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CHAPTER I

INTRODUCTION



An air basin can be viewed'as a large chemical reactor into
which man pours pollutants from automobiles and industry and which
nature irradiates, heats and stirs with the sun and winds. These
pollutants react under the influence of meteorology to form what is
commonly known as ''smog, " an air mixture characterized by its
color, odor, tendency to irritate the eye and ability to damage plants.
Since the discovery of the basic chemistry of photochemical smog in
the 1950's, chemists and meteorologists have been unraveling the
complex set of interactions between primary pollutants (those emitted
directly into the atmosphere by man) and meteorological variables
such as temperature and wind speed which result in the formation of
photochemical oxidant. A better understanding of these processes is
necessary for the design of effective air pollution controls.

Oxidant air pollution, composed méinly of ozone, is the result
of a complex series of chemical reactions stemming from reactive
hydrocarbon {RHC) and nitrogen oxide (NOX) emissions. One compli-
cating factor is the non—linearity of the reactions resulting in the
formation of photoch‘emical oxidant, such that a change in emissions
by a certain percentage does not necessérily lead to the same per-
centage change in oxidant produced, nor even, as we shall see, a
change which is necessarily in the same direction. The érevailing
westerly winds provide a second complicating factor. Oxidant meas~-

ured in one location need not be the product of the emissions in that



area, but is more likely the product of emissions which have reacted
to form oxidant as they traveled from a location many kilometers
upwind. Thus both photochemical reactions and meteorology must be
considered in order to gain an understanding of the processes which
lead to the formation of photochemical oxidant. In order to evaluate
the oxidant air quality impact of various policies, the relationship
between ambient oxidant levels and precursor emission levels must
be known. Attempts to determine this relationship have followed
three general approaches: smog chamber modelling, mathematical
simulation of physical and chemical processes, and statistical model-
ing based on aerometric data.

The size and iﬁhomogeneity of the air basin make it difficult
to study. One direction of research ﬁses the smog chamber, a large
reaction vessel of several cubic meters volume as a model for the
atmosphere, Initial reaction mixtures vary from carefully méasured
two or three component mixtures of RHC and NOX tq actual auto ex-
haust. These mixtures are irradiated by light sources which mimic
the spectrum of the sun, while sampling devices monitor concentra-
tions of reaction mixture components. Reaction rates and products
can thus be determined. By altering the amounts of RHC and NOX
in these experiments, information can be gained on the dependence
of oxidant on precursor levels, Smog chambers have provided much
of the current understanding of photochemical air poilution. How -

ever, questions remain as to how closely smog chambers represent



real atmospheric conditions. It is difficult to simulate real meteo-
rology in smog chambers and the hydrocarbon mix may differ from
that in the real atmosphere. Also, wall effects in smog chambers
produce effects which are absent in real atmospheres, and conversely
do not reproduce the Teal effects of terrestrial surfaces. In addition,
smog chamber results do not simulate the spatial distribution of
emissions in a region.

The second approach, deterministic or mechanistic modelling
of chemical and meteorological processes, involves mathematical
simulation of emission patterns, diffusion and mixing, transport and
atmospheric chemistry. Such deterministic models.could, in prin-
ciple, explicitly account for the effects ‘of changes in the spatial and
temporal distribution of emissions as well as changes in overall
emission levels and meteorological variability. Much work has been
done in developing and testing chemical/meteorological models, but
serious questions still remain concerning the accuracy of such
models in predicting the impact of future emission changes. These
questions stem from our insufficient understanding of turbulent mix-
ing and diffusion, uncertain knowledge of the rates for atmospheric
reactions and inadequacies in the available meteorological data. The
application of chemical/meteorological models may also be limited
by the expense associated with the extensive data base and the com-

puter time required to run them.



Another method for investigating the chemical properties of
the air basin reactor, statistical analysis and modelling, utilizes
existing air monitoring data. Statistical studies of th.ese data can
yield information about both the chemical reactions and the motion of
pollutants in space and time. Statistical models have the advantage
that the influences of all complex atmospheric processes are inherent
in the aerometric data base which forms the foundation of these
models. Conversely, they are also limited by the extent of this data
base.

The existing data base is extensive, approximately 2, 000, 000
numbers representing chemical and meteorological data being avail-
able for the present study. Measurements of the various pollutants,
both those directly émitted and those formed in the atmosphere by
photochemical reactions, have been made for many years, 24 hourly
averaged measurements per day, at several locations in the South
Coast Air Basin. Similar data are available for several meteorologi-
cal variables. For Los Angeles County this data base dates back to
the early 1950's. More recently, other locations in the South Coast
Air Basin have begun collecting sirﬂilar data. Measurement tech-
niques have changed over the years, and it is not clear that the early
data can always be compared directly with recent data. Thus we
have chosen to use data for the years 1965-1973 to study the chemical

patterns that exist.



Our initial study of the data shows quite unexpected results.
An analysis of pollutant data for individual days of the week shows
that while average ambient concentrations of the primary pollutants
drop significantly on weekend's due to decreased emissions, there is
no corresponding drop in average concentration of oxidant, the pro-
duct of the photochemical reactions. This seems counter-intuitive,
since one normally expects the products of a series of reactions to
decrease if the cqricentrations of all the precursor compounds de-
crease. Further work indicates that this phenomenon is reversed
in some areas of the air basin during some seasons. These results
are discussed in Chapter II

| Many control strategies have been proposed to decrease

ambient oxidant levels, some to decrease emissions of pollutants in
the long run and others for short term control of episodes with very
high oxidant concentrations. Several control Strategies attempt to
alter transportation habits, Such long term schemes include chang-
ing commuter patterns, special bus lanes, and enforced car-pooling.
Short term controls usually include a temporary but significant de-
crease in automobile (and/or industrial) emissions for the duration
of an episode or when an episode is forecast. A better understanding
of the weekday-weekend differences is an effective tool to evaluate
short term control strategies by determining under what circum-
stances a change frqm weekday-type emissions to weekend-t?pe

emissions will result in a decrease of oxidant concentrations,




We develop models which allow us to predict the effects of
implementing this weekend control strategy and determine that there
exists a subset of days and areas definable in advance for which this
strategy would significantly decrease the oxida11t maximum hourly
value. Fortun’ateiy these days and areas are just those for which
such a strategy would be most useful, i.e., those of high oxidant
concentration. The effect of continuing the strategy for one or two
days is considered; usually the decreases for two days are somewhat
larger than those if the strategy is only implemented for one day.
The results of these studies are described in Chapter IIL

Several linear regressions models were developed in a furth-
er attempt to understand the weekday-weekend phenomenon. The
results of this work are discussed in Chapter IV, Chapter V is a.
detailed description of our entire data base, including data not used
in these studies. Chapter VIincludes samples of programs used in
these studies.

Throughout this work it is assumed that the reader has some
knowledge of the meteorological characteristics of the South Coast
Air Basin which make it so conducive to the production of photo-
chemical smog: temperature.inversions and the land-sea breeze
regime. For those readers unfamiliar with these, brief descriptions
are given below.

Temperature inversions result when air temperature iﬁ-

creases with increasing altitude and occur over 250 days per year in



the Basin. These inversions are often caused by the subsidence of
the eastern edge of a large anticyclone located over the Pacific Ocean

This air heats with compression as it sinks along the coast. A tem-
perature inversion will be observed between the shielding layer of
cold marine air and the adiabatically heated air above, with the

lower boundary of the inversion at the cooler temperature of the
marine layer and the upper edge at the temperature of the warm sub-
sidence layerf Figure 1 is an illustration of a temperature inversion.
As air rises it expands and cools, and continues to rise as lqng as its
temperature is higher than that of the surrounding air. Buoyant
forces are no longer acting upon the air parcel when it reaches the
warm inversion layer, and the parcel remains below the inversion.
Thus an inversion serves as an effective 'id" on the air basin, since
it prevents mixing of the polluted lower layer with the air above the
inversion and forces the pollutants to remain near the surface. The
inversion is broken if the ground level air warms to the temperature
of the subsided air.

Land and sea breezes result from the different heating and
cooling rates of the land and the ocean. In the morning the land heats
much more rapidly than the ocean. Heating of the air above the land
causes it to ascend because of its decreased density and the cold and
denser ground level sea air moves inland to take the place of the

rising air. This initiates the sea breeze, which is the prevailing




condition in the South Coast Air Basin during the day and early even-
ing. The situation reverses at night because the land cobls at a
faster rate than the ocean, setting up a convective cell with the
reverse direction of the daytime regime. The nighttime land breeze
is usually not as strong as the daytimé sea breeze, A set of average
ground level wind streamlines for the sea breeze (12:00-18:00) and

the land breeze (0:00-5:00) is shown in Figure 2.
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FIGURE 1

Schematic of a coastal temperature inversion.
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FIGURE 2
Average wind streamlines for the South Coast Air Basin and
Surrouﬁding areas. Upper panel shows the streamlines for July,
1200-1800 PST and lower panel shows streamlines for July, 000-500.
(Taken from DeMarrais, G. A, Holzworth, G. C. and Hosler, C. R.
Meteorological Summaries Pertinent to Atmospheric Transport and
DisPersion Over Southern California, ‘Technical Papef No. 54,

U.S. Department of Commerce, Washington, D.C., 1965.



Streamline chart for July, 000-500 PST
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CHAPTER 11

PHOTOCHEMICAL AIR POLLU TION: WEEKEND-
WEEKDAY DIFFERENCES
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ABSTRACT

On weekends in Los Angeles County the average atmospheric
concentrations of the primary reactants, NO and reactive hydro-
carbons, leading to photochemical air poliution decrease., The
behavior of oxidant concentration (used as a measure of the products
of the photochemical reactions) usually does not follow that of the
primary pollutants. In fact, we find that for most of the year the
average weekend oxidant concentration is higher than the corre-
spohding weekday value, despite the lowered emissions. However,
for areas and times of particularly hi‘gh oxidant concentration, for
example at inland stations during the summer months, the oxidant
levels do decrease on weekends. Thus care must be taken when
designing short-term oxidant control strategies, as indiscriminant
application of short-term traffic decreases to random days could
be counterproductive. Such Strategies, however, might be useful
for days and places of parti‘cularly high oxidant concentration and
further research to delineate the requisite conditions for the

success of such strategies is in process,
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INTRODU C TION

An air basin can be viewed as a large chemical reactor
stirred by the winds and irradiated by the sun, and may be symbol-

ized as a system with one output responding to two inputs.

