be large and they are not recommended or used herein.

In order to have confidence in future year estimates from air quality models, there must
be confidence in the air quality modeling for the base year. That is, days not meeting
model acceptance criteria provide high uncertainty, and should not be used for the
modeled attainment test.

In addition to the issue of model performance, analyses conducted by the USEPA
(2005) suggest that air quality models respond more to emission reductions at higher
predicted ozone values. Correspondingly, the model predicts less benefit at lower
concentrations. This is consistent with preliminary modeling in support of the 8-hour
ozone standard conducted by the ARB and the districts. These results imply that RRF
calculations should be restricted to days with predicted high ozone concentrations. It is
thus reasonable to establish a minimum threshold for predicted peak 8-hour ozone
concentrations in the baseline year. Days for which the predicted daily peak 8-hour
ozone concentrations at a site are less than the threshold, would not be used for
calculating RRFs at that site. Consistent with USEPA’s recommendation, we propose
to use a value of 85 ppb for the baseline year threshold. However, USEPA guidelines
allow the use of the maximum 8-hour concentrations within 15km of a site for this
purpose.

Based on the above discussion, we propose the following model performance based
methodology for determining sites and modeled days to be used in the RRF
calculations:
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Only those modeled days meeting the following criteria will be used
to calculate site-specific RRFs:

1) The modeled daily 8-hour peak ozone concentration within 15 km
of the site for the base year of the modeling must be within £20%
of the observed value at the site.

2) The modeled daily 8-hour peak ozone concentration within 15 km
of the site in the baseline year must be 85 ppb or greater.

3) The subregional 1-hour and 8-hour statistical measures of NB and
GE must fall within the thresholds of + 15% and 35%, respectively.

Of these three criteria, only the third is considered in this document.

Along with the statistical measures discussed above, the graphical and statistical tests
recommended by the USEPA (1991 and 2005) and shown in Tables 2-1 and 2-2 will be
used to assess overall model performance. Several sensitivity tests recommended by
the USEPA (1991) will also be used (Table 2-3) for qualitative evaluation. While the
results of these sensitivity analyses are inherently subjective, they are designed to
provide confidence that the air quality model is not only performing well, but is also
properly responding to changes in inputs.
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Figure 2-1 Sub-regions of air quality model performance evaluation (3: Bay area
region, 6: metro Sacramento region, 7: central San Joaquin valley region , 8
southern San Joaquin valley region, 9: northern San Joaquin valley region).
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Table 2-1.  Statistics for evaluating base year air quality model performance for
all sub-regions.

— mean normalized bias for all 1-hour ozone concentrations (60 ppb), unpaired in time
and space for all sites

— mean normalized gross error for all 1-hour ozone concentrations (260 ppb),
unpaired in time and space for all sites

— peak 1-hour ozone concentration ratio, unpaired in time and space

— mean normalized bias for all 8-hour ozone concentrations (260 ppb), unpaired in
time for all sites

— mean normalized gross error for all 8-hour ozone concentrations (260 ppb),
unpaired in time for all sites

— peak 8-hour ozone concentration ratio, unpaired in time and space
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Table 2-2. Graphical tools for evaluating base year air quality model
performance.

— time-series plots comparing 1-hour measured and simulated concentrations of
ozone, NO, NO2, and CO for each site.

— hourly spatial plots of 1-hour measured and simulated concentrations of ozone, NO,
NO2, and CO for the CCOS modeling domain.

— scatter plot of 1-hour ozone concentrations for each day, and for each subregion of
the modeling domain.

Table 2-3. Sensitivity tests for evaluation of Base Year air quality simulations.
The results of these analyses will be tabulated by subregion.

1 Minimize vertical diffusivity based on land cover

2 Zero anthropogenic emissions

3 Zero biogenic emissions

4 Set lateral ozone boundary conditions to 50 ppb

5 Set lateral ozone boundary conditions to 90 ppb

6 Set initial ozone conditions to 40 ppb everywhere

7 Set initial conditions to 0.1 ppb NO2 and 0.0 NO (run with all emissions)
8 Set initial conditions to 0.1 ppb NO2 and 0.0 NO (run with biogenic emissions only)
9 Double biogenic emissions

10 Remove wildfires

11 Zero mobile emissions

12 Set top ozone boundary conditions to 135ppb at 15km
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AIR QUALITY MODEL PERFORMANCE RESULTS

The following two sections present the results of air quality model performance for the
two modeling episodes, based on the criteria discussed in the previous section. For
illustration purposes, only a portion of the graphics that were actually produced are
presented. All of the graphics that have been generated are available via ftp per the
table in the Appendix.

July 1999 Episode (Routine Episode)

The July 1999 air quality model simulation covers the 7-day period from July 7, 1999,
through July 13, 1999. However, the model performance assessment only covers the
5-day, non-spin-up period from July 9 to July 13, 1999. As discussed previously in
Section 1.2.1, the ARB ¢109 MM5 meteorological simulation is used for these air quality
simulations.

Tables 2-4 and 2-5 summarize the 1-hour and 8-hour statistical model performance
assessment in terms of identifying the days for which simulated results fall within
acceptable statistical performance thresholds in each model performance region
(performance regions were shown in Figure 2-1). Each cell in the tables represents
whether model-simulated results, on a region-wide basis, are statistically acceptable.
The cell is assigned a value of 1 if the model-simulated results pass the statistical model
performance criteria; while a value of 0 means that the model-simulated results for the
region do not meet the criteria. If all simulated ozone concentrations in the region are
below 60 ppb, then the region-day cell is assigned -99 and the modeling results cannot
be used for that region. Total days for each episode day and region are provided at the
bottom row and far right column of the table, respectively.

For the Bay Area region, 4 days meet the 1-hour criteria and only 1 day meets the 8-
hour criteria. For the Sacramento region, all 5 days meet both the 1-hour and 8-hour
criteria. For the Central San Joaquin Valley region, 5 days meet the 1-hour criteria and
3 days meet the 8-hour criteria. For the Southern San Joaquin Valley region, only 1 day
meets the 1-hour criteria and 4 days meet the 8-hour criteria. For the Northern San
Joaquin Valley region, 2 days meet the 1-hour criteria and 3 days meet the 8-hour
criteria.

Figures 2-2 through 2-6 show the site-averaged time series of modeled versus
predicted CO, ozone, NO and NO; for the Bay Area, Sacramento, Central San Joaquin
Valley, Southern San Joaquin Valley, and Northern San Joaquin Valley regions,
respectively. The orange and blue lines represent observations and model predictions,
respectively. The time series for individual stations for these five regions have also
been plotted and are available via the ftp site and filename indicated in the Appendix.
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Figure 2-2 shows the hourly averaged CO, ozone, NO and NO;, for the Bay Area region.
Predicted CO concentrations are slightly under-predicted for most of the simulation
period. However, the simulated ozone is generally over-predicted for the entire
simulation period. The model captures the magnitude and diurnal variation of the NO
and NO; reasonably well.

