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SPATIOTEMPORAL VARIATIONS IN PHOTOCHEMICAL SMOG
CONCENTRATIONS IN LOS ANGELES COUNTY ~
Gong—Yuh.Lin and Warren R. Bland* '

Los Angeles County has Waged a relentless three ‘decade battle
against photochemical smog (oxidant air pollution). For much 6f this
period, but especially in the 1970's when motor vehicle exhaust
controls began to impact. positively on total emissions and on air quality,
gir management officials and politicians in the County were generally
opfomistic that within a decade or so Los Angeles would attain the
national air quality standard for oxidant. Unfortunately, the increasing
frequency of oxidant episodes in 1978 and 1979 casts doubt on such a
positive scenario. Consequently, the South Coast Air Quality Manage~-
ment District was forced to obtain a postponement of the deadline for
attsinment of the oxidant standard from 1982 to 1987.

Whereas 1978's worsened air quality went relatively unnoticed,
1979's did not. Because 1979's worst oxidant episodes were clustered
in early September and were unusually severe, Los Angeles' smog
situation attracted nationwide attention. Newsweekl, under the head-

line A Smog Attack in Los Angeles, wrote that "the worst smog in 24°

years shrouded the Los Angeles area last week - dozens of emphysema

*Drs. Lin and Bland are, respectively, Associate Professor and
Professor in the Department of Geography, California State University,
Northridge.
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and asthma sufferers were hospitalized, and unhealthy people
complained of burning eyes, running noses, headaches and short-
ness of breath."” Newsweek explained that "what made the smog so
bad was a fresk high-pressure system that trapped pollution over
the Los Angeles Basin," but repeated:a warning from "experts",
that Los Angeles would remain prone to dangerous pollution levels
until it curbs its emissions from cars. (Fig. 1) Loé Angeles County
Supervisor Kenneth Hahn put the matter more dramatically, if not
more accurately, when he was quoted that "we have lost the battle
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on smog."
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This paper steps b.ack a little from the current furor in order
to assess scientifically several aspects of the smog situation in
Los Angeles. It asks three basic questions:

1) What pollution factors are responsible for Los Angeles'
unusually severe oxidant problem?

2) How severe is the oxidant problem in genera‘l, and what is
its spatial variation: a) diurnally; b) from weekday to week
end; c) seasonally; and d) secularly, i.e., over the long
term.

3) What practical measures can be taken to ameliorate the
oxidant problem over the next decade?

Answers are sought primarily from a meteorological perspective,

Although a ‘number of studies have investigated various aspects of

oxidant concentration in Los Ang’eles,3 a sophisticated meteorologically- '

" based interpretation is lacking. This paper attempts to fill that

lacuna.

Pollution Factors

Air pollution concentrates are funections of contiminant emission
rates and the capacity of the atmosphere to disperse pollutants
vertically and horizontally. Los Angeles' oxidant problem is particular-
ly severe because emissions of oxides of nitrogen and hydrocarbons,
the principal precursors of oxidant, are freqqently greater than the

atmosphere's capacity to dilute them to concentrations low enough to

~ impede generation of oxidant via photochemical processes. Thousands
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of tons of oxides of nitrogen and hydrocarbons are injected into
Los Angeles' air daily by transportation and industry. The lion's
share of both (’71'percent of the oxides of nitrogen and 83 percent
of the reactive hydrocarbons in 1975, Fig. 2) was contributed by

transportation, especially the private automobile,

Figure 2. Daily Average Air Contaminant Emissions in Los Angeles
County (Tons/Day)

Sources Year THC RHC NOx co S02
Stationary 1973 570 75 280 10 320
1975 555 75 260 15 250
Transportation 1973 980 695 835 7290 45
1975 460 355 - 640 4205 40
Total. 1973 1550 770 1115 7300 365

1975 1015 430 900 4220 290

Source: South Coast Air Quality Management District (SCAQMD).
THC: Total Hydrocarbons. -
RHC: Reactive Hydrocarbons.