AIR

BASIN P(z, t)

When man injects a spatial and temporal pattern of emissions, E,
the basin responds (under a particular meteorological regime, M)
by producing a spatial-temporal pattern of pollutant concentrations,
P. E, M, and P are all functions of three dimensional location,
r, and of time, t. Direct experimental measurement of this
response function is-difficult, both because so many variables and
dimensions are involved, and because the investigator has so little
contro‘l over these variables in a real air basin. One cannot easily
stop all traffic or shut down industry in a selected portion of a city.
One can, however, attempt to circumvent these difficultes

""occurring varia-

by a statistical approach which uses the 'maturally
tions in E and M and observes the resulting variations in P in
order to extract information about the air basin function which links

them. For example, one could separate days into sets, each set

corresponding to a particular meteorological pattern (1,2) and then



observe how the average pollution pattern varies from set to set,
Or, one could group days by their emission pattern and study the
basin response to emission variation by observing the variation in
pollutant pattern among the groups.

In this article we group air quality data by day of the week in
order to observe the air basin Tesponse to emission pattern differ-
ences between weekdays and wegkends_ On weekgnds, in contrast
to weekdays, i) overall emissions of reactive hydrocarbons (RHC)
and oxides of nitrogen (NOX) are reduced, ii) the 6-9 AM comrmuter
traffic peak is greatly attenuated, and iii) a significant fraction of the
already reduced total emissions are shifted intb the evening, non-
photochemically acvtive, hours. Evidence for these three emission
changes can be seen both in traffic patterns and in primary pollutant
temporal patterns. These changes are also ones which are natural
to consider for short-term oxidant (Ox) control, in an attempt to
reduce Ox levels on selected days by temporary emission control,
Thus studying the variation of oxidant levels from weekdays to
weekends can help evaluate the effects of those control strategies
which incorporate similar emiss.ions changes,

The approach of considering weekend-weekday variations
was suggested by Haagen-Smit and Brunelle (3) who found fewer
extremely high values of oxidant on Sunday in Pasadena, by Hocker
(4) who used 1960-61 data and found lower oxidant concentrations on

Sunday at all times of the year and by Shuck, Pitts and Wan (5) who

17
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used 1962-64 data and observed variations in average maximum daily
oxidant values by day of the week, which, while statistically noisy
due to the small data set, gencrally follow the pattern which we
observe. Duckworth and Kinosian (6) and Trijonis (7) consider oxi-
dant daily maxima over the summer season, and emphasize a de-
Crease on weekends‘. As we will show, when the whole year is con-
sidered, the picture which emerges is somewhat different. Week- -
end~-weekday variations similar to those we report have also more
recently been observed: i)in Los Angeles by Lonneman et al, (8)
over a limited three month time period in 1968, as well as more
broadly by Tiao and co-workers (9), ii) in the greater New York area
by a2 Bell Laboratories group (10), and iii) by Altshuller (11) for

CAMP stations at various locations in the United States.

DATA BASE.

In our study the basic pollutant monitoring data are hourly
average concentrations by volume of CO (carbon monoxide), NO
(nitric oxide), NOZ (nitrogen dioxide), RHC (reactive hydrocarbons)
and Ox (t‘otal oxidant, a measure of several oxidizing molecules,
largely ozone), obtained from the Los Angeles Air Pollution Control
District (LAAPCD). (The concentrations of both total hyd;oéarbons
and methane are aémally measured and we used the difference be-

tween these two quantities for each hour as RHC. ) For CO, NO,
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NO2 and Ox, ten Los Angeles County monitoring stations are used, and their
locations are shown in Fig. 1. The data cover the eight years 1965-1972,
except for Pasadena, which begins August 1968 and Southeast, which begins
August 1969. RHC data are available only from eight of these stations and
only for the years 1970-1972. At present there is a discrepaﬁcy

in oxidant calibration between measurements taken by the LAAPCD

and those taken in neighboring counties. A recent study (12) indicates

that the LAAPCD measurements differ from the actual oxidant values

over the concentration range of the data by nearly a constant scale

factor of approximately 0.96. Since all our analysis is based on

LAAPCD data and is concerned with relative changes in pollutant

levels, the question as to what scale factor is correct does not sig-
nificantly affect any of our conclusions, Traffic count data are from

the California Department of Transportation.
DAILY PATTERNS

Each of the monitored pollutants has its own character-
istic daily cycle, as is shown for CO and Ox in Fig. 2. The primary
pollutants CO, NO and reactive hydrocarbons (RHC) emitted directly
into the air have high concentrations near midnight, a result of the
nighﬁly low inversion and light winds., These levels drop off in the
early morning, and then begin to rise again, peaking near 8 AM on

weekdays as a result of the heavy commuter traffic. Atmospheric




instability and decreased traffic (in addition to the photochemically
driven processes which use up RHC and NO) decrease primary con-
centrations during the middle of the day. Late afternoon finds the
primary concentrations rising again with increased traffic.

NOZ is an intermediate pollutant, largely formed in the atmos-
phere from NO. Its daily pattern is much like that of CO and NO ex-
cept that its morning peak is later (time is required for the NO to
NOZ conversion). Oxidants, secondary pollutants, are formed in the

atmosphere by the action of sunlight on the mixture of primary pollu-

tants (RHC and NO) and normal atmospheric constituents. Thus
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oxidant concentrations and insolation exhibit similar average behavior:

they are low at night and peak near the middle. of the day.

Figure 2 shows the hour by hour weekly‘patterns of CO and
Ox, averaged over eight years to remove meteorological "noise, "
for a coastal, a central and an inland location. Motor vehicle ex-
haust emission contrcl programs for CO began in 1966 in California,
These controls decreased the average vehicle emission levels, but
since this affects concentration values at all hours of the day, this
changes primarily the scale factors rather than the shape-s of the
patterns we observe. CO, arising almost entirely from mobile
sources, also provides an indicator for mobile source primary

emissions of NO and reactive hydrocarbons. A preliminary one-

yeér (1973) study of traffic counts at many Los Angeles County sites



indicates that average daily traffic decreases approximately 20% on
weekends as compared with weekdays, confirming earlier analyses
(4,7). (One must{remember, however, that the relation between
emitted mass and }measured concentration is in part a function of
mixing volume and spatial transport, and that these vary systemati-
cally on the avera‘ge through the day and thrdlgh the seasons.)

As can be fseen, ‘the weekend and weekday structurés for GO
are quite different, reflecting different traffic patterns. On week-
days, three peaks are usually present: the morning commuter peak
A, the afternoon commuter peak B, and the evening build-up C.
On weekends total traffic is considerably reduced; comfnuter
peaks are greatly attenuated on Saturday and virtually eliminated on
Sunday. While CO shows distinctly different diurnal patterns on
webekdays and weekends, oxidant shows a temporal pattern which is
almost independent of day of the week. The fine structure of man's
time of injection of primary pollutants into the atmosphere is thus
integrated out, at least on the average, by the meteorological and
chexnic‘al processes which trénsform primary pollutants into second-
ary species. (An exception is a small dip at the beginning of most

weekday, but not weekend, average Ox peaks, corresponding to the
time of the CO morning commuter peak. This dip is likely due to

removal of ozone by emitted NO. )

21
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RESULTS AND DISCUSSION

Figure 2 illustrates the oxidant time response, averaged over
meteorology, to time variation of emission input. Figures 3 and 4,
in contrast, illustrate oxidant level response, showing 24 hour aver-
age pollutant levels for each day of the week at ten LAAPCD moni-
toring stations and the average daily hourly maximum for oxidant.

A major source of the primary pollutants is the automobile.
Since there is a large decrease in automobile traffic on weekends
(4,7), it is to be expected that pollutant concentrations will also
decrease on weekends. Again, it is important to note that while
emission controls have been implemented during thié time, they
alter emissions on 2all days of the week equally.

Figure 3 shows the weekendAdrOP in the annual daily average
COncentrat.ions of the primary pollutants CO, NO and RHC, and of
the largely secondary pollutant NO2 . Although the avérage daily
concentrations of these pollutants show significant seasonal varia-
tion due to differences in meteorological regimes, similar concen-
tration drops are observed during all seasons of the year.

Since the evidence indicates that average emission levels of

primary reactants drop on weekends, it is surprising to observe in

Figure 4a that the average oxidant levels rise on weekends at

all ten stations, While the ten station weekend average GO drops by

7%, NO by 12%, N02 by 9% and RHC (eight stations, 1972-72) by 24%,
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in contrast the ten station oxidant average rises by 8%. Error bars
show * one standard deviation of the mean, calculated from the
central limit theorem, on the basis of one measurement per day

with the assumption that the measurements made one week apart

are independent. The autocorrelation function indicates that this
assumption of statistical independence is realistic. Among the varia-
tions contributing to these standard deviations are actual concentration
changes, random measurement error and measurement round-off,
For the daily averages the error bars shown are somewhét too larée,
because there is also a partial independence among the 24 hourly
measurements pre-averaged to form the day's average value. Thus
the weekend-weekday differences shown are statistically valid unless
- there is an unrecognized systematic variation in the LAAPCD meas-
urement procedures between weekends and weekdays. The weekend-
weekday patterns remain essentially the same even if only the three
more recent yeérs 1970-1972 are considered, CO dropping by 129%,
NO by 13, 2%, NOZby‘ll%, RHC by 24% and the oxidant average rising
by 11%, but the standard deviation of the mean is of coﬁrse larger
due to.the smaller sample size. The differexices still remain statis-
tically valid. Thus, while the average atmospheric concentrations

of the reactants leading to ‘photoche;rﬁical air' pollution, NO and RHC,
decrease on weekends, the average concentration of products of the
photochemical air pollution reactions, as monitored in terms of

total oxidant, increases on weekends,
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These results are corroborated by a further statistical analy-
sis, shown in Tables I and II, of the fractional change between the week-
day and weekend concentrations for each week, found by calculating
the mean concentration on Saturday and Sunday (Weekend) and the
mean concentration of the five weekdays {Weekday) and then calcu-~
lating the fraction (Weekend-Weekday)/Weekday. The median of
this fractional change is used as a more robust measure of the
central tendency than the mean because it is not as affected by a few
ou'tlying values (13). | These medians exhibit the same pattern as the
day by day means shown in Figures 3 and 4, For all of the primary
pollutants and NOZ’ as shown in Table I, there is a large fractional
decrease of pollutant concentrations on weekends at most stations
which is statistically significant at the 95% confidence level. For
oxidant concentrations covering the whole year, these median values,
given in column 1 of Table II, show a statistically significant increase
in oxidant concentrations on weekends at most stations, which is con-
firmed at the 95% confidence level, as shown in column 2.