Figure 2-3 shows the hourly averaged CO, ozone, NO and NO, for the Sacramento
region. Predicted CO concentrations are over-predicted for most of the simulation
period. Ozone concentrations perform well for the first three days and the last day of
the simulation period, but are under-predicted from July 10 to July 12. Predicted NO
and NO; concentrations generally agree with the observations.

Figure 2-4 shows the hourly averaged CO, ozone, NO and NO, for the Central San
Joaquin Valley region. Predicted CO concentrations are under-predicted for the entire
simulation period. The simulated ozone is generally under-predicted during the day, but
over-predicted in the morning. Both predicted NO and NO, concentrations are under-
predicted for the entire simulation period.

Figure 2-5 shows the hourly averaged CO, ozone, NO and NO, for the Southern San
Joaquin Valley region. Predicted CO concentrations are generally under-predicted in
the morning, but over-predicted in the afternoon. The simulated ozone is generally
under-predicted during the day, but over-predicted in the morning. NO concentrations
are under-predicted for the entire simulation period. In general, NO, concentrations are
also under-predicted. However, the NO, concentrations are over-predicted at night on
July 9 and July 11.

Figure 2-6 shows the hourly averaged CO, ozone, NO and NO, for the Northern San
Joaquin Valley region. Predicted CO concentrations are under-predicted for the entire
simulation period. The simulated ozone is generally predicted well for all days. The
model captures the diurnal variation of the NO, but predicted concentrations are
generally less than the observed values. NO; concentrations also generally agree with
the observations.

Plots of model performance statistics for each region are provided in Figures 2-7 and 2-
8, which show the predicted 1-hour and 8-hour unpaired peak ratio and normalized bias
in graphical format for each station in each of the five regions.
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Table 2-4. 1-hour ozone performance by each region over the July 9-13, 1999

modeling period.

Region ID |Region Name 7/9/1999( 7/10/1999| 7/11/1999| 7/12/1999| 7/13/1999|Total
2|North Coast 1 0 0 1 -99 2
3|BAAQMD 1 1 1 1 0 4
4[MBAQMD 1 0 0 1 0 2
5|Sacramento Valley North 1 0 1 1 0 3
6[Sacramento Region 1 1 1 1 1 5
7|SJVAPCD Central 1 1 1 1 1 5
8|SJVAPCD Kern 0 0 0 0 1 1
9|SJVAPCD North 1 0 1 0 0 2

10|Sierra Nevada Central 0 1 0 0 0 1
11|SJVAPCD Above 3000 ft 0 0 1 1 1 3
12(South Central Coast 1 1 0 1 0 3
13|Sierra Nevada North 1 0 0 1 1 3
14(Desert 0 0 0 0 0 0
15|Nevada 1 0 -99 1 0 2

Total: 10 5 6 10 5 36

Table 2-5. 8-hour ozone performance by each region over the July 9-13, 1999

modeling period.

Region ID |Region Name 7/9/1999( 7/10/1999| 7/11/1999| 7/12/1999| 7/13/1999|Total
2|North Coast -99 -99 0 1 -99 1
3|BAAQMD 0 0 1 0 0 1
4[MBAQMD 1 -99 0 0 -99 1
5|Sacramento Valley North 1 1 1 1 0 4
6[Sacramento Region 1 1 1 1 1 5
7|SJVAPCD Central 1 1 0 1 0 3
8|SJVAPCD Kern 1 1 1 0 1 4
9|SJVAPCD North 1 0 1 0 1 3

10|Sierra Nevada Central 1 1 0 0 0 2
11|SJVAPCD Above 3000 ft 0 0 1 1 1 3
12(South Central Coast 0 1 0 1 1 3
13|Sierra Nevada North 1 0 0 1 1 3
14|Desert 0 0 0 1 0 1
15|Nevada 1 -99 -99 1 1 3
Total: 9 6 6 9 7 37
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Figure 2-2. Hourly averaged of CO, ozone, NO and NO, for the Bay Area region over

the July 7-13, 1999 modeling period.
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Figure 2-3. Hourly averaged CO, ozone, NO and NO,, for the Sacramento region over
the July 7-13, 1999 modeling period.
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Valley over the July 7-13, 1999 modeling period.
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Figure 2-5. Hourly averaged CO, ozone, NO and NO;, for the Southern San Joaquin

Valley over the July 7-13, 1999 modeling period.
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Figure 2-6. Hourly averaged CO, ozone, NO and NO; for the Northern San Joaquin

Valley over the July 7-13, 1999 modeling period.

Appendix F-108

Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

I-hour O3 Statistics, Bay Area
0.6
.
0.5 * <
04 LR 4
o o3
g 0.3 “0
= *
m g5 '
L LA
&gy oo %
E 0.0 ‘o ¢
£ 0. .
5 |
= 041 - R .
-0.2 * o
‘s
-0.3
.
-0.4
04 06 08 10 12 14 16 18 20
Unpair Peak Ratio
l-hour O3 Statistics, Sacramento
0.6
05 *
04
i 09
m
= 0.2
L
H2 041
m
E o0
=}
= -0.1
-0.2
-0.3
-0.4
04 06 08 10 12 14 16 18 20
Unpair Peak Ratio
1-hour O3 Statistics, Central SJV
0.6
.
0.5
04
3 03 .
m
o 0.2
A 0.1 * o0
E o o
E o0
3 e
-0.1 (Y
R
-0.2 0.
-0.3
.
-0.4 T T T T T T T
04 06 08 10 12 14 16 18 20
Unpair Peak Ratio

Appendix F-109

Appendix F: Photochemical Modeling Support Documents

2007 Ozone Plan



San Joaquin Valley Unified Air Pollution Control District

April 30, 2007

Mormalized Bias

06

04
03
0.2

0.0
-0.1 ¢*
02 '
023 .‘.
-0.4

I-hour O3 Statistics, Southern SJV

0.5

0.1

04 06 08 10 12 14 16 18
Unpair Peak Ratio

2.0

Mormalized Bias

-0.1

-04

I-hour O3 Statistics, Northern SJV

06

05
04
03
0.2 b4
0.1 g
0.0

G
*

-0.2 *
-0.3

04 06 08 10 12 14 16 18
Unpair Peak Ratio

2.0

Figure 2-7. Unpaired peak ratio vs. normalized bias for 1-hour ozone for the July 9-13,
1999 modeling period. Each dot represents one-day results for an individual site.
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Figure 2-8. Unpaired peak ratio vs. normalized bias for 8-hour ozone for the July 9-13,
1999 modeling period. Each dot represents one-day results for an individual site.
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July-August 2000 Episode (CCOS Episode)

The air quality model simulation covers the period from July 27, 2000, to August 2,
2000. The first two days of the simulation are treated as a model spin-up period for
which model performance is not considered. As a result, the statistical model
performance assessment only covers the non-spin-up period, from July 29" through
August 2" As described previously in Section 1.2.2, the NOAA placeholder MM5
meteorological simulation is used for these air quality simulations.

