5. CASE STUDY: DECEMBER 10-11, 1987

NO, concentrations on December 10-11, 1987 were higher than during any
other SCAQS episode; PMjy concentrations were also high. This episode has
been widely studied. This section is similar to Sections 3 and 4 beginning
with a description of the meteorology during the December 10-11 episode and
continuing with a description of pollutant concentrations at both surface
monitoring sites and aloft; including spatial and temporal concentration
patterns, vertical profiles of pollutants aloft, and comparisons of pollutant
concentrations at the surface and aloft.

5.1 EPISODE METEOROLOGY

~ The meteorology during the SCAQS has been well-described elsewhere
(e.g. Surface winds - Zeldin et al., 1989; Aloft winds - Douglas et al., 1991
and SCAQMD, 1990). The following paragraphs summarize the meteorology during
the December 10-11, 1987 episode.

5.1.1 Synoptic Meteorology

The December 10-11 episode was characteristic of the cool season
transition from a non-marine air mass to a moist marine layer during weak
offshore flow. Offshore pressure gradients produced 1light winds and weak sea
breezes, creating excellent conditions for the build-up of NO, and PMig,
primarily in the western half of the basin. On December 11, increasing
northerly winds in the eastern basin pushed the pollution front westward.

On December 10, a band of high pressure extended from central California
eastward across Nevada. A weak surface front was moving into northern
California. Surface low pressure off the coast of San Diego helped to produce
moderate offshore pressure gradients over southern California. For
December 11, surface high pressure was increasing rapidly over northern
California, creating a strong pressure gradient field from the southern
California coast northward. This caused weak Santa Ana (easterly) winds to
develop later in the day in the eastern basin.

5.1.2 Summary of Daily Meteorology

Figures 5-1 and 5-2 show surface streamline analyses prepared by Zeldin
et al. (1989) for December 10 and 11, 1987 at 0600, 1100, and 1600 PST. The
morning streamlines were similar on both days, while midday and afternoon
streamlines showed some differences. The surface winds are described in the
following paragraphs.

December 10. In the morning, surface winds were offshore with northerly
offshore flow over Orange County. Weak north-easterly flow was apparent over
much of the basin between 100 and 600 m agl. Overlying flow at 1000 m agl was
northerly. At 1100 PST, north-east flow occurred from the San Gabriel Valley,
across eastern Los Angeles County and northern Orange County toward Long
Beach. Onshore coastal flow was observed only in southern Orange County.
Winds aloft remained northerly. In the afternoon, a typical sea breeze
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pattern was evident, but with a convergence zone in the central San Fernando
Valley.

December 11. In the morning, surface winds were offshore and similar to the
previous day, although offshore flow over Orange County was easterly. Winds
aloft were north-westerly. At 1100 PST, a sea breeze flow was more evident
than the previous day with south-south-westerly flow across Orange County, and
south-westerly flow across western and central Los Angeles County. North-
easterly winds were still occurring in the San Bernardino area. Aloft winds
continued to be primarily northerly. In the afternoon, north-easterly flow
was more evident in the eastern basin which helped to counteract the sea
breeze. Northerly flow occurred over much of the San Fernando Valley. South-
south-easterly flow continued over Orange County, and westerly flow dominated
the central Los Angeles area. A convergence zone was observed in the eastern
basin.

5.1.3 Mixing Heights

Figures 5-3 and 5-4 show the mixing heights as determined from surface-
based soundings and aircraft spirals for December 10-11 by T.B. Smith (T.B.
Smith and Associates). At all sites except Loyola Marymount/Hawthorne, the
mixing height was significantly higher during the midday than at other times.
Maximum mixing heights reached about 800 m ms1 at Burbank and Ontario,
600 m ms1 at ET Monte, and 400 m ms1 at Long Beach and Fuilerton. The mixing
heights determined from aircraft spirals matched the nearby surface-based
meteorological soundings reasonably well.

5.2 DIURNAL POLLUTANT PROFILES AT THE SURFACE
5.2.1 0zone, NO, and NO,

On December 10, SoCAB maximum NO, concentrations occurred at Anaheim,
Long Beach, and La Habra (19 to 21 pphm). On December 11, maximum NO,
concentrations occurred at Anaheim, Burbank, and Pico Rivera (22-23 pphm).

Figures 5-5 and 5-6 show the diurnal profiles of ozone at the six fall
SCAQS surface B-sites. Ozone concentrations at Burbank and Anaheim were the
highest, while ozone concentrations at Hawthorne were the lowest. Peak
concentrations only exceeded 4 pphm at Burbank. At night, ozone
concentrations dropped to zero at all sites.

The diurnal profiles of NO and NO, are shown in Figures 5-7 and 5-8 for
the same sites. NO concentrations typically peaked in the early morning when
traffic emissions were high and mixing heights were Tow. NO concentrations
remained high overnight at all locations. The highest NO concentrations were
observed at Hawthorne, Long Beach and Los Angeles. NO, concentrations were
typically highest during the day, but exhibited a much weaker diurnal profile
than NO. NO, concentrations were lowest at Rubidoux and relatively similar at
the other sites.
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5.2.2

Particulate and Gaseous Species

Figures 5-9 to 5-21 show the diurnal profiles of the gaseous and

particulate pollutants measured at the six surface sites during the December
episode. The plots show PM;; and PM; s mass and species concentrations for the
most abundant PM, ; species; and for formic, acetic, and nitric acids. One-
hour averages for PAN and NMOC are also provided. Observations from these
figures include the following:

PAN concentrations (Figures 5-9, 5-10) peaked midday at the western
basin sites and in the afternoon at the central and eastern basin sites.
PAN concentration profiles were broader than the ozone profiles, but the
two pollutants peaked at about the same time. The highest PAN
concentrations were measured at Burbank, with 11 and 14 ppb on

December 10 and 11, respectively.

PMi; and PM; 5 mass (Figures 5-11, 5-12) concentrations were much higher
and exhibited less diurnal variation during the fall than during the
summer. Peak concentrations occurred in the afternoon and at night at
most sites. PM;p; and PM; 5 mass concentrations were highest at Anaheim
and Rubidoux on December 10, and Burbank and Los Angeles on December 11.
PM; 5 comprised a more significant portion of the PM;jg than during the
summer.

Nitric acid concentrations (Figures 5-13, 5-14) were Tow, typically less
than 5 ppb during this episode. The highest concentrations were
measured at Burbank in the afternoon (up to 20 ppb).

PM; s nitrate ion concentrations (Figures 5-13, 5-14) were highest at
Anaheim and Burbank. The lowest nitrate ion concentrations were
observed at Hawthorne. The timing of peak nitrate ion concentrations
varied.

Ammonia concentrations (Figures 5-15, 5-16) were as high as 50 ppb at
Hawthorne and Rubidoux on the afternoon of December 10. Ammonia
concentrations were 5 to 30 ppb at the other locations.

Ammonium jon concentrations (Figures 5-15, 5-16) were highest at
Rubidoux during the night. Ammonium ion concentrations were relatively
low at the other locations and exhibited 1ittle diurnal variation.

Organic carbon (0C) concentrations (Figures 5-17, 5-18) reached 25 to
30 pg/md at all the sites. Concentrations were highest overnight or
during the early morning.

Elemental carbon (EC) concentrations (Figures 5-17, 5-18) were about
half the OC concentrations. Peak concentrations were about the same at
all sites and were somewhat higher overnight and during the early
morning.