Applying a more stringent statistical test, the 95% confidence
‘p_p_pgf limit of median primary pollutant change rarely even overlaps
the 95% confidence lower limit of median oxidant change. For pri-
mary pollutants and NO2 the median fractional concentration change

is listed for each station along with the one-tailed 95% confidence

upper limit for the median. The upper limit is presented since the
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important quantity is the median weekend fractional drop for primary
pollutants, and this is expected with 95% confidence to be at least as
great as the upper limit shown. The one-tailed 95% confidence lower
limit is used for oxidant since it is the maximum decrease (or mini-
mum increase) of oxidant on weekends that is of interest for the
comparison of primary and oxidant‘ behavior, The primary, NO2
and oxidant data are presented both for the three years 19‘70—1972
and for the eight years 1965-1972. Similar patterns are observed
for both time periods and for other time periods, although the
medians for longer daté periods natui'ally have more precision in
terms of confidence limits.

Seasonal ‘variations‘ in the pattern of weekday-weekend differ-
ences for oxidant, in contrast to the other pollutants, are significant.
When the data are segregated by season, increé.sed oxidant on week-
ends is observed at all stations during the fall, winter, and spring.
However, as is shown in Figure 4b, during the summer high smog
season, half of the stations (those further inland with higher average
oxidant levels) show decreased average daily oxidant on weekends.
Similarly, the median value of the fractional change of the summer
average oxidant concentration on weekends shows that the coastal
stations tend to have an increase on weekends, while the inland sta-

tions tend to have decreased weekend oxidant concentrations. These

— =

o
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are listed, with the 95% confidence limits, in column 3 and 4 of
Table IL

In addition to the average or mean dosage examined above,
other measures of the distribution of oxidant concentration values
may also usefully be considered. The daily hourly maximum, for
example, is the highest of the hourly average values reached in a
particular day, gnd-over a year samples the higher values of the
total distribution of oxidant values. As can be seen in Figure 4c,
increased weekend oxidant values occur for coastal stations with
lower oxidant levels, and variable trends are seen for inland sta-
tions. Table II (columns 5 and 6) shows the corresponding fractional
changes in concentration. If, as in Figure 4d and columns 7 and 8
of Table 11, the data are further restricted to the daily maximum
over only the summer high smog season, the oxidant values gener-
ally decrease on weekends, with the decrease most marked at sta-
tions with the highest values. A still more restricted sample from
the oxidant distribution may be examined by looking at only oxidant
alert days (when oxidant values reach 0.50 ppm): no Los Angeles
"County alert has ever been called on Sund#y, and alerts are much
less frequent on Saturday (4, 14), Thus, while the mean and the

median of the fractional change of the ‘entire oxidant distribution both

increase on weekends, it appears that as one restricts the sample to
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successively higher values drawn from the distribution, the weekend
increase becomes less pronounced and then finally becomes a

decrease,

CONCLUSION

A definitive chemical-meteorological explanation of these
observations will require further study. Two types of mechanisms
might be'involved: feedback within the chemical kinetics and meteor-
ological carryover from one day to the next.

NO rapidly attacks Ozone, and thus the increase of reactant
NO emissions on weekdays could conceiVébly decrease the average
product ozone, particularly if the NO/RHC ratio varies by day of the
week, Lonneman‘ et al. (8) suggestthat the NO2 /NO ratio may differ
between Sundays and weekdays.

Persistence of unmonitored partially reacted intermediates
from earlier days or of ozone aloft might also be involved,‘ such that
the chemical-meteorological dynamics of the air basin must be ana-
lyzed on more than an isolated day basis. Thus changes in the daily
injected dosage of emitted reactants could perhaps produce transient
product concentration behavior which initially moves counter to the
expected longer term effect, |

These observations indicate that short-term control strategies

which aim to reduce oxidant levels on particular days by temporary
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daily reductions in emissions levels need to be implemented with
care if they are to be effective. Controls which mimic weekend
emissions changes would be counterproductive if applied to random
days. Fortunately, it appears that the days and locations of highest
oxidant levels are likely to be those for which such a strategy would
be productive, and further research to delineate the proper condi-

tions and the expected results of such strategies is in progress,
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FIGURE 1
Locations of Los Angeles Air Pollution Control District

(LAAPCD) stations from which data were used for this study.
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FIGURE 2

The weekly pollutant concentration pattern averaged h;aur
by hour over 1965-1972 for CQO {carbon mono.xide) and for total
oxidant. Pollutant concentrétions are in parts per million (ppm)
by volume. Oxidant exhibits a single symmetrical daily peak
at midday. CO has several structural features. A is the
morning commuter peak, B the smaller a.fternoon commuter
peak, and C the evening and hightly concentration rise. Three
types of stations are iliustrated: a). Long Beach, a coastal
station with high CO and low oxidant concentrations, b) Downtown
Los Angéles, a central station with high CO and moderate oxidant
concentrations, and c¢) Pasadena, an inland station with low CO

and high oxidant concentrations.
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ABSTRACT

A possible short term oxidant control strategy would involve
1) reduction of overall reactive hydrocarbon and NOX emissions,
ii) restriction of morning commuter traffic and iii) a shift of emis-
sions into the evening and nighttime photochemically inactive hours,
Since these represent the emissions alterations which usually mark
the change from weekdays to weekends, the actual effects of such a
strategy can be evaluated in advance from statistical studies of past
weekday-weekend differences in monitored oxidant levels, As a test,
we have used data from the South Coast Air Basin in the Los Angeles
area. Results presented earlier have shown that switching to a week-
end emissions pattern on random days would be counterproductive,
i.e., oxidant levels would on the average increase. In this paper we
demonstrate that there exists a definable subset of conditions under
which switching to weekend emissions would significantly decrease
average oxidant levels both one and two days into the future. Fortu-
nately, this strategy works best just when it is most needed, under

conditions of particularly adverse oxidant levels.
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INTRODUCTION

Various short term oxidant control strategies are proposed to
limit the severity of episode days and the statistical aspects of models
for such episode control strategies are discussed in a recent review
(Myrabo et al., 1976). bThe problem with most such strategies is
that in the face of meteorological variabiiity it is difficult to predict
in advance what the actual effect will be or even assess the effect
after the strategy has been tried out. There is one short term oxi-
dant control strategy which can be tested by anaiysis of existing data:
the effect of the selective reduction and redistribution of reactive
hydrocarbon and NOx emissions which occurs on weekends versus
weekdays., Three changes in emissions pattern usually distinguish
weekends from weekdays: 1) overall traffic is reduced, ii) the morn-
ing commuter traffic peak is reduced and iii) traffic is shifted into the
evening and nighttime photochemically inactive hours.

On weekends throughout the year in Southern California there
is a significant decrease in vehicle miles traveled, resulting in a
sizeable reduction in the average emission of vehicular NOX and
reactive hydrocarbons (Elkus and Wilson, 1976). This decrease in
turn produces lower average primary pollutant concentrations in the
atmosphere of the South Coast Air Basin which includes Los Angeles
County. On the whole industrial emissions probably also decrease on

weekends. Thus we observe a significant reduction in average
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primary pollutant concentrations of CO, NO and reactive hydrocar-
bons on weekends in the Los Angeles area (Elkus and Wilson, 1976).
Evidence from analyses of the observed weekend-weekday variation
in average oxidant levels in Los Angeles (Elkus and Wilson, 1976;
Tiao et al., 1975) as well as other major metropolitan areas
(Lonneman et al., 1974; Bruntz et al., 1974) indicates that if applied
to random days, a strategy which converts weekday emissions to
those of a weekend would not decrease average oxidant dosage, but
in fact would quite likely raise it. We present evidence here, how-
ever, that there exists a subset of days and areas for which this
strategy would work, and that these days and areas are usually those
for which such a strategy would be most useful, i.e., those of high
oxidant concentration. We present further analyses of the Los
Angeles data which allow selection of those days and areas for which
such a strategy would be‘ effective and we statistically predict the
numerical average value of the effect of the strategy, station by
station, as a function of initial oxidant level and month of the year.
The effects of continuing the strategy for one or for two days are
separately considered. The lrar_rgﬂ‘erst average decreases occur i) at
inland stations with higher average oxidant levels, ii)j}}fing the
summer and early fall high smog season and iii) following episode

days of particularly high oxidant level,
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DATA BASE

The basic pollutant monitoring data for this study are hourly
average concentrations by volume and the daily hourly maxima of
oxidant, obtained for Los Angeles County from the Los Angeles Air
Pollution Control District (LAAPCD) for the years 1966 through 1972,
and from the California Air Resources Board (CARB) for 1973. Data
for stations outside Los Angeles County are obtained from the CARB,
and meteorological data aré from the LAAPCD and the National - |
Weather Service. Ten Los Angeles County monitoring stations are
used, with data covering the eight years 1966-1973 except for
Pasadena which begins August 1968 and Whittier which begins August
1969. Three CARB stations are used: the data for San Bernardino
cover the full eight years, for Riverside only 1966-1971 and for
Redlands only 1968-1972. There has been a discrepancy in oxidant
calibration between measurements taken by the LAAPCD and those
taken in neighboring counties. A recent study indicétes that the
LAAPCD measurements differ from the actual oxidant values over
the concentration range of the data by nearly a constant scale factor
of 0. 96 and that the other measurements differ from the actual oxi-
dant values by the scale factor of 1.28 (California Air Resources
Board, 1975; Stephens and Winer, 1976). We have adjt'lsted our data
accordingly. Locations of the-stations used in this study are shown

in Figure 1.



RESULTS

We use the day of the year t and the day's maximum hourly
oxidant concentration to predict the maximum hourly oxidant concen-
tration at day t + 1. For each station, using all the data for 1966-

1973 (except as noted above), we fit surfaces of the form:

= , + in (2 17t
Oxt-l—l a, +a2 Oxt +a3 cos(21t/365) a4sm( Tt /365)

»

: 2
+ 2, Oxt cos(2mt/365) + a Oxt sin(2 mt/365) + a7(Oxt)

6

where @ysee-s2, are the parameters to be fitted, t is the day of
the yeér, and Oxt is the daily hourly oxidant maximum for day t.
Trigonometric terms are used to insure proper yearly periodicity.
Separate surfaces are least-squ‘ares fitted for each station to repre-
sent two different cases: i) both t and t+1 are weekdays, and
ii) t is Friday and t+1 is Saturday. Surface i) predicts oxidant if
today and tomorrow are both weekdays and no short term control
strategy is applied other than patience. Surface.ii) predicts oxidant
on a day with emissions altered to the Saturday pattern. The differ-
ence between surfaces i) and ii) measures the effect of a control
strategy which changes emissions from a weekday to a Saturday
pattern,

In addition, we fit surfaces which predict oxidant maxima

two days in advance, the dependent variable in this case being

OXt+2 . The first surface is still fitted using only weekday data,

45



t, t+1 and t+2 are all weekdays. The second surface fits the data.

when t is Friday and t+2 1is Sunday. The difference between these
surfaces gives the result of implementing a control strategy on two
consecutive days such that the first has Saturday's emission pattern
and the second has Sunday's.