Performance statistics for 1-hour and 8-hour model performance were calculated for
each region and are listed in Table 2-6 and 2-7, respectively. For days that a region
meets the criteria a value of 1 is assigned. A value of 0 means that region doesn’'t meet
the criteria for the respective day and, if there is no model simulated concentrations
above 60ppb, then -99 is assigned. The following paragraph summarizes the
subregional statistical results.

For the Bay Area region, the model performance meets both the 1-hour and 8-hour
criteria on July 29, 2000 and August 2, 2000, but fails on all the other days. For the
Sacramento region, 4 days meet the 1-hour criteria and 3 days meet the 8-hour criteria.
For the Central San Joaquin Valley region, all 5 days meet both the 1-hour and 8-hour
criteria. For the Southern San Joaquin Valley region, 4 days meet the 1-hour criteria
and all 5 days meet the 8-hour criteria. For the Northern San Joaquin Valley region, only
2 days meet both the 1-hour and 8-hour criteria.

Figures 2-9 through 2-13 show the site-averaged time series of observed versus
predicted CO, ozone, NO and NO; for the Bay Area, Sacramento, Central San Joaquin
Valley, Southern San Joaquin Valley and Northern San Joaquin Valley regions,
respectively. The orange and blue lines represent observations and model predictions,
respectively. Take note that the start hour of the simulation is 0600 PDT, so the first
day has only 18 data points. Also, note that the 1-hour and 8-hour region-wide statistics
are not directly calculated from site-averaged time series, but from the statistics of each
station and then arithmetically averaged. The time series for individual stations for
these five regions have also been plotted and are available via the ftp site and filename
indicated in the Appendix.

Figure 2-9 shows the hourly averaged CO, ozone, NO and NO; for the Bay Area region.
Predicted CO concentrations are over-predicted for the entire simulation period. Ozone
concentrations are significantly over-predicted for the entire simulation period although
predictions gradually begin to match observations by the last day. Predicted NO
concentrations generally match the observed concentrations but are under-predicted for
the last two days of the simulation period. The model predicts NO, concentrations that
have a significant diurnal variation, where the NO; increases in the morning traffic hours
and in the evening hours when the atmospheric boundary layer becomes less turbulent.
However, the regional averaged observation does not exhibit this NO, variation.
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Figure 2-10 shows the hourly averaged CO, ozone, NO and NO; for the Sacramento
region. Predicted CO concentrations generally agree with the observations. Ozone
concentrations show excellent agreement with observations for all days. The NO
concentrations generally agree with the observations and clearly reproduce the early
morning traffic peak. The model captures the magnitude as well as the diurnal variation
of the NOs,.

Figure 2-11 shows the hourly averaged CO, ozone, NO and NO;, for the Central San
Joaquin Valley region. Predicted CO concentrations are under-predicted for the entire
simulation period. Ozone concentrations show excellent agreement with observations
for all the days. The NO concentrations also generally agree with the observations and
clearly reproduced the early morning traffic peak. The model captures the diurnal
variation of the NO,, but predicted concentrations are generally less than the observed
values.

Figure 2-12 shows the hourly averaged CO, ozone, NO and NO,, for the Southern San
Joaquin Valley region. Predicted CO concentrations are under-predicted for the entire
simulation period. Ozone concentrations show excellent agreement with observations
for all the days. The NO concentrations also generally agree with the observations and
clearly reproduced the early morning traffic peak. The model captures the magnitude
as well as the diurnal variation of the NO..

Figure 2-13 shows the hourly averaged CO, ozone, NO and NO;, for the San Joaquin
Valley North region. Predicted CO concentrations generally match the observed
concentrations through July 29", but, the sharp peaks in the observations later in the
episode are not captured in the simulated concentrations. These sharp peaks,
however, are likely from some high-emitters near the observation site and cannot be
captured by a regional scale model. Ozone concentrations generally agree with the
observations, but some days are over-predicted. The NO concentrations also generally
agree with the observations and clearly reproduced the early morning traffic peak. The
predicted NO, concentrations are generally higher than the observations.

Figures 2-14 and 2-15 show the correlation between the unpaired peak and the mean
normalized bias for each individual site in a region. Through experience it has been
observed that, if the NB statistical metric is satisfied, then the GE statistic is also
satisfied. Hence, GE statistical results are not presented.

The results shown above were generated using NOAA's ‘placeholder’ MM5
meteorology. Since the first ‘placeholder’ version of the NOAA meteorology, CARB and
NOAA have been working together to improve the meteorological model performance.
A more recent NOAA meteorology, as described in the previous meteorology section,
was developed and used as an alternative input to air quality modeling simulations. The
model performance results using this alternative meteorological field are provided in
Tables 2-8 and 2-9 for 1-hour and 8-hour averaging periods, respectively. Using the
updated meteorology inputs slightly degrades the 1-hour model performance, but
improves the 8-hour model performance. However, as mentioned in section 1.2.2, this
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alternative wind field as well as the associated meteorological model options and inputs
are still in draft form and continue to be investigated.
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Table 2-6. 1-hour ozone performance by each region over the July 29-August 2, 2000
modeling period.

Region ID |Region Name 7/29/2000| 7/30/2000( 7/31/2000| 8/1/2000( 8/2/2000|Total
2|North Coast -99 0 -99 -99 -99 0
3|BAAQMD 1 0 0 0 1 2
4[MBAQMD 0 0 0 1 1 2
5|Sacramento Valley North 1 1 1 1 1 5
6[Sacramento Region 1 1 0 1 1 4
7|SJVAPCD Central 1 1 1 1 1 5
8|SJVAPCD Kern 1 1 1 1 0 4
9|SJVAPCD North 1 0 0 0 1 2

10|Sierra Nevada Central 0 1 0 1 1 3
11|SJVAPCD Above 3000 ft 1 1 1 1 1 5
12(South Central Coast 1 1 0 0 0 2
13|Sierra Nevada North 1 1 1 1 1 5
14|Desert 1 1 0 0 0 2
15|Nevada -99 -99 -99 -99 -99 0

Total: 10 9 5 8 9 41

Table 2-7. 8-hour ozone performance by each region over the July 29-August 2, 2000

modeling period.