S0, concentrations (Figures 5-19, 5-20) were highest at Hawthorne and

Long Beach, with peak concentrations of about 10 ppb on December 11.
SO; and sulfate ion concentrations went up and down together.
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e Sulfate ion concentrations (Figures 5-19, 5-20) were highest at
Hawthorne, Long Beach, and Los Angeles on December 11, with peak
concentrations occurring in the midday at Hawthorne, afternoon at Los
Angeles, and evening at Long Beach. The lowest concentrations were
observed at Rubidoux. Sulfate ions were present mostly in the fine
aerosol, which is consistent with emissions and formation mechanisms.

« Acetic acid was more abundant than formic acid (Figure 5-21). The
difference was greatest during the midday. Organic acid measurements
were only made at Long Beach.

« NMOC concentrations (Figure 5-22) were similar on both days.
Concentrations were highest during the 0700 to 0800 PST sampling period.
Concentrations were similar across the basin during the different
sampling periods, except at Rubidoux, where concentrations were
significantly lower.

5.3  VERTICAL POLLUTANT PROFILES

The air quality aircraft flew two flights daily during the fall: early
morning and afternoon. On December 10, the morning flight was incomplete.
Measurements were described in Section 2 and spiral and orbit locations are
shown in Figure 2-10.

Vertical profiles of ozone, bg..t, NO, and NO, by site, date, and time of
day are shown in Figures 5-23 to 5-34. 1In these plots, the continuous data,
which were collected every second (about every 3 meters) during each spiral,
were averaged into 30 meter vertical bins. Data are plotted versus altitude
in meters above mean sea level (m msl). The following observations may be
made:

Morning:

e NO, and NO concentrations and b,y levels were greatest near the
surface. 0zone concentrations were low at these altitudes, probably
because of titration by fresh NO emissions.

« NO concentrations were very high near the surface, up to 500 ppb. NO
concentrations decreased sharply with altitude.

e Above about 600 m ms1, pollutant concentrations were near background
levels. This is in contrast to the summer profiles which showed
relatively high pollutant concentrations as high as 1500 m msl.

Afternoon:
e On both days above the mixed layer, pollutant concentrations were near
background levels. Again, this is in contrast to the summer profiles

which showed relatively high pollutant concentrations as high as
1500 m msT.
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e On December 11, ozone concentrations dropped off sharply near the
surface at Hawthorne and Fullerton. The formation of the nocturnal
boundary layer may have trapped fresh emissions of NO near the surface
resulting in a reduction in ozone concentrations.

« NO; and NO concentrations and bg.,: levels were lower while ozone
concentrations were higher at PADDR than onshore spiral locations on
December 11.

» Ozone and NO; concentrations and bg,: levels were higher on December 11
than on December 10 at all spiral locations.

5.4  CHARACTERISTICS OF ALOFT INTEGRATED SAMPLES TAKEN DURING ORBITS

Integrated aerosol and gaseous samples were made during constant-
altitude orbits using a modified version of the SCAQS sampler. These samples
were later analyzed for nitric acid, SO,, PAN, carbonyls, and particulate
sulfur and nitrogen species similar to the surface samples. Orbit locations
are shown in Figure 2-10. Samples were collected by the STI aircraft during
the SCAQS as described in section 2.2.2. The spatial distribution of these
species aloft has not been investigated in much detail in past studies.

We computed the mean values of air quality parameters measured during
the orbits and combined these parameters with the results of the filter
analyses. Figures 5-35 to 5-41 show the orbit-averages of nitric acid, PAN,
ozone, ammonia, SO;, NO,, and PM, 5 mass, organic and elemental carbon, nitrate
ion, sulfate jon, and carbonyl compounds by date, time of day (morning and
afternoon), and orbit location. In the morning, all but one of the samples
were collected above the mixing height. A1l the afternoon samples were
collected within the mixed layer. Note that orbit samples were only collected
at AMTRA and Long Beach. Hydrocarbon samples were collected during spirals at
Hawthorne, Fullerton and E1 Monte. Samples were usually collected at two
altitudes, one above 200 m ms1 and the other below 200 m ms1. NMHC samples
were collected at sufficiently different locations and altitudes from the
carbonyl compound samples that the data were not merged. Observations from
these figures include the following:

« Ozone, nitric acid, PAN, OC, and NO, concentrations were usually higher
in the afternoon than in the morning.

e PM; s mass, OC, and EC concentrations were highest within the mixed
layer.

e Elemental carbon, ammonia, sulfate ion, and SO, concentrations were Tow.
o Ammonium and nitrate ion concentrations were highest in the afternoon.
» Carbonyl compound concentrations were generally higher in the afternoon.

The C4+ carbonyl compounds comprised a large fraction of the total
carbon.
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e NMHC concentrations aloft were less than half the NMHC concentrations at
the surface. Surprisingly, some morning samples had higher NMHC
concentrations than the afternoon samples. The concentrations and
compositions of samples collected above and below 200 m msl varied.

5.5 COMPARISON OF SURFACE AND ALOFT POLLUTANTS

Air quality data at the surface are abundant both spatially and
temporally in the SoCAB. In contrast, aloft measurements of air quality are
rarely available. In this section, we compare the aloft measurements of
ozone, NMHC, and PM, ; mass and species made during December 10-11 with
surface measurements.

5.5.1 Comparison of Aloft and Surface NO, and bgcat

We investigated how well the aloft NO, concentrations and bgc,: at the
spiral Tocations compared to the measurements made at nearby surface sites.
Figures 5-42 to 5-46 show the surface and aloft measurements made during the
December 10-11, 1987 episode. Two values are shown in the figures for the
aircraft, the mixed-layer-average (MLA) and the 45-m average. The MLA was
computed by averaging the pollutant concentrations over the mixing height
(determined by T.B. Smith and Associates) in the afternoon. The 45-m average
is the average ozone concentration in the lowest 45 m of the aircraft spiral.
Most of the spirals during the fall SCAQS reached altitudes below 30 m agl.

The aircraft NO, measurements were in good agreement with the surface
measurements at some locations and times and in poor agreement at others. The
surface and aloft data from December 10 at Fullerton, Burbank, and Hawthorne
and from December 10-11 at Upland/Ontario and E1 Monte agreed well. The NO;
measurements from aircraft spirals at PADDR (offshore) did not match the
nearby surface-based soundings very well. The PADDR spirals were flown over
the ocean and thus, were less influenced by fresh emissions.

The aircraft bg,: measurements were in good agreement with the surface
measurements at E1 Monte and at Long Beach/PADDR, even though the latter
locations showed poor agreement for NO,. Most of the rest of the aircraft
measurements were lower than the surface. Many of the bg..t profiles showed
that bg.,+ decreased rapidly with increasing altitude.

5.5.2 Comparison of Aloft and Surface Particulate and Gaseous Species

Fourteen of the aloft hydrocarbon samples were collected within about
one hour of eight surface samples at nearby sites. Some of the aloft samples
were collected above the mixed layer, while others were collected within the
mixed layer. The composition of the 25 most abundant species in the matched
samples correlated very well, r2 = 0.63 to 0.95; the correlation was
independent of the altitude of the aloft sample. NMHC concentrations at the
surface were greater than aloft in most of the matched pairs. Surface and
aloft carbonyl compound concentrations were not compared because the aloft
acetone data and the Long Beach surface carbonyl data were invalid.
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We matched aloft samples collected during 30-minute orbits, with the
nearest surface site data collected during four-to six-hour periods. Ammonia,
and PM; 5 mass, ammonium ion, and sulfate ion concentrations aloft were almost
always less than the matched surface concentrations. However, PM,  elemental
carbon and nitric acid concentrations aloft were generally higher than at the
surface. PM, s nitrate ion and organic carbon concentrations were sometimes
higher and sometimes lower than matched concentrations at the surface.