Figures 2 - 5 show these differences for high smog months
as a function of oxidant maximum at twec inland stations (San
Bernardino and Azusa), at a center city station (Downtown) and at a
coastal station (Lennox). The results for implementing the strategy
for only one day (t+1) and the results for continuing the strategy for
two days (t+2) are shown as bthe solid curves in the middle and upper
panels, respectively,

~As can be scen in the figures, this control strategy is most
effective at inland locations where oxidant values are high., For
example, as shown in Figures 2 and 3, San Bernardino drops 18% on
day t+1 and 33% on day t+2 and Azusa drops 21% on both days t+1
and t +2 for episode conditions in August as a result of switching to
weekend emissions, Similar results with somewhat smaller August
episode oxidant drops of 11% on t+1 and 14% on t+2 are observed
at Downtown, as shown in Figure 4. At Lennox, on the coast where
smog levels are low, the control strategy has little effect, positive
or negative, in the summer months as is shown in Figu;e 5. _During
low smog months of the year, especially in the winter, it would be

detrimental to implement such a short term stratégy in the air basin,

!
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since its effect is to slightly increase the average oxidant maxima,

as can be seen in the results for January at the four stations shown
in Figure 6. Thus, felicitously, the strategy works most effectively
when and where it is most needed, at times and places of high oxidant
levels, and its failures on the whole are conveniently confined to
times when it is unnecessary to apply it.

When evaluating a control strategy, one must also consider
the effect of implementing no strategy at all. We thus calculate the
average decrease in oxidant maxima that would be predicted in the
absence of control measures. These results are shown as the dashed
lines in Figures 2 - 6. As expected, the quasi-stationary concentra-
tion time series tends to return to the mean. Therefore if oxidant
maxima are exceptionally low today, the natural tendency of the air
basin is toward higher oxidant maxima tomorrow and the next day;
on the other hand, when concentrations are. exceptionally high today
the air basin tends toward lower oxidant maxima tomorrow and the
next day, even if no control strategy is implemented. (If today is an
episode day, an air pollution control agency can thus predict that
tomorrow will be better with the confidence that on the average
chemistry and meteorology will conspire to prove it right, and that
the worse the episode day, the better are the odds.) The decreases
predicted by the solid lines to result from the control strategy are
those which occur in addition to the decreases which will occur if no

action is taken. Therefore the total expected decrease resulting

N
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from control strategy implementation is the sum of the dashed and
solid lines.

Similar plots for all months at all stations shown iﬁ Figure 1
are available elsewhere (Elkus, 1976). The results are summarized
in Figure 1 for all stations in August. The middle panel of Figure 1
shows station by station the predicted average oxidant improvement
in parts per hundred million from application of the strategy one day
after an episode day in August., The upper panel shows the slightly
larger average improvement on the second day predicﬁed by imple-
menting the strategy for two days.

Since the fitted surfaces are nonlinear, it is difficult to pre-
cisely detefmine the proper error to assign to the predicted decreases.
In order to estimate this error, we separately fit surfaces to data for
each of the eight (or in some cases less, as noted above) years for
each of the t+1 andt+2 cases. As there are fewer data po?nts, the
shape of these annual surfaces does not represent the total data as
well as the surfaces using all years of the data (and thus the results
are less certain for stations with less years of data). We use the
resulting annual surfaces to give a measure of the uncertainty in the
predictions., The predicted oxidant decrease is calculated separately
for each year from these annual surfaces, and the standard deviation
of the mean Om over all N years of data is then estimated as
Om:Oa/Nl /2 in which ¢_ is the standard deviation over the N dif-

ferent annual results, The error bars in Figures 2 - 6 are = SIS



The values of the mean itself, however, are from the surfaces calcu-
lated from all N years of data taken together. In addition to the
temporal consistency reflected iﬁ SH there is a further spatial
consistency in that similar effects are usually seen at stations in
similar geographical areas,

Additional techniques including linear regression and pattern
recognition involving many meteorological variables’ are also applied
to the data base in searching for the best predictive model. Although
the simple analysié presented above proves sufficient for short term
strategy analysis, stepwise linear regression on a large number of
ground and uppér air meteorological variables produces interesting
results of another sort, providing clues to the statistical correlations
between oxidant concentration and meteorological variables (Elkus,
1976). Temperamre and insolation are found to correlate best with
oxidant level, while relative humidity and seasonal mean oxidant level
‘ pfovide a smaller amount of additional information, Surprisingly, in
sﬁite of the general assumption to the contrary, inversion height and
wind speed fail to provide further statistically significant information,

Other significant short term changes i‘n the daily emission
pattern might also be analyzed for clues to the effectiveness of vari—
ous short term control strategies such as holidays, naturél or man-
made disasters and the switch from standard time to daylight time in
the spring and the return to standard time in the fall. In the latter

case we change our schedules each year and thus the time of most
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emissions by exactly one hour with reference to the sun. Analysis of
the monitoring date for CO, which serves as a measure of traffic
emissions since it is chemically relatively inert, shows that the CO
morning commuter peak also shifts by one hour: forward in the
spring, backward in the fall. Strikingly, this change in the timing of
human activity and emissions has little effect on the timing of the
midday oxidant peak (no statistically significant effect is found on
its peak level). The timing of the processes leading to oxidant pro-
duction is thus shown to be much more dependent on the timing of the
sun than on the time of human injection of emissions into the atmos-

phere.
CONCLUSION

We show for the Los Angeles area that application of a shoxrt
term control strategy which substitutes on a weekday emissions pat-
terns resembling those of a weekend will on the average significantly
decrease the observed oxidant maxima when and where oxidant con-
centrations are high., Due to short term fluctuations in meteorology,
the predicted decreases calculated from our statistical analysis will
not necessarily be observed for any specific application of this short
term strategy. Rather, the average effect of its application over
several appropriate occasions will be significant improvement in

oxidant air quality,
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The strategy evaluated here is by no means the only, nor
necessarily the best;, short term control strateg.y which might be
applied. It is valuable in that its average results can be predicted in
advance. Furthermore, the declaration of a midweek holiday under
episode conditions might even be met with approval by the populace,.
Further studies are needed to refine this strategy and to test its
effect in areas other than Los Angeles. In addition, the application

of this type of strategy to the control of other pollutants can be tested

in a similar fashion,
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FIGURE 1

The effect at various locations in the South Coast Air Basin of
a short term control strategy which changes weekday emissions to
weekend levels. The numbers, based.on past data, indicate the
statistically expected average improvement in daily hourly maximum
oxidant level (pphm) as a result of switching emissions patterns at
episode levels in August. Episode levels in the context of this
article are defined as days in which the daily hourly oxidant maximum
at that station falls within the highest nonzero box in the‘percentile
distribution for that month as shown in Figures 2 -~ 6. The middile
panel shows the improvement due to applying the strategy for one
day, i.e. switching a weekday to Saturday emissions. The upper
panel shows the improvement on the second day (t+2) compared to
the initial day (t) due to applying the strategy for two days, i.e.
switching the first weekday to lSaturday emissions and the second to |
Sunday emissions. The lower panel shows the locations of the moni-

toring stations used in this study.
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PIGU RE 2

Average decreases for days t+1 and t+2 in daily hourly
maximum oxidant concentration for the high smog months of July,
August and Septembér at San Bernardino. Decreases are graphed
as a function of hourly oxidant maximum for day t. The dashed
curves indicate the decreases expected if no control strategy is
implemented. The solid curves show the expected additional de-
crease resulting from the implementation of a control strategy
which changes weekday emissions to weekend levels. The middle
panel shows the results of implementing such a strategy for one
day, t+1. The upper panel shows the decrease on day t+2 {rom
day t if the strategy is continued for two days. The error bars
are = one standard deviation of the mean, as e.stirnated from the
variation among similar analyses carried out year by year. The
lower panel shows the percentile concentration distribution of the
actual air monitoring data, Predicted decreases are shown only

over the range of the percentile distribution.
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FIGURE 2

Average decreases in daily hourly maximum oxidant con-

centration for high smog months at Azusa.
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FIGURE 4

Average decreases in daily hourly maximum oxidant con-

centration for high smog months at Downtown Los Angeles.
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FIGURE 5

Average decreases in daily hourly maximum oxidant con-

centration for high smog months at Lennox.
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FIGURE 6
Average decreases in daily hourly maximum oxidant con-

centration for January at four stations: San Bernardino, Azusa,

Downtown and Lennox.
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CHAPTER 1V

REGRESSION ANALYSIS
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INTRODUCTION

During the studies leading up to the results presented in the
previous chapter we tested out a number of other statistical and pat-
tern recognition approaches. While these other approaches are
less successful than our final method in predicting weekend-weekday
differences, the results are of interest in another light. In particu-
lar, our linear regression studies indicate which meteorological
variables correlate best with oxidant level. These statistical corre-
lations then provide clues to the underlying physical causal relation-
ships which lead to the correlations.

The technique of stepwise linear regression is applied to our
data base of meteorological variables to find models to predict oxi-
dant maxima.\ Separate models are calculated for weekdays and
weekends at each station to allow comparison of the predicted oxi-
dant on weekends and weekdays of similar meteorology. We use the
Statistical Package for the Social Sciences (SPSS) (1) for these
regressions. Employing a number of input meteorological variables,
this program finds the linear combination of predictor variables Xi

which best forecasts oxidant levels,

-+
(O]

Ox = a +Za.X.
0 i1

i

where aO, al, ... are constants and

O]

an error term. The stepwise

regression begins with one variable in the above equation, that which
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correlates most highly with the oxidant values to be predicted, and
adds successive variables one ét a time to improve the model. The
SPSS program terminates when no further meaningful improvement
in prediction is gained by the addition of another variable to the
regression equation.