Region ID |Region Name 7/29/2000| 7/30/2000( 7/31/2000( 8/1/2000( 8/2/2000|Total
2|North Coast -99 -99 -99 -99 -99 0
3|BAAQMD 1 0 0 0 1 2
4|MBAQMD -99 0 0 1 1 2
5|Sacramento Valley North 1 1 1 1 0 4
6[Sacramento Region 1 0 0 1 1 3
7|SJVAPCD Central 1 1 1 1 1 5
8|SJVAPCD Kern 1 1 1 1 1 5
9|SJVAPCD North 1 0 0 0 1 2

10(Sierra Nevada Central 1 1 0 1 0 3
11|SJVAPCD Above 3000 ft 1 1 1 1 0 4
12|South Central Coast 0 0 0 0 1 1
13|Sierra Nevada North 1 1 1 1 1 5
14|Desert 1 1 1 1 1 5
15|Nevada -99 -99 -99 -99 -99 0
Total: 10 7 6 9 9 41
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Figure 2-9. Hourly averaged CO, ozone, NO and NO;, for the Bay Area region over the
July 27 — August 2, 2000 modeling period.
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Figure 2-10. Hourly averaged CO, ozone, NO and NO, for the Sacramento region over

the July 27 — August 2, 2000 modeling period.
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Figure 2-11. Hourly averaged CO, ozone, NO and NO;, for the Central San Joaquin
Valley region over the July 27 — August 2, 2000 modeling period.
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Figure 2-12. Hourly averaged CO, ozone, NO and NO; for the Southern San Joaquin

Valley region over the July 27 — August 2, 2000 modeling period.
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Figure 2-13. Hourly averaged CO, ozone, NO and NO;, for the Northern San Joaquin

Valley region over the July 27 — August 2, 2000 modeling period.
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I-hour O3 Statistics, Bay Area
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I-hour O3 Statistics, Southern SJV
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Figure 2-14. Unpaired peak ratio vs. normalized bias for 1-hour ozone for the July 29 —
August 2, 2000 modeling period. Each dot represents one-day results for an individual
site.
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8-hour O3 Statistics, Bay Area
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Figure 2-15. Unpaired peak ratio vs. normalized bias for 8-hour ozone for the July 29 —
August 2, 2000 modeling period. Each dot represents one-day results for an individual

site.
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Table 2-8. 1-hour ozone performance by each region over the July 27-August 2, 2000
modeling period using the most recent NOAA meteorology (under ARB investigation)

Region ID Region Name 7/29/2000 7/30/2000 7/31/2000 8/1/2000 8/2/2000 Total
2 North Coast -99 0 -99 -99 -99 0
3 BAAQMD 1 1 1 1 1 5
4 MBAQMD 1 1 1 1 1 5
5 Sacramento Valley North 1 1 1 1 1 5
6 Sacramento Region 0 1 1 0 1 3
7 SJVAPCD Central 0 1 1 1 1 4
8 SJVAPCD Kern 0 0 1 0 0 1
9 SJVAPCD North 1 1 1 1 1 5
10 Sierra Nevada Central 0 1 1 0 0 2
11 SJVAPCD Above 3000 ft 0 0 0 1 1 2
12 South Central Coast 1 1 0 0 0 2
13 Sierra Nevada North 1 1 1 0 0 3
14 Desert 0 0 0 0 0 0
15 Nevada -99 -99 -99 -99 -99 0
Total: 6 9 9 6 7 37

Table 2-9. 1-hour ozone performance by each region over the July 27-August 2, 2000
modeling period using the most recent NOAA meteorology (under ARB investigation)

Region ID Region Name 7/29/2000 7/30/2000 7/31/2000 8/1/2000 8/2/2000 Total
2 North Coast -99 -99 -99 -99 -99 0
3 BAAQMD 1 0 1 1 1 4
4 MBAQMD -99 1 1 1 1 4
5 Sacramento Valley North 1 1 1 1 1 5
6 Sacramento Region 1 1 1 1 1 5
7 SJVAPCD Central 1 1 1 1 1 5
8 SJVAPCD Kern 1 1 1 1 1 5
9 SJVAPCD North 1 0 0 1 1 3
10 Sierra Nevada Central 1 1 1 0 0 3
11 SJVAPCD Above 3000 ft 0 1 1 1 1 4
12 South Central Coast 1 1 1 1 1 5
13 Sierra Nevada North 1 1 1 1 0 4
14 Desert 1 0 1 1 1 4
15 Nevada -99 -99 -99 -99 -99 0
Total: 10 9 11 11 10 51
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1 Conclusion — Cumulative 1-hour and 8-hour Days

Per the prior discussion of performance statistics and analyses of model performance,
Tables 3-1 and 3-2 provide a summary of 1-hour and 8-hour episode days that meet
model performance criteria for both episodes. As noted previously with regard to these
types of tables, for days that a region meets the associated performance criteria a value
of 1 is assigned. A value of 0 means that region doesn’t meet the criteria for the
respective day and, if there is no model simulated concentrations above 60ppb, then
-99 is assigned.

As is illustrated in the tables, of 10 possible days per region (5 per episode), 2-10 days
are available for each region based on 1-hour metrics and, with the exception of the
North Coast (1 day), 1-9 days are available based on 8-hour metrics.
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Table 3-1. Combined Number of Available Days Per Subregion Under 1-hour Metrics
July July-Aug

Region Name 1999 2000 Total

North Coast 2 0 2
BAAQMD 4 2 6
MBAQMD 2 2 4
Sacramento Valley North 3 5 8
Sacramento Region 5 4 9
SJVAPCD Central 5 5 10
SJVAPCD Kern 1 4 5
SJVAPCD North 2 2 4
Sierra Nevada Central 1 3 4
SJVAPCD Above 3000 ft 3 5 8
South Central Coast 3 2 5
Sierra Nevada North 3 5 8
Desert 0 2 2
Nevada 2 0 2

Total] 36 41 77

Table 3-2. Combined Number of Available Days Per Subregion Under 8-hour Metrics
July July-Aug

Region Name 1999 2000 Total
North Coast 1 0 1
BAAQMD 1 2 3
MBAQMD 1 2 3
Sacramento Valley North 4 4 8
Sacramento Region 5 3 8
SJVAPCD Central 3 5 8
SJVAPCD Kern 4 5 9
SJVAPCD North 3 2 5
Sierra Nevada Central 2 3 5
SJVAPCD Above 3000 ft 3 4 7
South Central Coast 3 1 4
Sierra Nevada North 3 5 8
Desert 1 5 6
Nevada 3 0 3
Total 37 41 78
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Appendix — Information Available for Downloading

Anonymous ftp to eos.arb.ca.gov, then change directories to /pub/outgoing/model_protocol2

Model [Episode [Task/ltem Complete? [File Name on eos.arb.ca.gov
AQ 1999Regional daily tabulation of 1-hour performance results (1,0-99) Y Included in document
AQ 1999Station-specific tabulation of 1-hour performance results (1,0,-99) Y 1999 ozone performance by each station.doc
AQ 1999Station-specific tabulation of 1-hour performance STATISTICS Y 1999.050c.1h03.doc
AQ 1999 Station-specific time-series plots of 1-hour ozone Y 1999.pdf.zip
Station-specific time-series plots of 1-hour precursors (CO, NO,
AQ 1999N02); ok to combine w/ ozone Y 1999.pdf.zip
AQ 1999Regional daily tabulation of 8-hour performance results (1,0-99) Y Included in document
AQ 1999Station-specific tabulation of 8-hour performance results (1,0,-99) Y 1999 ozone performance by each station.doc
AQ 1999Station-specific tabulation of 8-hour performance STATISTICS Y 1999.050¢.8h03.doc
AQ 2000Regional daily tabulation of 1-hour performance results (1,0,-99) Y Included in document
AQ 2000/Station-specific tabulation of 1-hour performance results (1,0,-99) Y 2000 ozone performance by each station.doc
AQ 2000/Station-specific tabulation of 1-hour performance STATISTICS Y 2000.050¢.1h03.doc
AQ 2000Station-specific time-series plots of 1-hour ozone Y 2000.pdf.zip
Station-specific time-series plots of 1-hour precursors (CO, NO,
AQ 2000N02); ok to combine w/ ozone Y 2000.pdf.zip
AQ 2000Regional daily tabulation of 8-hour performance results (1,0,-99) Y Included in document
AQ 2000Station-specific tabulation of 8-hour performance results (1,0,-99) Y 2000 ozone performance by each station.doc
AQ 2000/Station-specific tabulation of 8-hour performance STATISTICS Y 2000.050c.8h03.doc
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Anonymous ftp to eos.arb.ca.gov, then change directories to /pub/outgoing/model_protocol2