Although subst"antial reductions in emissions by stationary and mobile
sources occured in the*1950's and 1960's, and although these decreases
have been projected into the future (Fig. 3) ¢ there is little evidence
that control measures sufficiently strong to bring about the desired
" reductions will be adopted.5

Vertical dispersion of contaminants is hampered in Los Angeles by

the persistence of a low inversion caused by compressional heating of
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subsiding air associated with the North Pacific subtropical anti-
cyclone. Below the inversion is a marine layer, a shallow 1ayér
of cool moist air which does*not heat compressionally but does
move 1r10r'izon’cally.6

Although inversions occur on a majority of days in all

seasons, their height and persistence vary greatly. Most winter

inversions are of the surface type. At Los Angeles International *
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Airport (LAX), for instance, the mean height of the inversion
base for the December-January period in the mid-1970's was only
200-300 feet. Such shallow inversions tend to break relatively
early in the day, thereby permitting upward dispersion of con-
taminants. In contrast, in summer the mean height of the inversion
base at LAX is 1500-2000 feet (Fig. 4). These data, plus values
for height of iﬁversion top, inversion magnitude, inversion
breaking temperature, and maximum mixing height, suggest that
summer inversions‘are far stronger and more persistent and thus
more favorable for oxidant formation than those of winter.

Horizontal dispersion of pollution is controlled by light winds
in all seasons. The daily pattern of surface winds is dommated by
weak night-time land breezes and stronger day-time sea breezes
Early morning, when land and sea -breezes are at a standoff , is
especially stagnant. Meian morning wind speéds vary little seasqnaily,
and tend to to be a little stronger at the coast than inlamd.7 The
principsl seasonal variatién' is the contrast between the light and
directionally variable breezes of winter, and the stronger' and more
persistent sea breezes of summer. The greater strength and persist-
ence of summer's sea breezes is explained by their being in harmony
with the onshore flow associated with the synoptic pressure g’md.ien’c.8
Occasionally, the relatively stagnant regieme described above 1s
broken by winter storms and Santa Ana (Foehn type) winds which

disperse the pollutants more completely,
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The Los Angeles atmosphere appears to have its greatest
dispersive capacity in spring (March and April). Then the in-
version is relatively weak and non persistent, while average winds
are relatively strong. Furthermore, the mean inversion ma'g'nitudé
_is only about 2® to 3°C in spring, compared to 5°C in winter and
8°C in summer, while spring temperatures at the 950 and 850 mb
levels are at their annual low. .

To test the hypothesized association between atmospheric
conditions and oxidant ;:onc:en':rations,9 average daily one hour
oxidant maxima at 12 Los Angeles air rﬁonitoring stations (Fig. 1)
were correlated with nihe weather variables, i.e., temperatures
at surface, and at 950 and 850 mb levels, heights of inversion
base and top, maximum mixing height, inversion magnitude, in-
version bréaking temperature, 'and mean morning wiﬁd speed.

Daily records of all variables except the last were obtained for

0600 PST for the 1974-1976 period from LAX. Data for mean

Mmorning wind speed were obtained for downtown Los Angeleé. The
correlation coefficients obtained are higher for summer than for
winter and higher for inland valley than coastal areas (Fig. 5). The
coefficient of determination shows that more than 50 percent of total
summertime variation in oxidant concentration at Azusa, Pasadena, and
downtown Los Angeles (all inland stations) can be explained by the
nine weather variables (Fig. 6). In contrast, they had little predict-~

ive value for coastal stations in summer, or for any of the 12 in winter.
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Varigtions in Pollution Concentrations

Previous meso-scale studies have demonstrated clearly that

oxidant air pollution in Los Angeles is severe, with most monitoring
stations recording daily maximum hourly averages for oxidant well

in excess of the federal air quality standard on the average summer
dely.10 ~This paper examines in greater detail diurnal, day-to-day,

seasonal, and secular variations in oxidant concentrations.