We include no pollutant data as input since this contains in-
formation about the day of the week, which would bias the models.
Our models predict oxidant maxima using only meteorological vari-
ables which are for the most part independent of the day of the week.
While the linear regression models are reasonably accurate at pre-
dicting oxidant at low levels, they consistently underestimate high
oxidant concentrations and poorly differentiate between weekdays and
weekends. In other words, the models calculated using weekdays
and those using weekends are quite similar. While these models do
not differentiate effectively between weekdays and weekends, the
consistency with which certain meteorological variables are chosen
as statistically important by stepwise regression provides some
clues as to the meteorological and chemical processes involved in
photochemical air pollution, We therefore report some of our

regression results.
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DATA BASE

In order to facilitate these computations, we have consoli-
dated some of the air monitoring data and some of the meteorological
data into one data file. This data file, which resides on a magnetic
tape, contains data from 1972 and 1973 only since these are the
years for which we have the most complete data set. Los Angeles

| County air monitoring data are obtained from the Losi Angeles ‘Air
Pollution Control District (LAAPCD) for 1972 and from the California
Air Resources Board (CARB) for 1973. Ground level meteorological
data are obtainea from the LAAPCD, except for the Riverside insola-
. tion data which are procured from the CARB, Upper air soundings
at Los Angeles International Airport (LAX) are obtained from the
National Weather Service. LAAPCD stations used are Downtown,
Azusa, Burbank, West Los Angeles, Long Beach, Reseda, Pomona,
Lennox, and Whittier, Meteorological data are available at Down-
town, Burbank, Long Beach, Pomona, and LAX, and wind data at
Downtown, Azusa, Burbank, Long Beach, Pomona and LAX. The
upper air data are derived from two soundings daily at LAX. The
data are arranged day by day, with all the data for day 1 preceding
that for day 2, etc. Included with the data for any given day are the
data for the previous day, so that the analysis using 1i‘near regression
can access the data for two consecutive days at once. The total num-

ber of variables for each day is nearly 200, or nearly 400 if the data

Ty T e
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for the previous day are counted. The list of variables available for
each day is included in Tables I and IL

A data management program is written so that any number of
the variables listed can be selected and formed into a temporary work
file which is stored on computer disk for use in the analyses. It is
possible to add the square or the natural logarithm of any of the
variables to the temporary work file, The user can also choose
which year is desired (or to use both years), and whether data for
weekdays, weekends, or the entire week are desired. Thus we have
easy access to the entire data base without having to store it in the

computer, which would be prohibitively costly.
RESULTS AND DISCUSSION

Two statistical measures of the validity of the models are

2
calculated. The first is R a standard statistical parameter for

2
evaluation of linear regressions:

2 6,

2 :

R =
z _2
(yi-y)
1

where y. is an observed value of the quantity to be predicted, §ri
i
a predicted value, and y the calculated mean of the variable. R2

is a measure of the success of the regression equation in explaining

variations in the data; it is the proportion of the total variation about
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the mean which is explained by the model. The second statistical

parameter we use to indicate the accuracy of the models is

2. le,|
E = -_1____
S,

where e = S;i AT the error in a given prediction. E is the aver-
age fractional error in predictions of the model.

Both statistics indicate the limits of the models that we develop
using the SPSS program, The R2 values are low, always under 0, 800
and often much lower, They point out a significant difference between
coastal stations and inland stations since the values for the former
are between 0,100 and 0,500 while the values for the latter are be-
tween 0.600 and 0.800. Perhaps the more useful statistic for our
purposes is E, which is a measure of the success of a model as a
predictor of oxidant maxima. foese numbers ai'e insensitive to loca-
tion, and range between 0,23 and 0.40 fractional error in prediction.
Input data are always from the same day as the oxidant value to be
predicted. Models of this kind which ignore previous pollutant values
- seem to have little use for actual oxidant prediction when predictions
are required a day in advance and the similar models which employ
only data from the previous day to predict oxidant on a given day are

less accurate. However, a study of the variables chosen for the

regression equations can yield information about the relative



importance of various meteorological variables in oxidant formation.
The initial regressions use only ground level meteorological

variables as input, including wind speeds at various stations, several

temperatures and humidities, and, at two locations, insolation. All

runs use the full two years of data. The first runs use an input of

50 variables, including both the data for the same day as the oxidant

to be predicted (T), and for the preVious day (T-1). The results of

these early runs are summarized in Table III for Lennox, a typical
coastal station, Downtown Los Angeles, and Pomona, a typical inland
station. Some of these variables are rarely or never selected by the
stepwise regression and are therefore eliminated from consideration
as predictors. Further runs with smaller input data setsvselect
similar sets of predictors, with the data from the previous day add-
ing no noticeabl\e improvement to any of the models calculated. The
data from a later set of runs are summarized in Table IV. The two
strongest predictors in most runs are the temperature at Pomona
and the insolation at Riverside. Sometimes these appear in the
models as the square of the variable. SPSS predominately selects
these as predictors even at coastal stations when the corresponding
data from coastal locations are included as input. Other temperature
and insolation values seem to have value as predictors as do humidity
values at some locations. The wind speed data and the daily APCD

predictions of several meteorological variables are rarely chosen

as variables for the regression equations.
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Another set of regressions uses as input data the natural
logarithms of the various meteorological variables and the logari\thms
of the oxidant concentration, since the variables might be related by
some multiplicative form instead of the additive form previously
discussed. The results of these regressions are not significantly
different than those without logarithms: the same variables are
chosen as predictors for the models, and the accuracy is not sig-
nificantly vi‘mproved by use of a non-linear model. Some of these
results are shown in Table V. In addition, as suggested by Bruntz
et al. (2), we use In(oxidant + 5) as the variable to be predicted by
the regression program to reduce the distortion involved in taking
the logarithm of small numbers and find no significant effect on the
accuracy of the models generated,

Additional regression models are formulated with upper air
data added to the data base. Aléo, a new variable is added to the
data base, a calculated funlction whose value on a given day is the
average of oxidant values for the 15 days before and the 15 days
after the day in question, a{reraged over the four years 1970-1973,
This introduces monthly mean oxidant as a predictor in such a way
as to remove the day of the week variation which could bias the models,
From a series of regressions using just these additional variables,
the 750 mb temperature at 12:00 is chosen as the best predictor,
eSpecié,lly at inland stations. The calculated monthly mean oxidant

functions are also selected frequently. It seems that these functions
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replace insolation as predictors in the regression equation since they
are similar to the insolation curves, and no insolation data are avail-
able to the program in these runs. These results are summarized in
Table VI.

When some of the more frequently selected variables of the
ground level set are added to the upper air da.ta»_vset, similar results
are obtained. In all cases a temperature is selected as the best pre-
dictor. The Pomona temperature is selected at mid and coastal
stations and the 750 mb temperature at 12:00 is chosen at inland
stations. The calculated oxidant function is not selected as a good
predictor when the insolation data are present in the data set. In-
stead, insolation at Riverside is selected in all runs. Some of these
results are summarized in Table VII, The two most important pre-
dictors of oxidant maxima from our available set of meteorological
variables are temperature at Pomona, or at 750 mb at 12:00 at LAX,
and insolation at Riverside, Humidity values and the smoothed oxi-
dant function are added subsequently by the program to improve the
models, While it is not surprising that temperature and insolation
are the best predictors of oxidant maxima, it is interesting to note
that the best predictors for a given oxidant maximum is not neces-
sarily 2 meteorological variable from a nearby location, For
example, temperature at Pomona is the best predictor for oxidant
at Downtown Los Angeles and Lennox, but not at Pomona, where the

750 mb temperature at 12:00 at LAX is selected first.



The insensitivity of the linear regression models to weekdays
and weekends is easily illustrated by a series of runs that we did
accidentally. The data set for these runs was coinstructed to include
all the data day by day, instead of being sorted into weekdays and

weekends. The models calculated using this complete set of all days

74

are nearly indistinguishable from those calculated using just weekdays -

or just the weekends. The variables chosen as the best predictors
are the same, the constants are similar and the accuracy of the
models is not significantly different from the weekday and weekend
models, though they are slightly more accurate due to the fact that
the data set is larger when all the days are used.

In summary, the meteorological variables found to correlate
best with oxidant level are temperature and insolation. Relative
humidity and seasonal mean oxidant level contain a smaller amount
of additional information. In spite of the general assumption to the

contrary, inversion height and wind speed are not found to be useful.
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Table I. Variables in the Data Base, Fach Available for
Every Day of the Years 1972-1973

Day of the year
Day of the week

For each of the nine LAAPCD stations, for both oxidant and CO:
24 hour average
Maximum hourly value
Hour of maximum
Maximum 4 hour average (8 hour average for CTO)
Beginning hour of 4 (8) hour average
Instantaneous. maximum
Hour of instantaneous maximum

Wind speed at each of the six stations, average for 9:00-14:00

For each of the five LAAPCD meteorological stations:
Temperature, average for 9:00-14:00
Relative humidity, average for 9:00-14:00

Insolation, average for 9:00-14:00, at
Downtown
LAX

Riverside
Average 6:00-12:00 wind at Downtown
Inversion height at LAX

LAAPCD predictions of maximum oxidant and CO values at 10
LAAPCD stations

LAAPCD predictions of meteorological variables:
Inversion height
Mixing depth
Average wind 6:00-12:00 at Downtown

Data from LAX soundings, twice daily, 6:00 and*12:00
750 mb height '
750 mb temperature
850 mb height’ ‘
850 mb temperature

t
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Table III. Results of Initial Linear Regressions with 50 Variables

Oxidant Oxidant Oxidant
Maximum Maximum Maximum
Downtown IL.ennox Pomona

Variables Weekdays | Weekends | Weekdays [ Weekends | Weekdays | Weekends
L L ] S/

- ——— e e b oo e

Ta

Day of year
2

(Day of year)
Wind-Azusa

. 2
(Wind-Azusa)
Wind-Long Beach 3 4 6 4
(Wind -Long Beach)2
Humidity- LAX

Cas 2
(Humidity- LAX) 8 2
Humidity- Pomona . 4
('Hu.rnidity’-Pomona)2 7 8
Temperature-LAX. [ 5
(Temperature—LAX)2 4 2
Temperature-Pomona 1 1
(Temperature-Pmnona)z 1 1 . 1
Temperature-Downtown
(Temperature —Dowrﬁown)2 5 1
Insolation-LAX 8 7 6 8
. 2

{Insolation-LAX)
Inversion height- LAX
(Inversion height-LAX)Z
Wind -Downtown 3 3 5

. 2
(Wind -Downtown)
Insolation-Riverside 3 3
(Insolation-River side)2 4 2 3

LAAPCD prediction of 6
inversion base

LAAPCD prediction of 5 8
inversion temperature




Variables

T-1° '