Model [Episode [Task/ltem Complete? |File Name on eos.arb.ca.gov
Wind Speed Statistics per Performance Region (RMSE < 2 m/s;
Met 1999Bias::< £0.5 m/s; I0A:3 0.6) Y Included in document
\Wind Direction Statistics per Performance Region(Gross Error:< 30
Met 1999deg; Bias:< £10 deg) Y Included in document
Temperature Statistics per Performance Region(Gross Error:< 2 K;
Met 1999Bias:< £0.5 K; I0A® 0.8) Y Included in document
Met 1999Station-specific, time-series plots of hourly mean air temperature  |Y July1999.met.regionN.pdf, where N is region number
Met 1999Station-specific, time-series plots of hourly mean wind speeds. Y same as above
July1999 surface_hourly_wind.EEEE.pdf, where
Met 1999Domain-wide spatial plots of hourly wind vectors Y EEEE is simulation ID
Met 1999|Domain-wide, spatial plots of hourly air temperatures N
P/\/ind Speed Statistics per Performance Region (RMSE < 2 m/s;
Met 2000Bias::< £0.5 m/s; I0A: 0.6) Y Included in document
\Wind Direction Statistics per Performance Region(Gross Error:< 30
Met 2000deg; Bias:< +10 deg) Y Included in document
Temperature Statistics per Performance Region(Gross Error:< 2 K;
Met 2000Bias:< 0.5 K; IOA? 0.8) Y Included in document
Met 2000iStation-specific, time-series plots of hourly mean air temperature Y <<to be posted>>
Met 2000iStation-specific, time-series plots of hourly mean wind speeds. Y <<to be posted>>
Met 2000Domain-wide spatial plots of hourly wind vectors Y Included in document
Met 2000Domain-wide, spatial plots of hourly air temperatures N
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CORROBORATIVE ANALYSES/WEIGHT OF EVIDENCE ELEMENTS
Prepared by Air Resources Board
Date: March 1, 2007

SAN JOAQUIN VALLEY AIR BASIN: OZONE

Historical Context

Over the years, ozone has posed a persistent problem in the San Joaquin Valley Air
Basin (SJV or Valley). Looking at ozone air quality from an historical perspective is
challenging because of the lack of long-term sites in this area. Between 1975 and
1990, monitoring began at a number of sites, but was discontinued after several years.
Furthermore, these transient monitors did not include sites in the worst areas of the
central and southern portions of the Basin. For these reasons, 1990 was chosen as the
start year for long-term trends in the SJV. 1990 is the first year for which Arvin,
consistently one of the highest sites in the Valley, has complete data during the May
through October ozone season. In addition, data are available for a number of other
typically high concentration sites, including Clovis, Edison, Parlier, and several Fresno
area sites.

Over the long-term, emissions control programs have improved ozone air quality in the
SJV, but not to the same degree as seen in other areas of California, including the
South Coast Air Basin. Both the climate and geography of the Valley present significant
challenges to progress in the SJV. Figure 5-1 shows the 1990 to 2005 basinwide trends
for several air quality indicators. Because the trend lines for both federal 8-hour
exceedance days and maximum concentrations reflect values for individual years, they
show a fair amount of variability, with only a small amount of progress over the 15-year
period. The decrease in the number of exceedance days in the SJV over the last

ten years was more substantial than the decrease in maximum concentrations. In
contrast to these two indicators, the other two indicators

Figure 5-1: San Joaquin Valley Air Basin Ozone Statistics 1990 to 2005
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* The design value for 1990 is based on 2 years of data, while the design values for all other years are based on 3 years of data.
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shown on the graph, the design value and the mean of the maximum concentrations on
the Top 30 days, are less variable because these indicators are more robust. While
these two indicators show less change over the 15-year period, the 2005 values are
lower than the 1990 values.

Although not shown in Figure 5-1, perhaps the greatest indicator of ozone air quality
improvement in the SJV is the reduction in population-weighted exposure. This
indicator shows a 50 percent reduction in exposure to concentrations above the level of
the federal 8-hour standard between 1990 and 2005. Despite the gains in improving
population-weighted exposure, the magnitude of the problem in the SJV is severe, and
this area will face tremendous challenges in reaching attainment.

Assessment of Recent Air Quality Trends

General Basinwide Perspective

Over the years, ozone improvement in the SJV has lagged behind other areas of
California, and the Valley ranks second only to the South Coast Air Basin with respect
to the nation’s worst ozone air quality. Modest levels of progress have occurred in the
SJV over the last ten years, with a 15 percent drop in maximum concentration, a

5 percent drop in design value, and a 35 percent drop in exceedance days between
1995 and 2005 (refer to Figure 5-1). However, most of this improvement has occurred
since 2003. While values for 2006 were up slightly from 2005 (maximum concentration
of 0.121 ppm and 86 exceedance days), they were still among the lowest values over
the last 15 years. Although ozone levels in the SJV are not as high as in the South
Coast, maximum concentrations during 2006 were still more than 40 percent higher
than the federal standard, with nearly three months of exceedance days each year.

While ozone levels are still unhealthy, modest improvements over the years have
resulted in a reduction of the extent of the problem, especially in the northern portion of
the Valley. The maps in Figure 5-2 are based on monitoring data and show the
reduction in days exceeding the national 8-hour standard over the last decade (1995 to
2005), throughout the San Joaquin Valley Air Basin, thereby providing an estimate of
the spatial extent of the ozone problem. Ten years ago (1993 to 1995 average map),
more than half of the SJV experienced between 21 and 50 federal 8-hour exceedance
days, with the worst site experiencing about 90 days. Areas in the northern SJV were
cleaner than areas in the central and southern Valley. However, only a relatively small
portion of the Basin averaged 10 or fewer exceedance days.
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Figure 5-2: San Joaquin Valley Air Basin Change in Federal 8-Hour Exceedance
Days 1995 to 2005
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Today (2003 to 2005 average map), we see a substantial expansion of areas with 10 or
fewer exceedance days. Ambient concentrations in most of

San Joaquin and Stanislaus counties are now below the level of the federal 8-hour
ozone standard. Much of the rest of the Valley experiences an average of only 6 to 20
exceedance days per year. Areas with more than 20 exceedance days are now
generally limited to the eastern portion of the central and southern SJV. While the
extent of these areas is much smaller than during 1995, the areas of poor ozone air
quality are also some of the most heavily populated (Fresno and Kern counties). Even
though these areas still pose a substantial challenge, the worst sites show an average
reduction in exceedance days of approximately 35 percent over the last ten years.