WINTER COEFF ICIENT OF DETERMINATION J fsuum:-a COEFFICIENT OF DEYERMINATION

Figure 6

Marked diurnal variations in oxidant levels are characteristic

because formation'of oxidant requires the presence of ultraviolet
sunlight. Very low oxidant levels, typically 0.01 to0.02 ppm,
6ccur during night hours (Fig. 7). In summer, the oxidant level
begins 1o rise immeadiately after sunrise, reaching a pedk concen-
tration on average at noon over the entire Los Angeles area,

Levels then decline gradually toward evening,
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Figure 7

Magnitude, timing, and diurnal amplitude of oxidant peaks are
influenced strongly 5y the strength of solar heating and the sea
breeze. In summer, strong daytime solar heating in the inland
valleys and along the south-facing slopes of the San Gabriel mount- -
ains, results in development of convective cells. These cells will
strengthen the sea breeze and often carry oxidant through the
inversion base aloft. This "chimney effec’t,"11 can prevent ground-

level oxidant concentrations from rising further and may explain the
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clustering of oxidant peaks around noon over much of the Los
Angeles basin. In the absence of chimney effect, peak oxidant
concentrations would occur later in the day and would be higher,
especially in the inland valleys. Unfortunately for ;'esidents there,
amelioration of smog levels by convection currents is impeded by
strengthening of the sea breeze. Both the San Fernando and the
San Gabriel valleys are located downwind of dense concentrations of
industry and motgr vehiecle traffic which generate the precursors.cf
oxidant. Because several hours of photochemical reactions are re-
quired for oxidant to accumulate in the marine layer, it is the
receptor areas, i.e., the inland valleys, which suffer the worst
smog effeets. Since night-time oxidant minima vary little spatially,
the diurnal amplitude of oxidant concentration is lowest near the
coast and increases gradually inland. Thig pattern vis especially
conspicuous in summer,

In winter, oxidant peaks are of lesser magnitude and tend to
occur later iﬁ the day than in summer. Lower winter temperatures
and radiation 1ntensny weaken photochemmal reactions and delay
their onset for an heur or two after sunrise. However, the general
absence of chimney effect in winter allows oxidant to accumulate well
into the afternoon, so peak concentrations occur later and are higher
than might otherwise be expected.

Considerable controversy exists as to whether oxidant concen-

trations vary significantly from weekdays to weekend, Studies in




New. York, New dersey, Washington, D.C. » Baltimore, and St,
Louis found markedly higher weekend readings. 12 Findings for Los
Angeles have been mixed,13 perhaps because samples were taken gt
different locations and in different seasons.

The hypothesized differenc’e between weekday and weekend oxidant
concentrétions was evaluated using 1974-197¢ daily maximum one-hour
averages at 12 air monitoring stations (Fig. 8) N Oxidant concentrations
showed very little variation from Monday through Friday, but all
stations had‘a marked weekend increase. Thege varied from a low of
1 percent at N ewhall to a high of 21 bercent at Lennox. Student's
t-values indicated weekday to weekend differences at the one percent
level for Lennox, Long Beach, Los Angeles, and Whittier; and a sig-
nificant difference at the ten percent level for West Los Angeles,
T-values too small to indicate significant differences were found for
the San Fernando Valley stations of Burbank and Reseda, and for
Newhall, When data were segregated into summer (May~October) and
winter (November—April) periods, a generally similar weekday to week-
end dichotomy was formed,

Variations in weather are not likely responsible for the weekend in-
Crease. Temperatures at the 950 and. 850 mb levels, which correlate
positively with oxidant concentrations, show a slight decline oﬁ week-
ends (Fig. 9). Furthermore, the slight decreases in inversion bage
height, maximum mixing height, and wind speed on the weekend cannot

explain remarkable increases in oxidant concentrations such ag the
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Figure 9. Mean Weather Conditions On Weekday And Weekend.