Wind-Azusa
. 2
{Wird-Azusa)
Wind-ILong Beach
. 2
{Wind-Long Beach)
Humidity - LAX
a- .2
(Humidity-LAX)
Humidity-Pomona
g 2
(tumidity - Pomona)
Temperature-LAX
2
(Temperature-I.AX)
Temperat\:\re—Pomona
2
(Temperature—?omona)
Temperature-Downtown
2
(Temperature—DowntQWn)
Insolation-LAX
. 2
{Insolation- LAX)
Inversion height- LAX
- . 2
(Inversion height-LAX)
Wind-Downtown
. 2
(Wind Downtown)
Insolation-Riverside
: . . 2
{Insolation-Riverside)

L.AAPCD prediction of
inversion base

LAAPCD prediction of
inversion temperature

RZ

E

Table 11I. Continued
Downtown lL.ecunox
Weckdays | Weekends [ Weckdays Weckend

5
8
5
2
2
4
3
7
7
2
.694 .652 . 297 . 372
. 303 . 287 . 367 . 355

79

Pomona
s| Weekdays | Weekends
7
6
7
.692 . 707
.298 274

a
Variables for the same day as oxidant value to be predicted.

b . . .
Variables for day previous to oxidant value to be predicted.
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Table IV. Results of Linear Regressions using Limited Set of
Ground Level Meteorological Data

Oxidant Oxidant Oxidant
Maximum Maximum Maximum
Downtown Lennox Pomona
Variables Weekdays | Weekends | Weekdays [ Weekends | Weekdays | Weekends
Ta
Wix?d-Long Beach 5 4 4 5
Humidity- Pomona 6 3
(Humidity- Pormona) 2 5 6
Humidity-Downtown 2
(Humi(:lil:y-Down.towz;)2 6
Temperature-Pomona 1 1
(Temperatur:e-Pc»rrmna)2 1 1 1
Temperature-Downtown
('I'ernper:a.ture—Downtown)2 1
Insolation- LAX 6
(Insolation-LAX)z 4
Inversion height- LAX 6 4 3 5 4
Wind-Downtown 3 3
Insolation-Riverside 3 2
(Insolation—Rive':side)z 2 2 3 6
T- lb
Humidity- Pomona 5 5
(Humidity-Pomona)z
Temperature- Pormona 4
{Tempe x*a.t:\.xre-F’omona.)2 2 2
2 663 | .625 263 | 267 .658 .680
E . 311 . 344 . 377 . 386 .318 . 288

®Variables for the same day as oxidant value to be predicted,

bVariables for day previous to oxidant value to be predicted,

== o

= r

s

=



Table V. Results of Linear Regressions using Logarithms of
the Input Variables and Oxidant Values®

Oxidant Cxidant

Oxidant

Maximum Maximum Maximum
Downtown | Lemox Fomona
Variables Wc;:k<lays ‘.'_e—ckends Weekdays | Weekends Weckdays] Weekends
T
Wind-Azusa
Wind-l.ong Beach
Humidity- LAX 3
Humidity - Pornona 3
Humidity-Downtown
Temperature-LAX
Temperature-Pomona 1 1 1 1
Temperature-Downtown
Insolation- LAX 5 5
Inversion height-LAX 6 4
Wind -Downtown 3 3 4 [
Insolation-Riverside 2 2 2 2
LAAPCD prediction of 5
inversion height
LAAPCD predicticn of 4 5
inversion ternperature
T- lb
Humidity-LAX 4
Insolation-Riverside 6 [
r® .732 .714 . 780 .787
E L 271 . 264 l‘ L277 .260

2 ruch rore data from the previous day was used, but not chosen for any of the regression

models.

bVariables for the same day as oxidant value to be predicted.

SVarjables for day previous to oxidant value to be predicted.

81
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Table VI. Results of Regressions Using Only Upper Air Data

Variables

a

T
750 mb height at 6:00

750 mb temperature
at 6:00

850 mb height at 6:00

850 mb temperature
at 6:00

750 mb height at 12:00

750 mb temperature
at 12:00

850 mb height at 12:00

850 mb temperature
at 12:00

Oxidant function
Maxirmurmn-Azusa

Oxidant function
Average-Burbank

Oxidant function
Maximum-Pomona

Oxidant function
Average-Downtown

RZ

E

( Oxidant
Maximuam
Downtown

and Calculated Oxidant Function

Oxidant

Maximum

Lennox

Oxidant
Maximum

Weekdays

2
.507

. 364

Weekends

2
.472

. 356

Weekd

ays ] Weekends

.160

.400

Pomona

Weekdays | Weekends

.657 .618

317 .323

#Variables for the same day as oxidant to be predicted,

e e e T A

T

R e —— 8

e



Table VII. Results of Regressions Using Both Ground Level and
Upper Air Meteorological Variables

Oxidant Oxidant Oxidant
Maximum Maximum Maximum
Downtown Lennox Pomona

Variables Weekdays| Weekends: Weekdays Weekends | Weekdays | Weekends

Ta.

Ins olation-Riverside
(Insola.tion—Riverside]z 2 2 3 3 2 2

Temperature-Pomona 1

w

(Temperature-Pomona)z 1 1 1. 4
Humidity-Fomona 5 5 4
(Humidity- Pornona )2 4 5
750 mb height at 6:00 6

750 mb temperature
at 6:00 3

850 mb height at 6:00 5

850 mb tempearture
at 6:00 6 6

750 mb height at 12:00 5 6 6

750 mb temperature
at 12:00 1 1

850 mb height at 12:00

850 mb temperature
at 12:00 5

Oxidant function
Maximum-Azusa 3 4 2 2

Oxidant function
Average-Burbank 3

Oxidant function
Maximum-Pomona

Oxidant function
Average-Downtown

{Temperature-Long Beach)2 4
Humidity - LAX 4
(Humidity-Long Beach)? 6

R .636 .587 .263 314 .680 677

E . 327 . 312 . 369 . 363 . 304 . 288

A variables for the seme day as oxidant value to be predicted.



CHAPTER V

CHEMICAL AND METEOROLOGICAL DATA BASE
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INTRODUCTION

The analyses presented of the chemical and physical behavior
of the South Coast Air Basin are based on a very extensive set of
atmospheric measurements. We have collected on magnetic com-
puter tapes a fairly complete set of air quality and meteorological
data for th;e South Coast Air Basin and some data for other areas of
the state. This chapter describes the data. First are lists of the
various tapes, the variables measured, and the locations at which
data are recorded., Following that is a tape by tape list of the specific

data available at each station and for what time periods,
CHEMICAL DATA

Data from the California Air Resources Board (CARB)

We have data fér 1963-1973 with each year on a separate tape.
Data are arranged by pollutant. Within each pollutant, the data are
arranged by county for all counties except Los Angeles for which
data are available in this format only since 1973. The 24 hourly
averages, daily average, daily hourly maximum, and instantaneous
maximum are all available for each day. Measurements are recorded
for oxidant, CO, NO, NOZ’ NOX, SOZ’ and hydrocarbons. The Los
Angeles data set is fairly complete but it is often the case that other

stations will not measure all of these pollutants and in some instances

only oxidant data are available. Few stations span the entire 11 years:




many stations have begun data collection during this period, several
have been moved and many have been discontinued. The stations on
these tapecs are listed in Table II and the data are detailed in

Tables VI-XVI.

Data from the Los Angeles Air Pollution Control District (LAAPCD)

We have data for the LAAPCD stations for the period 1955-
1972. The data for 1973 are on the CARB tapes. These data are all
on five tapes, grouped by pollutant, and within each pollutant the data
are arranged chronologically for each station. The LAAPCD stations
record the same data as the CARB stations with the addition of a sep-
arate measurement of methane concentration. Most stations recora
all of the pollutants. As with the data on the CARB tapes, only a few
of the stations span the entire period. The stations on these tapes

are listed in Table IV, and the data are listed in Tables XVII-XXIL

METEOROLOGICAL DATA

Data from the Los Angeles Air Pollution Control District

Some meteorological data are availéble on the same tapes as
the air monitoring data. These include hourly measurements at
several weather stations of temperature, relative humidity, and
insolation. The daily maximum is also recorded. There is a sepa-
rate tape with this data for 1973. In addition, for 1955-1973, we

have three tapes with hourly measurements of wind speed and wind
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direction at many stations throughout the county. For these data an
"hour' beéins on the half hour: the number recorded for 12" is the
average between 11:20-12:20 instead of 12:00-1:00 as with all the

other data. The stations on these tapes are listed in Table V and the

data are detailed in Tables XXIII-XXV.

Data from the National Weather Service

We have upper air data for 1972 and 1972 only, on one tape.
Soundings are twice daily at El Monte, Los Angeles International
“Airport and Vandenberg Air Force Base. The El Monte data is for
~weekdays only, and the 1972 Vandenberg data has 15% of the data
missing. These data include measurements of pressure, tempera-
ture, relative humidity, wind speed and wind direction at various

heights, and are described in Table XXVI,

Miscellaneous
In addition to the data on tapes, we have some meteorological
data on computer cards, These data are for the years 1972 and
1973 only, and include:
1. Hourly readings of insolation at Riverside.
2. Inversion height, one measurement per day, at Downtown.
3. APCD daily predictions of oxidant maxima, CO maxima, |
inversion height, mixing height, and morning wind speed.
These predictions are made each ‘da.y at 10 AM for the

following day.



Table 1.