In summary, although there has been some progress in the SJV over the last ten years,
the rate of progress has been slow in comparison to other areas of the State. Overall,
the trend lines for various air quality indicators, including maximum concentration,
exceedance days, design value, and mean of the Top 30 concentrations, are relatively
flat, with some year-to-year variability caused by meteorology (refer to Figure 5-1).
Most of the progress seen over the last 15 years has occurred since 2003. While there
has been only a 15 percent decrease in maximum concentration since 1995, the
decrease in the number of exceedance days has been more substantial, at close to

35 percent. In spite of the slow rate of progress, the ozone problem is now confined
mostly to the central and southern portions of the Valley, as continued emissions
reductions have been successful in shrinking the spatial extent of the problem areas. At
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the same time, the “clean” areas have expanded substantially, and nearly all of

San Joaquin and Stanislaus counties now have air quality that meets the federal 8-hour
standard. However, although these counties are generally clean with respect to ozone,
emissions from the northern SJV area can impact ozone air quality in other portions of
the Valley.

Regional Analyses

The basinwide air quality indicators for the SJV show limited progress because they are
dominated by the high sites, which pose the most severe problems. However, when the
Basin is subdivided into different regions, different patterns of progress emerge. For the
following discussion, the Valley is divided into three general areas, as shown in

Figure 5-3: the northern SJV, the central SJV, and the southern SJV. For convenience,
these regions are divided along county boundaries. However, they generally represent
three distinct areas with respect to geography, meteorology, and air quality. While
ozone air quality within each of the three subregions tends to be similar, the level of air
quality and rates of progress from one area to another can vary substantially.

Figure 5-3: San Joaquin Valley Air Basin Subregions
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A third of the Basin population lives in the northern SJV. This lowland area is bordered
by the Sacramento Valley and Delta lowland to the north, the central portion of the SJV
to the south, and on the other two sides by mountains. Because of the marine
influence, which extends into this area through gaps in the coastal mountains to the
west, the northern SJV experiences a more temperate climate than the rest of the
Basin. These cooler temperatures and the predominant air flow patterns generally favor
better air quality.

In contrast to the northern SJV, most of the Valley population lives in the central and
southern portions of the Basin, in and around the Fresno and Bakersfield urban areas.
Sites in the central and southern areas exceed the federal standard by the greatest
margin, and geography, emissions, and climate pose significant challenges to air quality
progress. Similar to the northern SJV, the central and southern SJV are also low lying
areas, flanked by mountains on their west and east sides. The southern SJV
represents the terminus of the Valley and is flanked by mountains on the south, as well.
The surrounding mountains in both areas act as barriers to air flow, and combined with
recirculation patterns and stable air, trap emissions and pollutants. The higher
temperatures and more stagnant conditions in these two regions lead to a build-up of
ozone and overall poorer air quality. In addition to the urban air quality problems,
emissions and pollutants from these areas are transported downwind, making for even
poorer air quality in downwind areas such as Arvin and the Sequoia National Park.

ARB staff completed an analysis of ozone episodes that occurred in both the central
and southern SJV during 2004 and 2005. Based on these data, high ozone
concentrations occurred as multi-day episodes more than 65 percent of the time, in both
regions. Furthermore, episodes with higher federal 8-hour concentrations typically
spanned a greater number of days, with the highest concentrations occurring in the
middle of the episode period. During 2004 and 2005, more than 75 percent of the
central SJV ozone episodes showed their highest 8-hour concentration at sites located
within the Sequoia National Park. During more than 40 percent of the episodes,
exceedances were limited only to sites located within the Sequoia National Park. While
the downwind Sequoia sites tend to be the most problematic in the central SJV, is it
interesting to note that very few central SJV episodes began prior to the start of an
episode in the southern SJV. In fact, nearly 90 percent of the central SJV episodes
started on the same day or during an ozone episode in the southern SJV. The most
problematic site in the southern SJV is Arvin, and during 2004 and 2005, about 95
percent of the southern SJV ozone episodes showed their highest 8-hour concentration
at Arvin.

Figure 5-4 shows the average number of exceedance days during 1995 and 2005 for
each of the subregions mapped in Figure 5-3. Two sites, Sequoia National Park-Lower
Kaweah and Arvin are plotted separately, and therefore, data for these two sites are not
included in the totals for the central and southern SJV areas. The Sequoia National
Park-Lower Kaweah and Arvin sites are located downwind of the Fresno and
Bakersfield urban areas, respectively, and tend to have poorer air quality.
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The northern SUVAB continues to be far cleaner than the other areas of the SJV. Over
the last decade, the number of exceedance days in this area has decreased about

70 percent. During 2005, about 80 percent of the days during the May through October
ozone season were below the more stringent State 8-hour standard. However, while
the number of days in this region has shown improvement, Modesto stands out as the
high site in the northern SJV.

Figure 5-4: San Joaquin Valley Air Basin Change in Number of Federal 8-Hour
Exceedance Days by Subregion 1995 and 2005
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From north to south, the severity of the ozone problem in the SJV generally increases.
Between 1995 and 2005, the number of exceedance days at sites in the central SJV
(excluding the Sequoia area) decreased 55 percent. Although the decrease is still
relatively high, the number of days in the central SJV during 2005 was five times higher
than in the northern SJV. The number of exceedance days in the southern SJV
(excluding Arvin) decreased about 65 percent during the last decade, and the number of
exceedance days during 2005 was just slightly higher than the number of days in the
central SJV. With respect to days below the State 8-hour standard, about 40 percent of
the days during the ozone season were below this level in both the central SJV and the
southern SJV areas during 2005. Similar to the basinwide trends, most of the progress
in the central and southern SJV subregions has occurred since 2003.

The sites downwind of the Fresno and Bakersfield urban areas continue to pose the
most severe problems in the SJV, and improvements in these areas have been much
slower than in other areas. Arvin has always been one of the high sites in the Basin.
Between 1995 and 2005, federal exceedance days declined about 30 percent, which is
lower than the rate seen at other sites in the southern
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SJV region. In contrast, sites located at higher elevations in the Sequoia National Park
have shown worsening ozone air quality over the last several years. Between 1995 and
2005, the number of federal exceedance days actually increased more than 75 percent
at the Sequoia-Lower Kaweah site. This increase highlights the problem of transported
emissions and pollutants from the upwind urban area. The Sequoia-Lower Kaweah site
was used in this comparison because it is a long-term site with data for both 1995 and
2005. However, it should be noted that during 2005, the Sequoia-Kings Canyon site
had even poorer air quality. In fact, during 2005, the Kings Canyon site had the same
number of exceedance days as Arvin, as well as a similar maximum concentration.