5.6 THE PRESENCE AND STRUCTURE OF POLLUTED LAYERS ALOFT

In order to illustrate the structure of pollutant concentrations aloft,
we have constructed a 2-dimensional (2-D) plane from the surface to about
1500 m ms1 along a straight Tine from the coast to the eastern-basin (see map
in Figure 5-47). This Tine passes near the Hawthorne, E1 Monte, and Ontario
aircraft spiral locations. The PADDR, Burbank, and Fullerton spiral locations
do not Tie along this line, so we did not use these data in this analysis. We
next interpolated and contoured data from spirals along the line to a 2-D
plane which illustrates the pollutant structure aloft over the SoCAB. In the
figures, the darkened area along the bottom of the figure shows the
approximate ground level in the SoCAB.

Figure 5-48 shows ozone, bg,t, and NO, for the afternoon of December 10,
1987 (data were incomplete for the morning flight). Ozone and NO,
concentrations were highest over E1 Monte. In contrast, bg.: levels were
highest near the surface; levels were similar across the basin. Figures 5-49
through 5-51 show ozone, by, and NO; for the morning and afternoon of
December 11. Ozone concentrations were very low. In the morning, bg.: levels
were highest near the surface. Similar bg,: levels were observed across the
basin, with a slight increase in altitude of the bg..: layers inland. NO,
concentrations were 80 to over 100 ppb in a Tayer between 200 and 500 m ms]
over all three spiral locations. In the afternoon, ozone and NO,
concentrations were highest near Hawthorne. The bg.,: layers were more
horizontal than in the morning, but remained highest near the surface and
showed a similar magnitude across the basin.

5.7  ALOFT LAYER FORMATION

During the fall, the pollutants in the surface layer were present at
much higher concentrations than during the summer because of generally lower
mixing heights and stagnant wind conditions. Compared to the summer, fewer
polluted layers were observed above the surface lTayer. The fall layers also
had lower concentrations than summer layers. These aloft Tayers of pollutants
were formed by some of the same mechanisms as were observed in the summer,
including: the injection of pollutants aloft by stationary source emissions,
the injection of pollutants aloft by upslope flow in the afternoon, the
isolation of polluted material aloft by the nocturnal boundary layer, and the
transport of buoyant air parcels from the mixed layer into the inversion layer
(convective debris). Two mechanisms observed in the summer SCAQS were not
observed during the fall: undercutting of the afternoon mixed layer by the
sea breeze and injection aloft at a convergence zone.

5-7



Offshore flow and stagnation conditions were evident on each fall
intensive day. Pollutants in the mixed layer cnshore were sometimes pushed
offshore with the land breeze. Figure 5-52 shows backward particle
trajectories at 300 m agl beginning at 1500 PST December 11, 1987 and ending
at 0000 PST on December 10. The particle trajectories began at PADDR, Long
Beach, Los Angeles, Burbank, and Riverside. These trajectories, as well as
trajectories using surface and 100 m agl winds, indicated local recircuiation
of the winds which contributed to the build-up of pollutants within the SoCAB.
Pollutants which were carried offshore may become decoupled from the surface
by the marine layer and may be pushed onshore the next day, also contributing
to poliutant build-up.

Flow up the mountain slopes due to heating may carry pollutants aloft to
form layers above the surface mixing Tayer. Dispersion of this aloft Tayer
would be dependent on the aloft winds. The December 10-11 Tidar data were
incomplete and did not show this phenomenon. However, Tidar data for
December 3 clearly illustrated upslope flow (Roberts and Main, 1992). As in
the summer, this layer may or may not affect surface concentrations the next
day, depending upon transport and the mixing depth.

Fresh emissions of SO, and NO in narrow layers aloft were observed at
offshore, western-, and central-basin locations on a few days at fairly low
altitudes (300-500 m ms1). Concentrations were relatively low (SO; less than
about 25 ppb and NO typically less than 60 ppb). These layers may indicate
the presence of power plant or other stationary source emissions and will
probably be entrained into the mixed layer because of their Tow altitudes.
Figure 5-53 shows an example of a layer measured at Fullerton on the afterncon
of December 11, 1987 with elevated concentrations of S0,, NO,, NO, and bggat
and depleted ozone concentrations.

As the wind decreases during the early evening, the surface temperatures
in the SoCAB decrease markedly, resulting in the formation of a stable layer
close to the ground, the nocturnal boundary layer. The upper portions of the
polluted layer are cut off from the surface layer and begin to develop
different concentration characteristics than the surface layer. Sources of NO
reduce the ozone concentrations in the surface layer while the ozone at the
higher altitudes remains relatively unmodified. Evidence of the nocturnal
boundary layer was observed in most of the early morning vertical profiles,
when the mixing heights were usually less than 50 m agl (see Figures 5-30 and
5-31, for example). These elevated polluted Tayers are formed at a relatively
Tow altitude and thus, may be incorporated into the mixed layer the next day
depending upon transport of the polluted layer.
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Figure 5-3. Estimated Mixing Heights on December 10-11, 1987 at Burbank,
E1 Monte, and Long Beach Using Rawinsonde Temperature Data and
Nearby Aircraft Temperature and Air Quality Data. Elevations
are given for the upper air and aircraft measurement locations.
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~ Figure 5-5. Diurnal Ozone Concentrations on December 10-11, 1987 at Anaheim,
Burbank, and Hawthorne.
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Figure 5-6. Diurnal Ozone Concentrations on December 10-11, 1987 at Long

Beach, Los Angeles, and Rubidoux.
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Figure 5-13. Nitric Acid and PM, 5 Nitrate Ion Concentrations on December 10-
' 11, 1987 at Anaheim, Burbank, and Hawthorne.
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Figure 5-14. Nitric Acid and PM, 5 Nitrate Ion Concentrations on December 10-
11, 1987 at Long Beach, Los Angeles, and Rubidoux.
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Figure 5-15. Ammonia and PM, s Ammonium Ion Concentrations on December 10-11,

1987 at Anaheim, Burbank, and Hawthorne.
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Figure 5-16. Ammonia and PM, 5 Ammonium Ion Concentrations on December 10-11,
1987 at Long Beach, Los Angeles, and Rubidoux.
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Figure 5-17. PM; 5 Organic and Elemental Carbon Concentrations on December
10-11, 1987 at Anaheim, Burbank, and Hawthorne.
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Figure 5-21. Formic and Acetic Acid Concentrations on December 10-11, 1987 at
Long Beach.
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(see Section 2.1.3).
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Figure 5-35. Orbit-Averages of Nitric Acid, PAN, and Ozone Measured Aloft on
December 10-11 for Each Orbit Location. Morning samples were
collected above the mixed layer except the sample collected at
Long Beach on December 10. Afternoon samples were collected
within the mixed layer.
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Figure 5-36. Orbit-Averages of PM, s Mass, Organic Carbon, and Elemental
Carbon Measured Aloft on December 10-11 for Each Orbit Location.
Morning samples were collected above the mixed layer except the
sample collected at Long Beach on December 10. Afternoon
samples were collected within the mixed layer.
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Figure 5-37. Orbit-Averages of SO,, PM, 5 Sulfate Ion, and NO, Measured Aloft

on December 10-11 for Each Orbit Location. Morning samples were
collected above the mixed layer except the sample collected at