List of Tapes

From California Air Resources Board (CARB):

Fach tape contains all the data for one year

CARB63
CARB64
CARBG65
CARB66
CARB67
CARDB6S
CARB69
CARB70
CARB71
CARBT2
CARB73

From the Los Angeles Air Pollution Control District (LAAPCD):

LATO059
LA6064
LA6569
LA7071
LA72

LAMET

WINDONE

WINDTWO

WIND THREE

Contains the data previous to 1959

Contains
Contains
Contains
Contains

the data for
the data for
the data for
the data for

1960-1964
1965-1969
1970-1971
1972

Contains variables 74, 76, and 78 for
1972-1973

Contains wind data for stations 2-71

for 1955-

1970

Contains wind data for stations 71-119

for 1955-

1970

Contains wind data for all stations

for 1971-

1973

From the National Weather Service (NWS):

UPPERAIR

Contains soundings for 1972-1973
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Table I1,

Variables Recorded

08

11

12

14

15

18

21

23

29

31

32

33

60

14

76

78

80

90

Particulates (ARB)
(Hydrocarbons-Methane) (APCD)
Oxidant

1 O(NOX)/(Hydrocarbons— CH4)(APCD)
co

SO

2
NO

2
NO
NO

X
Hydrocarbons
Methane (APCD)
Ozone by rubber cracking (APCD)
Particulates (APCD)
Temperature (APCD)
Relative Humidity (APCD)
Insolation (APCD)

Visibility (APCD)

Eye Irritation (APCD)
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Table III. Stations on CARB Tapes, in Alphabetical Order
with Station Numbers

Station

Number Location

02 60330 Alameda

02 60329 Albany

06 80117 Alpine

05 36167 Alta Loma

07 25761 Alturas

05 30176 Anaheim

08 45554 Anderson

01 12502 Arcata

01 12504 Arcata-Fire Stn

12 31802 Auburn

09 16702 Avenal

05 70060 ‘ Azusa

11 33133 Banning

11 33150 Banning-Allesandro

11 36155 Barstow

11 33127 Beaumont

02 48876 Benicia

02 60326 Berkeley

05 36177 Big Bear City-Moonridge
05 36184 Big Bear Lake

10 14691 Bishop

09 15201 Bkrsfld ARB-Golden

09 15202 Bkrsfld H. D, -Flower St
09 15203 Bkrsfld-Chester St

08 04623 Blavo

01 12507 Blue Lake

11 33132 Blythe

01 2375 Bounville

11 15209 Boron-Fire Stn

11 13683 Brawley-Fire Stn
1026771 Bridgeport

10 26773 Bridgeport-Co. Maint Yd
05 70069 Burbank

02 41544 Burlingame

02 41545 Burlingame-Burlingame Ave
02 41546 Burlingame-Sewage Plant

08 45556 Burney



Table III.

Station
Number

Continued

11
01
05
05
05
12
06
03
03
05
08
11
05
05
06
06
06
01
09
09
12
08
02
02
09
05
05
05
01
05
02
05

08
08
06
09
12
08

13681
23752
56416
56407
56408
09663
80102
27534
27539
42359
04621
15211
26173
36162
80103
80114
80112
49886
10231
39253
55921
06641
07435
07436
16704
33128
30185
30182
08651
36172
07437
26161

57567
57568

80109.

15210
46851
57571

Location

Calexico-Fire Stn
Calpilla
Camarillo-Elm Dr
Camarillo~- Magnolia
Camarillo-Palm
Camino

Carlsbad

Carmel

Carmel Valley
Carpinteria

Chico

China Lake
Chino-Riverside Ave
Chino Airport
Chollas Heights
Chula Vista

Chula Vista H. D,
Cloverdale

Coalinga

Colonial Heights
Columbia

Colusa -
Concord-Bishop Dr
Concord- Treat Blvd
Corcoran-Fire Stn
Corona

Costa Mesa-Harbor
Costa Mesa-MBL No. 4
Crescent City
Crestline
Crockett-Kendall Ave

Cucamonga UCR Lemon *2

Davis

Davis-5th St

Del Mar

Delano

Downieville
Dunningan-Main St
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Table III. Continued
Station _
Number I.ocation
06 80104 El Cajon
11 13684 El Centro APCD
11 13682 El Centro-Broadway
05 70579 - El Monte
05 70051 El Segundo
05 30186 El Toro
05 33152 Elsinore
06 80105 Escondido-So. Grape
06 80111 Escondido-Valley Blvd
06 80115 Escondido-Valley Pkwy
01 12501 Fureka
01 12503 Eureka H.D, -6th and I St
01 12513 Fureka~Fort Humboldt
01 12505 Fureka-General Hospital
01 12506 Fureka-Highway Dept
02 48872 Fairfield
02 48875 Fairfield-BAAPCD
05 56406 Fillmore
09 10229 | Five Points
05 36154 Fontana
05 36174 Fontana-Cypress
05 36176 Fontana-Foothill
01 23756 Fort Bragg-Central
01 23755 Yort Bragg-Firestone
01 23760 Fort Bragg-So. Main
01 12508 Fortuna
02 60336 Fremont-Chapel Way
02 60333 Fremont-Union St
09 10232 Fresno-Calif. State
09 10226 Fresno~Cedar St
09 10227 Fresno-Courthouse Lobby
09 10228 Fresno-Courthouse 8th Flr
09 10233 Fresno~Herndon
09 10234 Fresno-Olive
01 12511 Garberville
12 09666 Georgetown '
02 43385 Gilroy-Monterey St
05 42363 Goleta
03 27537 Gonzales-High School
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Table 1II. Continued

Station

Number Location

09 54564 Goshen

05 30183 _ Green River Golf Course
09 16701 Hanford H. D.

09 16703 Hanford-Courthouse

02 60337 ' Hayward-La Mesa

01 49885 Healdsburg

05 33130 Hemet

05 33141 ‘ Hemet~State St

03 35821 Hollister

05 70073 : Hollywood Freeway

01 12516 : Hoopa

05 30178 _ Huntington Beach

06 80126 - Imperial Beach

11 33129 - Indio

11 33145 | Indio-ARB

11 33139 Indio-Oasis St

05 70068 Inglewood

06 80118 ‘ Jacumba

06 80116 - Kearney Mesa

13 17712 Kelseyville

02 21452 Kentfield

09 15205 ' _ Kern Refuge

03 27535 ‘ King City

12 31805 Kings Beach

05 30177 ‘ La Habra

05 30189 Laguna Beach-Broadway
05 36181 Lake Gregory

13 17711 e Lakeport _
13 17713 Lakeport-Lakeport Blvd
11 70082 » Lancaster

10 26772 Lee Vining

05 70076 ' Lennox

12 31807 Lincoln

06 80119 Lindbergh Field-Wthr only
08 51892 : - Live Oak-TFire Stn

02 60335 - Livermore-Railroad

02 60331 Livermore-Rincon



Table 1II. Continued
Station
Number Location
09 39255 Lodi
02 43378 Loma Prieta
04 42360 Lompoc
04 42353 Lompoc H. D.
10 14692 Lone Pine-Airport
10 14693 Lone Pine-Co. Maint Yd
05 70072 Long Beach
12 31806 Loomis Basin
05 30184 Los ‘Alamitos Air Station
05 30190 Los Alamitos-Orangewood
05 70001 Los Angeles-Downtown
05 70581 Los Angeles-Mt, Lee
05 70070 Los Angeles-USC Med Ctr
09 24522 Los Banos
02 42380 Los Gatos
12 03612 Lower Kirkwood
11 36186 Iuncerne Valley
12 09665 Luther Pass
05 70084 ‘Lynwood
09 20001 Madera IH. D.
09 20002 Madera-Library
08 04624 Manzanita
08 04625 Manzanita-99E
12 22741 Mariposa
02 07427 . Martinez
02 07424 Martinez-Jones St
08 58931 Marzrysville
07 47867 McCloud
01 12509 McKinleyville
09 24521 Merced
09 24523 Merced-Trailer
09 24524 Merced-18th St
05 33135 Mira Loma
06 80106 Mission Beach
06 80108 Mission Valley
09 50556 Modesto
09 50557 Modesto-J St
09 50558 Modesto-QOzakdale Rd
11 15207 Mojave
03 27538 Monterey APCD
03 27532 Monterey Peninsula Col
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Table III. Continued
Station
Number Location
05 56411 Moorpark College
04 40823 Morro Bay
02 43387 Mountain View-Cuesta
02 43381 Mountainview
07 47866 Mt. Shasta
02 28781 Napa-First St
02 28783 Napa-Jefferson St
02 28782 Napa-St Helena Hwy
06 80124 National City
11 13680 Naval Air Facility
11 36169 Needles High School
06 80107 Nestor
09 39259 New Jerusalem
05 70081 Newhall
05 30180 Newport Beach
05 33140 Norco-Prado Park
08 04622 Nord
01 12515 North Arcata
02 07431 North Richmond
01 23757 North Ukiah-Kuki Rd
02 60327 Oakland
02 60334 Oakland-Jackson
02 60338 Oakland-Mtn Blvd
06 80110 Oceanside
06 80121 Oceanside-So Cleveland
05 56402 Ojai
05 36171 Ontario Airport
05 36152 Ontario-Chaffey High Sch
05 30178 Orange County Airport
01 12512 Orick
08 04625 Oroville-Bird St
05 56485 Oxnard
05 56410 Oxnard-A St
11 33131 Palm Springs
1133143 Palm Springs-Amado
11 33137 Palm Springs-Fire Stn
09 10230 Parlier
05 70079 Pasadena
05 70064 Pasadena-Villa St
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Table III. Continued

Station

Number l Location

05 70083 Pasadena-Walnut
04 40832 Paso Robles

09 50560 Patterson

05 33149 Perris

02 49882  Petaluma

02 49883 Petaluma-Payran
02 07430 Pittsburg

12 09664 Placerville

08 51893 Pleasant Grove

02 60332 Pleasanton

01 23758 Point Arena

05 56409 Point Mugu

02 07432 Point Richmond

12 09661 ' Pollack Pines

05 70075 Pomona

02 07429 Port Chicago

05 56412 Port Hueneme

09 54563 Porterville

12 32811 ~ Quincy

12 32812 Quincy-Hospital

08 52901 Red Bluff

08 52903 \ Red Bluff-AG Comm Office
08 52906 ' Red Bluff-Lincoln
08 52902 Red Bluff-Radar Base
08 45551 Redding H. D,

08 45552 Redding-Courthouse
08 45555 Redding-H. D. Roof
08 45553 Redding-Market

05 36165 Redlands

05 70078 . Redondo Beach

02 41541 Redwcod City

05 70074 Reseda

05 36166 - Rijalto Airport

02 07428 Richmond

02 07433 Richmond-13th St
11 15206 Ridgecrest

02 48877 Rio Vista-Main St
05 33148 Riverside ARB-UCR Ox Sate

05 33146 : Riverside-Magnolia



Table IIL

Continued

Station
Number

05
05
05
05
05
12
12

08
08
08
08
08
08
09
03
03
01
01
01
05
06
06
06
06
02
02
02
02
02
02
02
02
02
02
03
05
02
04
02
06
02

33144
33142
33134
33147
33126
31801
31804

34277
34278
34281
34282
34276
34280
50559
27531
27536
12510
12517
12514
36151
80120
80125
§0123
80101
G0303
90302
90301
90304
43383
43377
43386
43379
43382
43376
35822
30188
60328
40831
41543
80113
21451

Location

Riverside-Rubidoux
Riverside- Trailer
Riverside-UCR Animal Fac
Riverside-UCR Wthr Shack
Riverside-11th St Mall
Roseville

Roseville-So Curbey

Sacto H. D, -Stockton Blvd
Sacto-Creekside School
Sacto-10th and P St
Sacto-1025 P St
Sacto-13th and J St
Sacto-7th and I St

Salida

Salinas H. D. -Natividad Rd
Salinas-Alisal

Sarmoa

Samoa-Store
Samoa-Vance Ave

San Bernardino

San Diego-Island Ave
San Diego-North Park
San Diego-Overland

San Diego-8th and E St
San Francisco-Ellis St
San Francisco-Mission St
San Francisco-Union Sq
San Francisco-23rd St
San Jose~Humboldt

San Jose-Moorpark

San Jose-Piedmont Rd
San Jose-West Alma Ave
San Jose-4th St

San Jose-5th St

San Juan Bautista

San Juan Capistrano

San Leandro

San ILuis Obispo

San Mateo Bridge

San Onofre

San Rafael




Table 1II. Continued

Station
Number Location

06 80122 ' San Ysidro

05 30181 Santa Ana Canyon

05 30187 Santa Ana-Police Stn
05 30191 Santa Ana-Weir Canyon Rd
05 42358 Santa Barbara-Satelite
05 42354 Santa Barbara ARB

05 42351 Santa Barbara H. D.