Similar to exceedance days, concentrations have also been decreasing at a faster rate
in the urban areas than at Arvin or Sequoia. Peak concentrations, as measured by the
mean of the Top 4 daily concentrations, decreased only 3 percent over the last five
years at Arvin and increased in the Sequoia area. However, the same indicator
decreased at twice that rate in the Bakersfield and Fresno urban areas. Today, the 4"
highest 8-hour ozone concentration averages 0.095 ppm for sites in both urban areas,
compared with 0.105 ppm five years ago. Similarly, the mean of the Top 30
concentrations for both urban areas is declining and is now close to the level of the
federal standard. The mean of the Top 30 concentrations is 0.084 ppm for the
Fresno/Merced area and 0.089 ppm for the Bakersfield region. Five years ago, both of
these urban areas had mean Top 30 concentrations greater than 0.100 ppm. Although
the mean of the Top 30 concentrations is not directly comparable to the federal
standard, it is a fairly stable statistic that is less influenced by year-to-year changes in
meteorology. Therefore, it provides an indication of how concentrations on the worst
days of the year are changing over time.

In summary, there have been changes in the patterns of exceedances on a subregional
basis in the SJV over the last ten years. Today, the numbers of exceedance days in all
areas except the Sequoia region are smaller than they were ten years ago. The most
progress occurred in the northern SJV, and ozone concentrations in this area are now
below the level of the more stringent State 8-hour standard 80 percent of the time
during the ozone season. Trends in peak

ozone concentrations reflect similar subregional differences. Based on current air
quality and past trends, the areas downwind of Bakersfield and Fresno pose the most
difficulty for attainment.

Meteorology and Air Quality Trends

Ozone in the ambient air is the result of several factors, two of the most important being
pollutant emissions and meteorology. The meteorological and photochemical
processes leading to ozone formation are somewhat complex, involving interactions
both at the surface and in the upper air. However, they can be characterized in very
general terms: strong sunlight and weak dispersion generate relatively high ozone
levels, while weak sunlight and strong dispersion generate relatively low ozone levels.
Meteorology, or weather conditions, can vary widely, and these day-to-day conditions
strongly influence ambient ozone concentrations.
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The previous trends discussion looked at air quality as measured at ambient monitoring
sites, without any consideration of or adjustment for meteorological variability. The
following discussions characterize the effects of meteorological conditions on ozone
concentrations and use different methods of accounting for meteorological variability.
These analyses are an effort to better understand the impact of meteorology on air
quality and thereby track improvements attributable to emissions reductions. One of the
goals of these analyses is to determine the role meteorology has played in the SUVAB,
where ozone improvement has lagged behind other areas of the State. Although ozone
improvements have been slower to occur in the SJV, the following analyses show that
modest progress has occurred.

High Ozone Forming Potential

As one approach to help understand the types of meteorological conditions leading to
high ozone concentrations, ARB staff completed an analysis of ozone and meteorology
using Classification and Regression Tree (CART) techniques. The CART analysis
determined rules that separated days into 15 groups, based on the degree to which
weather conditions favor ozone formation. The CART rules used daily data for surface
air temperature, air temperature at 1500 meters', wind speed/direction, atmospheric
stability, and other factors in relation to daily maximum 8-hour ozone concentrations.
From the 15 groups, a subset with high average ozone levels and containing on
average about one-third of the ozone season were considered to represent high ozone
forming potential (OFP).

The analysis, presented in Figure 5-5, shows the number of days with high OFP along
with the number of days exceeding the federal 8-hour ozone standard each year (three-
year moving means). The changes in exceedance days relative to the changes in high
OFP days helps distinguish changes due to meteorology from changes due to
emissions reductions. Progress is shown when the number of exceedance days
decreases in relation to the number of high OFP days.

The two lines generally track together, indicating that year-to-year changes in
exceedance days have been largely attributable to year-to-year changes in weather,
rather than changes in emissions. Relative to the high OFP line, however, the number
of exceedance days has decreased. During the 1990’s, the trend for exceedance days
averaged 14 days above the trend for high OFP days. Since 1999, however, the trend
for exceedance days averaged 4 days below the trend for high OFP days, indicating a
“real” decrease of about 18 days.

' Above sea level
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Figure 5-5: San Joaquin Valley Air Basin Three-Year Means of Federal 8-Hour
Exceedance Days and High OFP Days 1990 to 2005
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*Based on a CART model relating meteorology to the basinwide daily maximum 8-hour ozone from 1990 - 1992.

Furthermore, the unsmoothed trends in Figure 5-6 show the 68 exceedance days
measured in 2005 was a new low for the Basin (note that the 68 exceedance days
reflects only those occurring during the May through October ozone season). Three
years, 1990, 1997, and 1999, had OFP values similar to 2005, but exceedance days
during these years averaged 13 days above the OFP trend. In contrast, the 68
exceedance days measured during 2005 were 13 fewer than the number of high OFP
days. These results indicate that some real progress in reducing ozone is now taking
place in the SJV, as increasingly adverse meteorological conditions are needed to
create ozone levels exceeding the federal 8-hour standard.

Meteorologically Adjusted Trends

As discussed above, meteorological parameters such as temperature, pressure, and
wind speed are systematically correlated with sunlight and dispersion, and they can be
used in formulas that predict daily ozone levels. As a second method to address the
role of meteorology, a statistical model that predicts daily maximum ozone on the basis
of daily meteorological data was used to adjust daily ozone observations.
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Figure 5-6: San Joaquin Valley Air Basin Federal 8-Hour Exceedance Days
and High OFP Days 1990 to 2005

San Joaquin Valley Ozone Trends
(Federal 8-hour Exceedance Days and "High OFP" Days)*
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*Based on a CART model relating meteorology to the basinwide daily maximum 8-hour ozone from 1990 - 1992.

First, days from the May through October ozone season for the years 1990 to 2005
were assigned to separate groups based on pressure and temperature gradients, along
with selected wind speeds and directions. Together, three of the groups accounted for
the vast majority of exceedance days during the ozone season in the San Joaquin
Valley. For each of these groups, data from 1990 through 1993 were used to calibrate
a within-group model to predict daily maximum 8-hour ozone from daily weather data.
The limited span of years was used for calibration so that when it was applied for all the
years (1990 through 2005), it would provide a level playing field for meteorological
effects, apart from the influence of changes in emissions.

Met-adjusted trends are presented in the following three figures. The figures are based
on data for basinwide daily maximum ozone concentrations after these have been
reconciled to long-term meteorological norms regarding group frequencies and
concentrations within each group. The three lines on each graph represent the mean of
the Top 10, Top 20, and Top 30 met-adjusted concentrations. The trends in Figures 5-8
and 5-9 were smoothed using a three-year moving mean, because the process of
met-adjustment does not remove all meteorological effects perfectly, and other factors
also affect the year-to-year changes.