Long Beach on December 10. Afternoon samples were collected
within the mixed layer.
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Measured Aloft on December 10-11 for Each Orbit Location.
Morning samples were collected above the mixed layer except the
sampie collected at Long Beach on December 10. Afternoon
samples were collected within the mixed Tayer.
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Figure 5-39. Orbit-Averages of Carbonyl Compounds Measured Aloft on December
10-11, 1987. Morning samples were collected above the mixed
layer except the morning sample collected at AMTRA on December
10. Afternoon samples were collected within the mixed layer.
Acetone was invalid in all samples.
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Figure 5-42. Comparison of Surface NO, Concentrations With Mixed-Layer-
Average (MLA) and the Lowest 45-Meter Average (45 m) NO, at
(a) PADDR and (b) Hawthorne on December 10-11, 1987. The data
compared to the PADDR spiral are from the Long Beach surface
monitor.
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Figure 5-43. Comparison of Surface NO, Concentrations With Mixed-Layer-
Average (MLA) and the Lowest 45-Meter Average (45 m) NO, at
(a) Fullerton and (b) Burbank on December 10-11, 1987. The data

compared to the Fullerton spiral are from the Anaheim surface
monitor.
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3-Site Average/El Monte
December 10-11, 1987
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Figure 5-44. Comparison of Surface NO, Concentrations With Mixed-Layer-
Average (MLA) and the Lowest 45-Meter Average (45 m) NO, at
(a) E1 Monte and (b) Ontario on December 10-11, 1987. The data
compared to the E1 Monte spiral are from the average of the Pico
Rivera, Pasadena and Azusa surface monitors. The data compared
to the Ontario spiral are from the Upland surface monitor.
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December 10-11, 1987
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Figure 5-45. Comparison of Surface bg.,: Concentrations With Mixed-Layer-
Average (MLA) and the Lowest 45-Meter Average (45 m) NO, at
(a) PADDR and (b) E1 Monte on December 10-11, 1987. The data
compared to the PADDR and E1 Monte spirals are from the Long
Beach and Azusa surface monitors, respectively.
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Figure 5-46. Comparison of Surface bg..: Concenirations With Mixed-Layer-
Average (MLA) and the Lowest 45-Meter Average (45 m) NO, at
(a) Burbank and (b) Ontario on December 10-11, 1987. The data
compared to the Ontario spiral are from the Upland surface
monitor.
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Figure 5-49. Ozone Concentrations (ppb) Aloft During the (a) Morning and
(b) Afternoon of December 11, 1987. Ozone contours were
generated along a west-to-east plane from the coast near
Hawthorne to Ontario using data from aircraft spirals. The
shaded area approximately represents the ground.
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Figure 5-50. Light Scattering (bescat - Mm-i) Aloft During the (a) Morning and
(b) Afternoon of December 11, 1987. Contours were generated
along a west-to-east plane from the coast near Hawthorne to
Ontario using data from aircraft spirals. The shaded area
approximately represents the ground.
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Ontario using data from aircraft spirals. The shaded area
approximately represents the ground.
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Thin Layer of SO2 at Fullerton
Afternoon - December 11, 1987
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Figure 5-53. Profiles at Fullerton on the Afternoon of December 11, 1987 for
(a) Ozone, NO, NO,, SO, and (b) bscat- The layer of NO,, SO,,
and bgc,t centered at about 200 m ms1 may be due to buoyant point
source emissions.
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6. CONCLUSIONS AND RECOMMENDATIONS

The SCAQS air quality and meteorological data provide an opportunity to
improve the understanding of the spatial and temporal characteristics of
pollutants and species distributions at the surface and aloft in the SoCAB,
the formation mechanisms of aloft pollutant layers, and the importance of
these aloft Tayers to surface concentrations. These data also provide
information needed to refine the conceptual model of pollutant layer
formation, transport, and surface impact, and how these phenomena and species
distributions are modeled. Many separate data analysis and modeling projects
have been performed using the SCAQS data base. Case studies of three specific
pollutant episodes were performed to improve our understanding of the
evolution and sources of ozone and particulate matter concentrations in the
SoCAB by integrating techniques and results from the separate analysis and
modeling efforts. This section summarizes our conclusions and
recommendations.

6.1 CONCLUSIONS

Characteristics of diurnal profiles of pollutants at the surface and aloft
during the June and July summer SCAQS episodes:

e Al surface sites, diurnal profiles of primary species such as NO and
elemental carbon (EC) were highest during the morning and afternoon rush
hours, as expected for pollutants with motor vehicles as the major
emissions source; this typically caused ozone concentrations to be zero
at night. However, NO and EC concentrations at Anaheim were low all the
time and ozone concentrations there were not titrated to zero at night.

e Early morning NO concentrations were often high near the surface and
decreased significantly above about 300 m agl; NO concentrations were
typically low (less than 5 ppb) from the surface to 1500 m agl during
the midday and the afternoon. NO, concentrations during the midday and
the afternoon were highest in the mixed layer (typically 30-50 ppb) and
low at higher altitudes.

o Diurnal profiles of ozone, nitric acid, peroxyactyinitrate (PAN),
organic carbon (0C), and particulate mass were similar, with the highest
concentrations during the midday and low concentrations overnight. This
is consistent with the conceptual models of transport and chemistry.

e Diurnal profiles of ammonia and PM, 5 ammonium ion were also similar to
ozone with the highest concentrations during the midday and Tow
concentrations overnight. This is consistent with the conceptual models
of transport and chemistry. However, diurnal profiles of PM, s nitrate
concentrations often indicated two peaks, one during the midday and
another at night.

¢ Diurnal profiles of acetic and formic acid at Claremont and Long Beach

were also similar to ozone with the highest concentrations during the
midday and low concentrations overnight, except formic acid
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Aloft

concentrations were high during the early morning of July 13 at
Claremont. In addition, acetic and formic acid concentrations were low
at Long Beach on June 24-25. Acetic acid concentrations were typically
higher than formic acid concentraticns.

Concentrations of most pollutants aloft were alsoc typically highest
during the midday and lowest early in the morning. However, ozone
concentrations were often still quite high (up to 200 ppb) above the
nocturnal inversion in the early morning. This indicates that there is
a significant amount of pollutant carryover from one day to the next.

In fact, the thick Tayer of over 200 ppb ozone which existed over much
of the SoCAB on the morning of June 24 (the first day of intensive SCAQS
measurements) indicates that modeling of the June 24-25 episode started
with dirty conditions. Ozone concentrations on July 13 (the beginning
of the July 13-15 episode) were significantly cleaner.

lavers of pollutants during the June and July summer SCAQS episodes:

High concentrations of ozone and other pollutants often exist in aloft
layers covering much of the SoCAB. These Tayers are usually found at
altitudes near the top of the daytime mixed layer (the boundary layer).

The principal mechanisms which form polluted layers aloft include sea-
breeze undercutting of the mixed layer, slope-flows along the mountains
and the resulting return flow out over the SoCAB, the formation of the
nocturnal surface layer in the lower part of the boundary layer, and the
transport of buoyant air parceis from the mixed Tayer into the inversion
lTayer (convective debris). Injection of pollutants aloft by stationary
source emissions and convergence zones was also observed during the
SCAQS.

Aloft layers are generally horizontal in structure and exist at about
the same height above sea level (ms1) throughout most of the SoCAB.
This means that terrain-following procedures, such as those used in
meteorological/wind, modeiing are not consistent with the observed
pollutant structure.