Weather VYariables Weekday Weekend
Surface Temperature (°C) 14.1 13.8
950 mb Temperature (<C) 14.] 13.7
850 mb Temperature (°C) 12.0 . 11.0
Inversion Base (feet) 1183.1 1059.3
Inversion Top (feet) 2270.6 2242.8
- Inversion Magnitude. (") 5.3 5.4
Inversion Breaking Temp. (“c) 20.4 19.9
Maximum Mixing Height (feet) 2358.9 2131.1
Morning Wind Speed (mph) 4.4 4.0

Ironically, the most plausible explanation of higher oxidanf readings
on weekends‘is the weekend decrease in primary poilutént emissions,
especially nitric oxide, from industrial sources. Since nitric oxide
xscavang“es-oxiclant,14 the lower nitric oxide emissions on the weekend
favox; increased accumulation of oxidant, Not surprisingly, the industrial
areas experience the greatest decreases in nitric oxide emissions on week-
ends and the .greatest weekend increases in oxidant.

Dramatic seasonal differences in oxidant concentrations occur in inland
areas of Los Angeles. In contrast, little seasonal variation in oxidant
exists at coastal stétions (Fig. 10). Oxidant concentrations, whether
indexed by mean monthly concentration or by mean monthly concentration

for Rule 444 days, increase inland from the coast in winter and summer,
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but the spatial gradient is much greater in summer. 15

The generally low oxidant levels of winter throughout Los Angeles,
and the generally highér readings of summer, especially in the inland
valleys, are explained by seasonal contrasts in weather. Weather cond-
itions in Los Angéles on the average winter day are not favorable for
strong photochemical activity. Winter's low and shallow_inversiéns tend

to be destroyed by surfaée heating early in the day, thereby permitting
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upward dispersal of primary contaminants before photochemical

reactions produce heavy accumulations of oxidant. Strong photo-

chemical activity is inhibited also by the lesser intensity and duration

of winter sunlight. In contrast, average day~time weather in summer

favors smog formation. During summer, the temperature inversion is

low and perzsistent,16 enabling oxidant precursors to concentrate in

the shallow marine layer. 17 Intense irradiation of this polluted air

mass induces strong photochemical reactions which generate large

amounts of oxidant which accumulate under the persistent inversion.
Oxidant concentrations increase inland markedly in summer for

several reasons. Probably most important is the fact that a time lag

of several hours occurs between maximum emissions of hydrocarbons

and oxides of nitrogen, and maximum accumulation\of oxidant. During

this time span, the sea breeze ventilates coastal areas with comparatively

clean air, and carries the heavily polluted air into inland valleys. 18

Oxidant concentrations in the inland valleys would, however, be higher

than in coastal areas even in the absence of oxidant transport, because

climatic conditions are typically sunnier and warmer inland. As noted

above, temperatures st the 950 and 850 mb levels have high positive

correlation coefficients ‘with oxidant concentrations. - Significantly, temp—~

eratures at these levels increase generally from coastal areas toward

inland valleys. 19

. Careful analysis of secular (long term) oxidant trends is crucial in

evaluating the sucess of pollution eontrol strategies, and via feedback
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. Lo ' analysis, in estimating emission standards needed to achieve federal
= - =i air quality standards.z0 Simple graphing of mean annual oxidant con-

| centrations is of limited use because year-to-year varistions in weather
cause parallel variations in oxidant concentrations which obscure long
term oxidant trends. Therefore curves of cumulative percentage
deviation from the mean oxidant concentrations were compiled (Fig. 11).
An upward sloping curve indicates that the oxidant concentration is

i higher than the mean of the period analyzed, whereas & downward

sloping curve shows the reverse.
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The trend "analysis shows a general steady increase in oxidant
contentrations from the beginning of the data record to around 1970,
and a 'sharp decline thereafter, for all monitoring s‘c.el‘u‘cms.z1 Even so,
reductions in oxidant concentrations have been spatially uneven.
Coastal areas enjoyed approximately 40 percent reductions in the 1970's,
compared to only a 15-20 percent reduction in the San Gabriel valley

(Fig. 12).

Figure 12. Mean Oxidant Concentrations (ppm) For Different Periods.