Figures 5-7 and 5-9 show that ozone declined approximately five percent from 1990 to
2005. An upswing in the trend from 2001 to 2004 may be attributable to meteorological
effects for which the process of met-adjustment is incomplete.
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Figure 5-7: San Joaquin Valley Air Basin Ozone Trends 1990 to 2005 Adjusted

for Meteorology

San Joaquin Valley Air Basin -- Basinwide Ozone Trends
(Annual Means for Top 10, Top 20, and Top 30 Met-Adjusted Daily Max 8-Hour Obs.)*
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* Relationship between ozone and meteorology was calibrated using data from 1990-1992.

Figure 5-8: San Joaquin Valley Air Basin Three-Year Mean Ozone Trends
1990 to 2005 Adjusted for Meteorology

San Joaquin Valley Air Basin -- Basinwide Ozone Trends
(Annual Means for Top 10, Top 20, and Top 30 Met-Adjusted Daily Max 8-Hour Obs.)*
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*Relationship between ozone and meteorology was calibrated using data from 1990-1992.

Following the upswing, the met-adjusted values for 2005 reached a new low for all three
indicators, indicating that modest improvement (5 percent) in ozone occurred in the San
Joaquin Valley in the 2000s, compared to the 1990s. It is also noteworthy that this
progress has been similar for all three indicators: mean of the Top10, Top20, and
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Top30 ozone concentrations. This shows that the Top 30 (top 16 percent?) summer

ozone concentrations have responded very similarly to emissions reductions in the SJV
since 1990.

Figure 5-9: San Joaquin Valley Air Basin Ozone Trends 1990 to 2005 Adjusted
for Meteorology and Expressed as a Percentage of the Base Year

San Joaquin Valley Air Basin -- Basinwide Ozone Trends
(Annual Means for Top 10, Top 20, and Top 30 Met-Adjusted Daily Max 8-Hour Obs.)*

110%

105%

100% -

95% -

90%

Moving 3-Year Mean Ozone (% 1990-1992)

85% T T T T T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Year
= & Mean of Top 10 =8 'Mean of Top 20 —&— Mean of Top 30

*Relationship between ozone and meteorology was calibrated using data from 1990-1992.

The above analyses use different methods to account for the variable impacts of
meteorology on ozone air quality. Results of these analyses confirm that progress has
occurred in the San Joaquin Valley Air Basin, especially during the last several years.
Although adjusting ozone air quality for meteorology does not change the overall
flatness of the trend in the SJV throughout most of the analysis period, it does show
some measure of real progress during the most recent years.

Emissions and Precursor Trends

Oxides of nitrogen (NOx) and reactive organic gases (ROG) are precursors to ozone.
Emissions controls have reduced the amounts of these precursors throughout the
Basin, resulting in the modest improvement in ozone air quality observed in the SJV.
The following sections describe the NOx and ROG emissions trends in the SJV since
1990, as well as the amounts of these precursors measured in the ambient air.

Emissions Trends

Emissions controls have substantially reduced the amounts of both ROG and NOx
emitted by various sources throughout the San Joaquin Valley. Figure 5-10 shows the
estimated basinwide trend in these precursor emissions from 1990 to 2005. The totals

2 The May — October ozone season has 184 days, of which 30 is 16%.
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reflect estimates for the summer season in tons per day and do not include emissions
from natural sources.’

Figure 5-10: San Joaquin Valley Air Basin NOx and ROG Emissions 1990 to 2005

San Joaquin Valley Air Basin NOx & ROG Emissions
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Since 1990, there has been a steady decrease, basinwide, in both ROG and NOx
emissions, at an average rate of about 2 percent per year for both precursors.
However, the overall reduction in ROG emissions (35 percent) has been greater than
the overall reduction in NOx emissions (25 percent). Furthermore, the level of NOx
emissions (in tons per day) is greater than the level of ROG emissions throughout the
time period. The relative amounts of the two precursors have been fairly constant over
the sixteen years, and the ratio of ROG to NOx emissions has remained relatively
stable, with annual ratios ranging from 0.73 to 0.62, and averaging 0.66 for all years.

Figures 5-11 and 5-12 show the emissions trends for the three SJV subregions, which
look very similar to the basinwide trends. In all three areas, NOx

emissions are at a higher level than ROG emissions over the entire time period. The
overall average ROG to NOx emissions ratios are 0.67 for the northern SJV, 0.74 for the
central SJV, and 0.56 for the southern SJV. The percentage reductions of ROG and NOx
vary by subregion, with all three areas showing a greater percentage of ROG reduction.
Overall, the greatest reductions (with respect to both percentages and tons per day)
occurred in the southern SJV.

® ARB did not publish an emissions inventory for the 1992 calendar year. Historical point source emissions data are
utilized in the construction of emission trends. Therefore, to avoid any misrepresentation of the trend data, 1992 is
left out rather than being mathematically estimated with either interpolation or backcasted information.
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Figure 5-11: Northern and Central SJV ROG and NOx Emissions 1990 to 2005
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Figure 5-12: Southern SJV ROG and NOx Emissions 1990 to 2005

San Joaquin Valley Air Basin NOx & ROG Emissions
Southern SJV - Summer SIP Inventory - Ver 1.06
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Precursor Trends

As a result of the reduction in overall emissions as estimated by the emissions

inventory, amounts of ROG and NOx in the ambient air have also been reduced.
Ambient monitoring data from the Photochemical Assessment Monitoring Stations

(PAMS) network plotted in Figure 5-13 show reductions in both

precursors. Since 1994, ROG, as measured by the PAMS network in the SJV, shows

an overall reduction of approximately 50 percent. Coupled with the
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reduction in ROG is a reduction in the reactivity of the hydrocarbon mix (also
approximately 50 percent from 1994 to 2004). During this same timeframe, ambient
NOx concentrations decreased approximately 60 percent, with most of the decrease
occurring between 1994 and 1995. Between 1995 and 2004, ambient NOx
concentrations were flatter, with only a modest reduction of about 5 percent. Because
ambient ROG levels have changed faster than NOx levels, the ratio of ROG to NOx has
decreased from 5.0 in 1994 to 2.9 in 2004. The overall trends from the ambient
monitoring network are generally consistent with the trends in estimated emissions in
that they both show ROG decreasing at a faster rate than NOx, especially during the
last decade.

Figure 5-13: San Joaquin Valley Air Basin Summer Morning Average ROG,
Reactivity, and NOx at PAMS Stations

July-August Average at SJVAPCD PAMS Stations (5-7 am/4-6 am)*
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*[B-hour ROG/PAMS samples were from either 5-7 am or 4-6 am. The same 55 compounds
ritios (orders of magnitude higher than the rest) for one or more compounds were identified/s

were used for 1994-2004. Several samples with very high mixing
‘excluded.

While both the emissions inventory derived ROG to NOx ratios and the ambient ROG to
NOx ratios have been declining, it is interesting to note that the ratio of ROG to NOx is
less than 1.0 based on the emissions estimates, while the ratio is greater than 1.0
based on the ambient data. Some of this difference may be due to the fact that the
ambient PAMS data are collected from 5:00 to 7:00 a.m., during which time ambient
NOx typically peaks from morning commute traffic. In contrast, the emissions
estimates reflect typical summer day averages. Further work is ongoing to understand
these differences.
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