Ozone concentrations in the midday and afternoon mixed layer are greater
than ozone concentrations measured at nearby surface monitors by about
20-30 ppb. We have reviewed aircraft audits and calibrations and found
that they were within reasonable bounds (+ 5%). In addition, these
differences did not depend on sampling date, time, or location. We
conciude that this difference between surface and aircraft
concentrations might be due to ozone deposition at the surface and/or to
titration by fresh NO near the surface.

Midday and afternoon mixed-layer concentrations of most secondary
pollutants, including ozone, carbonyls, nitric acid, PAN, and PM, 5 OC
were typically higher than pollutant concentrations at the surface. In
contrast, surface concentrations of species dominated by primary
sources, including NMHC, NO, NO,, EC, and ammonia were higher than
concentrations aloft in the mixed-layer. It seems that chemical and
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transport processes aloft combine to keep the aloft concentrations of

these secondary pollutants high.

Midday and afternoon surface concentrations of a few other secondary
pollutants, including PM, 5 mass and sulfate, nitrate, and ammonia ions
were typically higher than concentrations aloft in the mixed-layer.

This distribution must be strongly influenced by the ammonia
distribution (ammonia source and highest concentrations at the surface).

Comparison of model predictions of ozone with ozone measurements aloft:

Model predictions of ozone in the lower 200 m agl during the morning
were often significantly higher than measured concentrations, indicating
that these model simulations did not produce enough ozone titration by
fresh NO.

Model predictions of ozone above about 200 m agl were about 50 to over
100 ppb lower than measured concentrations.

Characteristics of NMOC distributions during the June and July summer SCAQS

episodes:

The spatial pattern of average NMOC concentrations showed moderate
concentrations (200-400 ppbC) at the surface in the western and southern
SoCAB (at Hawthorne, Long Beach, and Anaheim), high concentrations (400-
800 ppbC) in the central SoCAB (at Los Angeles and Burbank), and
moderate concentrations in the eastern SoCAB during the summer. On
average, NMOC concentrations decreased with distance from a high
concentration ridge between Los Ange]es and Burbank in summer. The
spatial pattern of the aloft data in the afternoon was consistent with
the surface NMOC patterns.

Surface NMOC concentrations were highest at 0700-0800 PDT because of a
combination of high emission rates from morning traffic and Tow mixing
heights. Concentrations decreased over the day because wind speeds and
mixing heights increased during daylight.

The summer aircraft NMOC data, which were collected between 500 and

800 m ms1 during orbits, showed NMOC levels that were mostly lower than
surface concentrations and NMOC composition that was more aged than
surface data. The carbonyl content aloft (about 35 percent of NMOC
carbon) was more than twice that in the surface data, indicating the
secondary nature of the aloft samples.

The similarity of NMOC composition throughout the day suggested fresh
NMOC emissions were continuously injected into the atmosphere in the
SoCAB. While there was evidence of oxidation of the more reactive
hydrocarbon species and formation of large amounts of carbonyl
compounds, there were significant concentrations of species typical of
fresh emissions (Lurmann and Main, 1992).

The NMOC concentrations had significant day-to-day and seasonal
variations, which were undoubtedly controlled by meteorology. In
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addition, the NMOC concentrations had significant spatial variation
within the SoCAB due to the nonuniformity of emission rates and the
effects of transport.

» Fresh emissions had a significant infiuence on NMOC concentrations
everywhere in the SoCAB. This made it extremely difficult to estimate
pollutant fluxes and to perform analyses which were designed to evaluate
the formation of secondary species along a typical trajectory path. The
ideal trajectory path for these analyses would transport pollutants from
an upwind emissions area to a downwind receptor area; however, samples
collected at most surface Tocations included significant contributions
from local emissions which overwhelmed the secondary species.

Characteristics of particulate matter and carbon, nitrogen, and sulfur species
during the June and July summer SCAQS episocdes:

e Peak concentrations of pollutants with large secondary contributions,
such as PM, 5 mass, carbonyl compounds, and organic carbon, occurred at
central and eastern SoCAB sites in the afternoon. This is consistent
with the conceptual models of transport and chemistry.

« Surface ammonia and ammonium ion concentrations were highest, and nitric
acid concentrations were Towest, at Rubidoux in the eastern SoCAB
because of upwind sources of ammonia. PM, s mass and nitrate ion
concentrations were alsc high at Rubidoux. The nitrogen chemistiry at
Rubidoux was driven by fresh ammonia. In contrast to the surface, aloft
ammonia and ammonium ion concentrations were relatively similar across
the SoCAB.

e SO, and sulfate ion concentrations were generally low throughout the
SoCAB, both at the surface and aloft. The sulfur contribution to the
particulate mass was small as well.

Characteristics of pollutant concentrations during the December fall SCAQS
episode:

o NO, concentrations were high (over 50 ppb) in layers within the daytime
mixed layer (surface layer); concentrations were typically highest near
the surface. The spatial and temporal variation of the pollutant
profiles was much greater than in the summer.

e Mechanisms for the formation of aloft pollutant layers in the fall were
similar to the summer: injection of stationary source emissions aloft,
upslope flow, nocturnal boundary layer formation, and the transport of
buoyant air parcels from the mixed Tayer into the inversion layer
(convective debris). Offshore flow and stagnation conditions were
observed on all fall SCAQS days, so undercutting by the sea breeze did
not contribute to the formation of layers.

« The aloft layers in the fall were generally horizontal in structure and
existed at about the same height above sea Tevel (ms1) across the SoCAB.
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Fresh emissions were important contributors to the pollutant mix at all
surface sampling sites in the SoCAB and within the mixed layer aloft.

Afternoon mixed-Tayer concentrations of NO, and bg.,; were similar to
surface concentrations.

Pollutant concentrations were generally highest at Hawthorne and Long
Beach during the fall, reflecting the source distributions and the lack
of transport. Mixing heights were often Tower than during the summer
and a strong sea breeze was not observed. These conditions, along with
evidence of substantial pollutant carryover, contributed to pollutant
build-up in the western and central SoCAB.

Diurnal profiles of acetic and formic acid at Long Beach included the
highest concentrations during the midday and Tow concentrations
overnight. Formic acid concentrations were typically higher than acetic
acid concentrations (the reverse of the summer data).

The fall aircraft hydrocarbon data, which were collected between 30 and
900 m msl during spirals, showed NMHC levels that were mostly lower than
surface concentrations and NMHC composition that was more aged than
surface data. Sampling and analytical problems prevented a detailed
comparison of total carbonyl concentrations at the surface and aloft.

PM, 5 mass, sulfate ion, and ammonium ion concentrations at all aloft
altitudes were usually lower than concentrations at the surface.

Organic and elemental carbon concentrations aloft within the mixed layer
were equal to or greater than concentrations at the surface, while above
the mixed layer, the OC and EC concentrations were lower than at the
surface. Nitric acid and PAN concentrations aloft within the mixed
layer were greater than the surface concentrations, while nitrate ion
concentrations aloft were sometimes higher and sometimes lower than
surface concentrations.

In the fall, surface NMOC concentrations (on average) were similar in
the western and central SoCAB and significantly lower in the eastern
SoCAB. The highest NMOC concentrations occurred at Burbank in the fall.
This is consistent with the conceptual models of transport and
chemistry. Spatial trends of hydrocarbons aloft were difficult to
assess because the spatial distribution of samples was limited.