Stations Pre-1970 1970-1977 Differences (%)
Azusa 0.143 0.121 <« -15.4-
Burbank ’ 0.123 ' 0.092 -25.2
Lennox 0.061 0.043 -36.1

Los Angeles 0.120 0.077 -35.4

Long Beach 0.065 0.039 -40.0
Reseda 0.124 0.095 -23.4
Pasadena 0.143 0.115 -19.6
Pomona 0.141 - 0,10 -28.3

West Los Angeles 0.099 0.062 -37.0

Recent improvements notwithstanding, air quality in Los Angeleé
County is stiil far from gatisfactory. In 1978, oxidant concentrations
exceeded ‘the state standard of 0.10 ppm were reached on nearly 200
days in the San Gabriel and San Fernando valleys.'22 Worse still,

projections indicate that the federal oxidant standard will not be
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attained in inland areas of Los Angeles County by the 1982 dead-
line mandated by amendments to the Clean Air Act in 197’7.23
Conclusion

This paper has described the pollution factors responsib;e for
for photchemiecal (oxidant) air pollution in Los Angeles, established
that the oxidant problem is severe, and shown how smog varies di-
urnally, from weekday to weekend, seasonally, and secularly. There
remains the task of recommending practical measures to ameliorate the
problem in the 1980's.

The writers forsee no quick or easy solution to the oxidant‘
problem. We are not sanguine that weather modification or tinkering
with the nitric oxide /hydrocarbon balance will reduce the smog
problem. Since oxides of nitrogen are themselves toxic pollufants,
we regard any attempt to feduce oxidant concentrations by increasing
oxides of nitrogen emissions és extremely dangerous. Therefore, we
recomménd measures to curb emissions of both precursors of oxidant,
i.e., hydrocarbons and nitric oxide.

Moblie sources, especially the fxrivate éutomobile, remsain the
principal contributors ofvhydrocarbon and nitric oxide emissions in
Los Angeles. For this reason, and because there is considerable
potential for further reductions in automotive emissions, our emphasis
is on reducing emissions from transportation. We recognize, however,
that stricter enforcement of existing anti-pollution ordinances could also

impact favorably on air quality,
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The keys to reducing total automotive emissions are reduced
auto use per capita, and lower emissions per vehicle-mile. Reduced
auto use per capita is a realistic goal in Los Angeles because auto use
is currently inordinately high, even by U. 8, standards. Discretionary
driving could be reduced_with‘out great sacrifice, and some auto travel
could be directed to other modes. Some progress toward lower per

capita use of autos will oceur in response to free market mechanisms

such as increased costs of car ownersh{p and operation, and/or as a

result of fuel shortages. But changes in travel behavio;‘ sufficient to

significantly reduce emissions will require additional measures. These

include:

1) massive expansion of the regional bus system;

'2) vigorous provision of priority treatment for buses and carpools to
give them an advantage over single oecupant cérs; and

3) development of a light rail rapid transit system oriented to the

major arterial routes of the more densely populated parts of the

region.
Expansion of the bus system and provision of priority treatment (such
as exclusive use of bus /carpool lanes on arterials and freeways) for
high occupancy vehicles, are relatively inexpensive short term palliatives,
Construction of a light rail system would in contrast, cost billions of
dollars and extend to the 1990's.

Lower average emissions per vehicle mile are attainable at relatively
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low cost by requiring that all cars, not just new models, meet the
stiff emission standards of the late 1970's. Thé requirement is ﬁtal,
because although new cars run very cleanly, older models emit, on
the average, much larger quantities of hydrocarbons and oxides of
nitrogen. This occurs because their pollution control systems were
ineffective at time of manufacture, deteriorated in use, or are now
"out of tune". Legislation requiring compulsory annual ingpection of
automobile pollution coﬁtrol systems, repair of same, and/or retrofitting
of catalytic converters or other abatement devices ié clearly needed.
The writers believe that these abatement measures are realistic
responses to the pollution crisis, and not expensive compared to the
costs of continuing current wasteful and polluting ways. The measures
are vital to the future environmental health of the .,reg’ion‘, and with oil .
and gas éupplieé inereasingly uncertain and costly they may prove

essential to the future economic health of the region as well.
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