On average, surface NMOC concentrations were highest at 0700-0800 PST
because of high emission rates and low mixing heights. Morning NMOC
concentrations were about two times higher than in the summer. During
the fall, NMOC concentrations declined between 0700 and 1200, as mixing
heights and wind speeds increased, and then increased between 1200 and
1600 PST, as mixing heights decreased with the formation of the
nocturnal boundary layer.

Fresh emissions had a significant influence on NMOC concentrations
everywhere in the SoCAB, and NMOC concentrations were, in turn, a major
component of all carbon species distributions. This made it extremely
difficult to estimate pollutant fluxes and to perform analyses which
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were designed to evaluate the formation of secondary species along a
typical trajectory path. The ideal trajectory path for these analyses
would transport pollutants from an upwind emissions area to a downwind
receptor area; however, samples collected at most locations included
significant contributions from Tocal emissions which overwheimed the
secondary species.

e SO, and sulfate ion concentrations were Tow (typically less than
5 pg/m3) throughout the SoCAB, both at the surface and aloft. The
sulfur contribution to particulate mass was also small (usually less
than 5%). However, SO, and sulfate ion concentrations peaked at about
12 pg/md during the afternoon of December 11 at most sites (except
Rubidoux); an aloft layer with SO, concentrations of up to 25 ppb was
also identified on this afternoon.

6.2 RECOMMENDATIONS FOR MODELING IN THE SOCAB:

o The meteorological and photochemical models need to properly represent
the formation and transport of aloft poiluted layers including the
following characteristics:

- Clean boundary conditions aloft (above about 1500 m on most days).

- The formation of layers aloft containing high concentrations of
ozone, other chemical products, and precursors. Potential
formation mechanisms include sea-breeze undercutting of the mixed
layer, slope-flows along the mountains and the resulting return
flow out over the SoCAB, the formation of the nocturnal surface
layer, the injection of pollutants aloft by stationary source
emissions and convergence zones, and the transpert of buoyant air
parcels from the mixed layer into the inversion layer (convective
debris).

- The mixing of many of these aloft polluted layers down to the
surface during the midday and afternoon.

- A pollutant and temperature structure aloft which is more
horizontal than terrain-following (i.e. more ms1 than agl). 1In
addition, the horizontal structure implies that aloft transport is
generally horizontal as well.

- 0zone concentrations in the midday and afternoon mixed layer are
greater than ozone concentrations measured at nearby sur’-:ce
monitors by about 20-30 ppb. We conclude that this diffe =nce
between surface and aircraft concentrations might be due . ozone
deposition at the surface and/or to titration by fresh NO i :r the
surface. Additional analysis to support this conclusion is
needed; if this conclusion is confirmed, then model evaluat:
procedures need to be revised.
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» The meteorological and photochemical models need to properly represent
the occurrence and altitudes of clean boundary conditions aloft (above
about 1500 m on most days).

¢ Model simulations should start on mornings with clean conditions aloft
and at the surface, and the model simulation should build up the spatial
distribution of pollutants, rather than using dirty initial conditions
to simulate that build up. Upper air meteorological and air quality
data are needed on the starting day to document clean conditions. Many
current model simulations started on the day prior to a SCAQS intensive
day; maybe they should have been started two days prior to an intensive
sampling day. Pollutant concentrations aloft were quite low on the
morning of July 13, 1987, so the July 13-15, 1987 episode would be a
good episode to model.

e The distribution of pollutants during SCAQS, even on clean days, was not
spatially uniform; therefore, initial and boundary conditions should not
be spatially uniform. In addition, concentrations at the top of the
modeling domain were typically close to background; therefore, top
boundary conditions which are significantly above background should not
be used.

» Summer SCAQS aloft data show a progression of aloft ozone concentration
characteristics over the course of an episode, for example: from clean
on the morning of July 13, 1987, to high ozone concentrations over most
of the SoCAB (including offshore) that afternocon, to moderate ozone
concentrations the next morning, to high ozone concentrations again over
most of the SoCAB on the afternoon of July 14, and to moderate
concentrations on the next morning. Current model simulations don’t
seem to show this type of progression of aloft ozone concentration
characteristics, but additional evaluation of simulation results should
be performed. Model simulations might not properly represent aloft
concentration history for a number of reasons, including improper
specification of boundary conditions, initial conditions, emissions,
winds aloft, and mixing height structure, or due to the starting time of
the model simulation.

e It is difficult to adequately evaluate the performance of a
meteorological model when all of the meteorological data has been used
in the model. Potential approaches for additional work in this area
could include:

- Performing additional particle trajectory studies with the
meteorological model, with emphasis on the presence of particles
in aloft layers and the history of these particles over a diurnal
cycle. Questions to address might include: Are results from such
studies similar to field results? Do particles occur in aloft
layers, mix down in the afternoon, and are they carried over to
aloft layers on the following morning?

- Performing additional evaluation of the SCAQS inert tracer studies

and comparison of aloft tracer data with model simulation results.
Questions to address might include: Do aloft tracer results
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indicate the formation and transport of aloft poilutant layers in
a manner similar to the aloft ozone data? Do model simuiations of
the tracer releases indicate similar results?

e As part of this project, we compared ozone concentrations measured aloft
with ozone concentrations from model simulations using summer data.
Because these comparisons were poor, we did not perform comparisons
using aloft data for other species, such as NO, NO,, PAN, or nitric
acid, or for the fall data. However, once improved simulation resuits
are available, these additional comparisons should be performed.
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APPENDIX A
SCAQS MEASUREMENT INFORMATION

The following tables contain information regarding
SCAQS measurements that were used in this report. Table A-1
provides a list of the A-, B-, and C-site codes, names,
locations, elevations, and the meteorological data collected
at each site. Table A-2 Tists the fall aircraft hydrocarbon
and carbonyl samples which were invalidated during our
quality control procedures. Invalid fall and summer
surface, and summer aircraft hydrocarbon and carbonyl
samples are listed by Lurmann and Main (1992).
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Table A-1.

Blumenthal, 1989)

SCAQS Meteorology Measurement Sites

(from Hering and

Page 1 of 2
Elev,

Code Type" Site Name Latitude Longitude {m msl) County WS WD T RH
CLAR A Claremont Coliege 467 117 42'14° 364  Los Angeles - . ” -
LBCC AU Long Beach City College 3349'43" 118 818" 17 Los Angeles - - .
ANAH B Anaheim 3349"16" 11755'7" 41 Orange LI B T
AZUS B Azusa 34 89 117 55'23° 99  Los Angeles . = L
BURK B Burbank 34 10'58" 118 18%27" 168  Los Angeles . . . .
CELA B+ Los Angeles-North Main 34 42 118 13'31° 87  Los Angeles - - - -
HAWT 8 Hawthorne 3355237 11822'9° 21 Los Angeles - . . =
RIVR B+ Riverside-Rubidoux 335958 11725°1° 214 Riverside = - . -
SNIT B San Nicolas Island 3315'24°  11929°9" 122 Ventura = v = -
ALA C Alamitos Generating Station 334613 118 6'7° Leos Angeles . - - -
BANN C Banning-Allesandro 338540" 1165225 722  Riverside * *
COSsT C Costa Mesa-Placentia 3339'22" 1175547 25  QOrange . e
FONT C Fontana-Arrow Highway 34 5'58" 117 30"18" 381 San Bernardine  * v
GLEN C Glendora-Laurel 34 8'35" 117 51" 4° 275  Los Angeles * - -
HEME C Hemat-State Street 3345'67" 11658107 469  Riverside - -
LAHB C La Habra ' 3355'34° 11757'3" 82  Orange . -
LGBH C North Long Beach 3349'25* 118 111¢° 7  Los Angeles ® . .
LSAL C Los Alamitos-Orangewood 3347'45° 118 1'S5" 10 Orange * =
LYNN C Lynwood 33 55'45° 118 12'35° 27 Les Angeles = -
NEWL C Newhall-County Fire Station 342315 118321 375 Los Angetes - -
NORC C Norco-Nerconian 3385"14" 117347 220  Riverside * d
PASA C Pasadena-Wilson 34 81 118 7°37° 250 Les Angeles - - b
PERI C Perris 3347'0° 117 14' 0 439 Riverside » -
PICO C Pico Rivera 34 0'54° 118 3'30° €9  Les Angeles - o =
POMA C Pomona 34 4'1° 117 45'3° 270  Les Angeles * M
RESE C Reseda 3411'58" 11832'0° 226 Les Angeles * ~
SiM C Simi Valley-5400 Cochran 3416'39" 11841'5° 310  Ventura b * .
SNEO C San Bernardine 34 6'26" 117 16°24° 317 San Bernardino  * =
TORO C El Toro 3340'0° 117 44'0" 117  Orange "
UPLA C Upland ARB 34 613 117 37°'42* 369  San Bernardino * - hd
WHIT C Whittier 33 55°25" 118 1°28° &8 Los Angeles * -
WSLA C West Los Angeles-VA Hospital 34 3'3 118 27'19" a1 Los Angeles " .
CA " Santa Catalina Island 3324'0° 118 25' 0" 482 Los Angeles - -
HF M Henninger Flats 3412'2" 118 443" 1006 Los Angeles - .
KH M Keliogg Hill 34 4'48° 117 48"18° 381 Les Angeles - =
PV M Palos Verdes.San Pedro Hill 334446° 118 20M12° 442 Los Angeles - >
ALHA § Alhambra 34 530" 118 837 Los Angeles - -
BARS § Barstow 345338 117 1'29" 682  San Bernardino  * -
Buz3 § Buoy 46023-Point Conception 34180 12042'0° 0  Pacific Ocean = - " "
BU25 S Buoy 46025-Catalina Ridge 3342'0° 118 6'0° 0 Pacific Ocean . . . -
BUO § Beaumont 3356'Q" 116 57'0° 782  Riverside - - - -
CAB 8 Cable Airport - Pomona 3407° 117 41" 442 Los Angeles ?
CAN § Cajon Summit 3420'0° 11725'0° 1219 SanBerpardino ~*~ * * "
CASl § BLM-Casitas/Los Padres NF 3424'0°  11922'0° 189  Ventura = 0 = 0x
CHL § BLM-Chilao/Angeles NF 3419'48"° 118 212 1661 Los Angeles hd - - *
CHIN § Chino 34 0'38° 117 4111867 San Bernardino  * .
CM36 S CIMIS-Blythe 3338'63" 114 33'40° 82 Riverside - - * *
CM44 S CIMIS-U.C. Riverside 335754 117208 311 Riverside * * * -
Cms0 S CIMIS-Thermal 333847  11614'30" -8  Riverside = . . -
CMs5 § CiMIS-Paim Desert 3343'50" 1162257 61 Riverside - - - .
cMmss § CiMIS-Santa Paula 3418'6" 119 7' 8" 53  Ventura - = - b
CMB0 -S CIMIS-Barstow 345412 117 654" 664  San Bernardino * . - d
cmez S CIMiS-Temecula 332925 117 1320" 433 Riverside * - . -
CM75 8 CIMIS-lrvine 334119° 117 43'14° 125 Orange * - . .
COMP § Compton Airport 338319 18147 29  los Angeles - -
CRES § Lake Gregory-Crestline 3414'38" 1171627 1384  San Bernardine " ®
DAG § Barstow-Daggett Airport 3451120 11647'12° 887  San Bernardino * . - -
bu S Duarte 3408 117 57° 220  Los Angeles ?
ELRl § E! Rio-Rio Mesa School 341515° 119 8°'38" 34  Ventura " * .
ELSN § Elsinore 334030 117 20's5" Riverside - hd
EMT § £ Monte Airport 34 512 ns 2o 90  Los Angeles - "
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Table A-1. SCAQS Meteorology Measurement Sites (from Hering and
Blumenthal, 1989)

Page 2 of 2

Eiev.
Code Type* Site Name Latitude Longitude (m msl) County ws wo T RH
ESUA S £l Segundo - SCE Power Flant 3358 118 25° 35 Los Angeles
FUL S Fullerton Municipal Airpors 335218 117 58'42° 25 Orange - « v ©
HESP S Hesperia-17288 QOlives 35255 17 I st 1003  San Bernarding =
HHR S Hawthorne Muncipal Airport 338524 11820'6" 19 Los Angeles - -
LANG S Lancaster 34 4244 118 821" 703 Los Angeles - *
LAX 8 Los Angeles International Airport 335636  11324%24" 38  Los Angeles d = . b
LCAN § La Canada 3412'42° 118 12'48° Los Angeles - =
1GB S Long Beach-Daugherty Field 3349°6° 118 9°Q° 17 Los Angeles - - - ©
MaU " § Malibu 34 156" 11841'23° Los Angeles -
MISS § Mission Hills 3416'23° 1182785 Los Angeies = hd
MWS § Mount Wilson 3414'0° 118 4'Q* 1741 Los Angeles - - = =
NUC § San Clemente Island Airport 3 roe 11835' Q" 276  Los Angeles - - < -
NZJ § Santa Ana-El Tore Airport 3340°0° 117 43°0° 118 Orange - - " =
QJAl § Qjai-1768 Maricopa Highway 3426'48" 1191613 231 Ventura - . °
OXR § Oxnard Airport 34126 1189 12'24° 13 Ventura - - - =
PLSP S Palm Springs-Fire Station 33svS 116 32°25" 171 Riverside ® o
PMD 8 Palmdale 34380 118 5°0° 774 Los Angeles - "
POCC S La Verne-Brackett Field 34 530 117 46'54" 308 Los Angeles - -
PSP § Paim Springs Municipal Airport 334936 116 30M12° 141 Riverside * - -
RDLD § Redlands-Dearborn 34 3'358” 117 §'35° 520 San Bernardine  ® hd
REDO § Redondo Beach 335061 118231 Les Angeles = .
RIAL S Rialto 34 7°33° 117 24°24° San Berparding  * .
RV S Riverside-March AF3 3354’0 117 15'0° 467 Riverside - - - .
SZA 8 Santa Barbara Municipal Airport 342536 1195024 3 Santa Barbara M b - =
sep S San Bernardino-Norton AFB 3460 117 14'¢" 352  San Bernardino - = - ©
SMO S Santa Monica Muncipatl Airport 3410 11827'6° 33 Los Angeles hd = “ x
SNA 8§ Santa Ana-John Wayne Airpont 3340307 11752'07 16 Orange - € ® ®
TANB S BLM-Tanbark/Angeles NF 34125t 117 457307 792 Los Angeles - - = ®
TEME S BLM-Temescal/Los Padres NF 3428'0° 118 360" 323 Ventura - o - -
TOA § Torrance Muncipal Airport 3348112 118 20°18" 31 Los Angeles - - - -
TRM  § Thermal Airport 333736 116 g'48° -36 Riverside - ° = "
TRON S Trona-Market Street 3545°35° 117 42725%° 505  San Bernardino * ®
VvCTC S Victorville-Civic Drive 3430'85° 117 18107 §76  San Bernardino  * *
vev  § Victorville-George AFB 3435°¢Q° 117 23'0° 876  San Bernarcino  * - - =
VEN! § Venice Beach 3359'4 118 28"13" Los Angeles = -
VENT § Ventura-Ernma Wood State Beach 3417'24" 119 18%9" 3 \Ventura = = =
VERN § Vernon 3359'56° 11813°%" Los Angeles - -
VNY § Van Nuys Airport 3412368 1182824 254  Los Angeles = » = .
WALN S Walnut 34 257 117 50'30" Los Angeles ® =
WJF 8§ Lancaster-Gen. William J. Fox Airfield  34'44'30* 118 13'6" 715  Los Angeles = * * d
WSPR § BLM-Warm Springs/Angeles NF 34 35’44 118 34'44" 1225  Los Angeles - - = *
ZUMNA 8 Zuma Beach 34 120" 118 49'37" Los Angeles b -
EMUA U El Mente-9528 Telstar 34 44 118 339" 76  Los Angeles
FUUA U Fullerton-SCE Maintenance Yard 33s2°0° 117 56'54° 30 Orange
GLUA U Glendora-near SCAQMD site 7000381 34 8'39" 117 51'Q° 277  Los Angeles
LMUA U Loyola Marymount Univ.-Engng Blidg 33 58°40" 118 24°48" 45  Los Angeles
SFUA U Santa Fe Springs-Public Werks Yard 33 56'19* 148 3'37° 37  Los Angeles
YLUA U Yorba Linda County Park 3356"1° 117 48M18° 88  Orange
BUR U/S  Burbank/Glendale/Pasadena Airport 34 12' 0" 118 21307 236  Los Angeles - - - b
EDW U/S  Edwards AFB 3454'0C° 1i752'0° 702  Kern County = r x 0=
MYF /8 San Diego-Montogomery Airport 3248'0" 117 824" 128 San Diego
NSI U7/S  San Nicolas Island 3314°Q° 11827°0° 14  Ventura = - * *
NTD U/S Pt. Mugu Naval Weapons Test Center 34 7°Q" 119 77 0° 2  Ventura - = = =
ONT . U/S Ontario international Airport 34 324 117 36"12" 260  San Bernardino ™ -
RAL  U/$  Riverside Municipal Airport 33576 117 26°42" 248 Riverside - ®
VBG U/S Vandenberg AFB 34 43'0° 120 34'0* 112  Santa Barbara

*°A°,"B", and “C" sites are defined in Section 2.3. Other site types are: Mx=SCAQS surface meteorology sites, S=supplemental
meteorology sites, U=upper-air meteorology sites. Those site locations in the study area are shown on Figure 4-1.
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Fall Aircraft VOC and Carbonyl Samples in the SCAQS

Table A-2.
: Data Base Which Have Been Flagged

Spiral or -
Orbit Time Altitude Flight VOoC or
Location Date (PST) (m ms1) Type Carbonyl Problem
AMTRA 871113 1359 396 Orbit Carbonyl High Pentanal
E1 Monte 871112 525 518 Spiral VoC Analytical problem
E1 Monte 871113 528 853 Spiral voC Analytical problem
E1 Monte 871111 538 122 Spiral voC Analytical problem
Hawthorne 871112 645 427 Spiral voc Analytical problem
Hawthorne 871211 647 274 Spiral voC Analytical problem
Fullerton 871211 1649 30 Spiral voC Analytical problem
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APPENDIX B

COMPARISON OF OZONE CONCENTRATIONS FROM MODEL SIMULATIONS
AND AIRCRAFT MEASUREMENTS: JUNE 24-25, 1987

Model simulation results were available from the final
Air Quality Management Plan (AQMP) UAM runs (SCAQMD, 1990,
1991). Days with both model simulation results and aircraft
measurements included June 24-25, 1987 and August 27-28,
1987; in both cases the model simulation started on the
previous day.

During each of three flights each day, the air quality
aircraft measured ozone concentrations from about 1500 m ms]
to the surface during vertical spirals. The model predicted
average ozone concentrations in six vertical cells centered
over a 5 km by 5 km surface grid cell. The size of the six
vertical cells varied as a function of mixing height; three
cells of equal height below the mixing height and three
above. The model simulated the first 1000 m above the
surface. For the model predictions, we computed a distance-
weighted average over the four horizontal cells nearest the
aircraft spiral location; this minimized the effects of any
unusual peaks or valleys in the ozone concentration. For
the model predictions, we used the hour-averaged ozone
concentrations which included the time of the aircraft
spiral.

Figures B-1 through B-14 show the comparisons for
June 24 and 25, 1987 at seven spiral locations three times
per day. The solid line shows 30 m bin averages of the
ozone concentrations measured during an aircraft spiral.
The dashed line shows the hour-averaged model prediction.
We have also included the average of the aircraft data on
the same altitude intervals as the model results (the dotted
line).
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Figure B-1. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at PADDR on June 24, 1987.
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HAWTHORNE
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Figure B-2. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Hawthorne on June 24, 1987.
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Figure B-3. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Fullerton on June 24, 1987.
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Figure B-4. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Burbank on June 24, 1987.
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June 24, 1987
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Figure B-5. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at E1 Monte on June 24, 1987.
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Figure B-6.
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Vertical Profiles of Ozone Concentration Measured by Aircraft

Spiral Compared to the UAM Average for the (a) Morning,

(b) Midday, and (c) Afternoon at Cable on June 24, 1987.
the ozone monitor was inoperable below 1300 m mst.
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RIVERSIDE
June 24, 1987
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Figure B-7. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Riverside on June 24, 1987.

B-8



PADDR
June 25, 1987

1500 AIRCRAFT
MODEL
| AIRCRAFT
= AVS,
B 1000 | R
E
o
8 (@)
0 T i 1 1) ) T
0 S0 100 150 200 250 300 350
Ozeone Concentration (ppb)
AIRCRAFT: 0830-063¢ POT
MCDEL: 0800-0700 PDT
PADDR
Junae 25, 1987
TS | s o s e A 1 3 e AIRCRAFT
MODEL
AIRCRAFT
= AVE,
E 1000 |-
E
@
E (b)
2 500
0 1 . ¥ v T T T
0 50 100 150 200 280 300 350
Ozene Concentration (ppb)
AIRCRAFT: 1128-1134 PDT
MODEL: $100-1200 PDT
PADDR
June 25, 1987
1500 NBCRAFT
MODEL
AIRGRAFT
= AVG
g 1000
E
[+
E (©)
=
z 500
0 M T T b T T T [
0 50 100 150 200 250 300 350
Ozone Concentration (ppb)
AIRCRAFT: 16261636 FOT
MODEL: 1600-1700 PDT
Figure B-8. Vertical Profiies of Ozone Concentration Measured by Aircraft

Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at PADDR on June 25, 1987.
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HAWTHORNE
June 25, 1987
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Figure B-9. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Hawthorne on June 25, 1987.
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Figure B-10. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Fullerton on June 25, 1987.
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Figure B;ll. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Burbank on June 25, 1987.
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EL MONTE
June 25, 1987
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Figure B-12. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afterncon at E1 Monte on June 25, 1987.
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Figure B-13.

Ozone Concentration (ppb)

Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afternoon at Cable on June 25, 1987.
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RIVERSIDE
June 25, 1987
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Figure B-14. Vertical Profiles of Ozone Concentration Measured by Aircraft
Spiral Compared to the UAM Average for the (a) Morning,
(b) Midday, and (c) Afterncon at Riverside on June 25, 1987.
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