05 42355 Santa Barbara-State St
03 44841 Santa Cruz _

04 42352 Santa Maria ARB

04 42356 Santa Maria-Library
04 42357 Santa Maria-Wtr Storage
05 56404 Santa Paula

02 49881 Santa Rosa

02 49884 Santa Rosa-Humboldt St
04 42361 Santa Ynez

09 15208 Shafter-City Hall

05 56413 Simi Valley

05 36179 Sky Forest

08 58933 Smartville

12 09667 So Lake Tahoe Airport
12 09662 So Liake Tahoe-Police Dept
12 09668 So Lake Tahoe

02 49887 Sonoma-1st St

12 55922 Sonora

12 55924 Sonora-Forrest Rd

09 39251 Stockton-So. American
09 39256 Stockton-So, Fresno

09 39252 Stockton-Hazelton St
09 39257 ' Stockton-Hotel

02 43384 Sunnyvale

07 18721 Susanville

08 51894 Sutter City

09 15204 Taft

09 15212 Taft-Cedar St

12 31803 Tahoe City

05 33151 Temecula

05 70580 ~ Temple City

11 33138 Thermal

05 56403 Thousand Qaks

05 56415 Thousand Oaks-Windsor



Table III. Continued
Station
Number Location
09 54562 Three Rivers
09 39254 Tracy
09 39258 Tracy-Caltrans
01 12518 Trinidad
12 29791 Truckee-Airport
07 47862 Tulelake
07 47863 Tulelake-Fairground
12 55923 Tuolumne City -
09 50561 Turlock
11 36178 Twentynine Palms-Utah Tr
01 23751 Ukiah
01 23761 Ukiah-~Ct House
01 23762 Ukiah-Firehouse
01 23754 Ukiah~Mendo Mill
05 36174 Upland-Civic Center
05 36175 Upland ARB
05 36164 Upland Orange #1 UCR
05 36160 Upland UCR Lemon #1
05 36153 Upland-Justice Ct
11 33136 Upper Coachella Valley
12 03611 Upper Kirkwood
02 48878 Vacaville
02 48871 Vallejo H. D. -Broadway
02 48873 Vallejo TLR- Tuolumne
02 48874 Vallejo- BAAPCD
02 48879 Vallejo-304 Toulumne
05 56401 Ventura
05 56414 Ventura- Telegraph Rd
11 36168 Victorville
09 54561 Visalia-Old Jail
02 07426 Walnut Creek
08 34279 Walnut Grove
03 44842 Watsonville-Hospital
03 44844 Watsonville-PG &E
03 44843 Watsonville-Trailer
01 53911 Weaverville
01 53912 Weaverville-Hosp
07 47865 Weed
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Table III. Continued
Station
Number Location
05 70071 West Los Angeles
08 57570 West Sacramento~15th St
05 70576 Westwood
08 58932 Wheatland
05 70080 Whittiexr
01 23753 Willits
08 57566 Woodland
08 57569 Woodland-W. Main St
07 47861 Yreka
07 47864 Yreka-Courthouse
08 51891 Yuba City




Table IV. Stations on LAAPCD Air Quality Tapes

Station
Number

Location

13
20
21
39
41
51
55
60
61
64
67
68
69
70
71
72
73
74
75
76
78
79
80
81
82
83
89

Downtown
Burbank

Los Angeles International Airport
Hermosa Beach

Long Beaéh Airport
LA - Federal Building
Lockheed Airport

El Segundo

East Long Beach
Azusa

Ontario Airport
Pasadena

Downey

Inglewood

Burbank

USC Medical Center
West Los Angeles

"Long Beach

Hollywood Freeway
Reseda

Pomona

Lennox

Redondo Beach
Pasadena

Whittier

Newhall

Antelope Valley
Pasadena

Palmdale Airport
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Table V. Stations on LAAPCD Wind Tapes

Station
Number Liocation
2W Zuma Beach
8W San Pedro
12w Redondo Beach
13W Los Angeles International Airport
14w Venice
17W Santa Monica
21W Long Beach Airport
22ZW Downey
2TW Hollywood
34W Vernon
41W Lockheed Airport
61w Ontario Airport
63 W Newport Beach
67TW Canoga Park
71w - Anaheim AMS
75 W APCD Hqtrs AMS
81w Rivera
86W Encino
89W Palmdale Airport
94W Brackett Airport
95W Buena Park
9TW Azusa AMS
98W Lancaster
99W I.a Habra AMS

100W

Burbank AMS
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Table V. Continued

Station
Number Location
101w Long Beach AMS
102w West L, A, AMS
103w L. A. City College
104W Malibu |
106w Walnut

107w Reseda AMS
108w La Canada

109w Pomona AMS
112w Compton

113w Mission Hills
114w Whittier AMS
115w Newhall AMS
117w Lancaster AMS
118w Lennox AMS
119w Alhambra

120w Hawthorne

121w Saugus

122w Pasadena AMS
123w Marina Del Rey
124w Mount Wilson
125w Catalina

126w Costa Mesa AMS
127w Los Alamitos AMS
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Table VI. Data on CARB63, Number of Days with Data
per Station per Variable

Station Variables

g 12 15 18 21 23 29 31

10y 365 385 365 . .0..365 365 365 0
104 120 0 0 0 0 0 0 0
126 . .. 0..365 .365_..0 184 0 0 0
127 o 214 0 9] 0 0 0 0
128 . 214 0.0 0 .. .0...0. 0
151 365 365 365 0 365 365 365 0
o A%2 0. .92 30 _.6% .92 92 ... 0 0
153 0 32 0 92 92 92 0 0
R W 4 - T 0. 365 ..365__.36A5 365 __365...365 .. 0
201 306 365 127 306 306 306 306 0
202 .....365....0 o ___0__._0 . 0. .0 0 .
226 275 345 122 0 365 365 365 0
Y- AU 365 0 ... Q_ . Q _0O0. . .0 _0 V]
251 151  3n4 0 0 30 30 30 0
252 .. _.214 .6y 214__ .0 _ 31 it 31 0
2513 365 0 0 0 0 0 0 0
254 3650 _0_. 0. 0 0 0 0.
255 3338 0 0 0 0 0 0 0
256 . .44 0O O 0 0 o 0. .0
276 365 365 365 0 365 365 365 0
277 ... 365.....0 .0 _ _ 0V 0 0 .. .0 0
278 306 0 0 0 0 0 0 0
301 ... 0 _365_.365._365..365 __365. 365 365
376 365 184 0 0 0 0 0 U
327 .303 334 385 273 _306 214 304 0
351 365 3134 0 0 0 0 1) 0
_376 . 0 . 31 92 0 31 31 31 v
377 0 184 0 0 0 0 0 0
40y 0. 92 31U 0. 0 6y . 0
501 303 0 0 0 0 0 0 0
.5t .. ... 0. .1s54 . 0Q_..0 0 0 0 0
521 365 0 0 0 0 0 0 0
531 ... 308 .0 _0.___0_.0 0. .0 0
541 n 1s3 0 0 0 0 0 0
e B85 365 __. 0. _0___0 0 0 .0 0
561 365 0 0 0 0 0 0 0
56K .. ... . 365....0 0. 0 0 a ) 0




Table VII. Data on CARB64, Number of Days with Data

per Station per Variable

Station

Variables

_ 8. 12 15 13 21 23 29 Al
e A0Y 366 366 365 . 0 366 366 366 0
102 0 275 0 0 0 0 0 0
103 . . 0_.7275 0 .0 0 0 .. .0____ 0.
104 335 0 ) 0 0 0 0 0
306 .. . 0_ 2715 0. .0 366 3%6. 366_.__ 0 _
107 0 275 0 0 0 0 0 0
— 126 . 0 386 366 .0 336 306 .306 172
127 0 366 0 0 0 0 0 0
128 ...0. 366 0., 0 0 0. 0. _0
151 304 366 366 92 305 305 305 61
—AR3 . .0 ..366 366, 274 243 243 ... 0. __ 0.
160 0 275 0 0 0 0 0 0
et L0275 0 0 .0 0 0 ...
176 0 366 366 366 335 335 335 157
o0 2Th 366 366, 366 152 182 152 .. 0
202 366 0 0 0 0 0 0 0
e 226 . 9% 366 366 0 366 366 366 61
227 213 0 0 0 0 0 0 0
282 0276 366 366 . 0 366 366 366 . &1 .
253 183 0 0 0 0 0 0 0
e 2DA 306 0 0.0 .0 0 .0 o .
255 307 0 0 0 0 0 0 0
@6 366 366 366. . 0 366 366 366_.... .0 .
277 274 0 0 0 0 0 0 v
278 274 366 0 . 0 0 0 . 0_...0
3ng 0 366 366 366 366 366 366 365
—— 302 0 316 31 0 31 31 31 . 3t
326 335 335 0 V) 0 0 0 0
327 366 366 1366 0 366 366 366. 184
378 0 i1 0 0 0 0 0 0
o 351 .366 3466 366 U 368 366 366... 0
376 0 346 366 0 366 366 366 92
A0 . 306366 366 0 0 0 366 192 .
451 0 335 0 ) 0 0 0 0
2521 366 0. 0 U .0 0. 0. 0
531 184 0 0 0 0 0 0 )
541 .. 0. 304 0 0 0 0 .. 0 ...0
551 244 0 0 0 0 0 0 U
556 123 0 0 0 0 0. 0 .. 0
561 60 0 0 0 0 0 0 0
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Table VIII. Data on CARB65, Number of Days with Data
per Station per Variable
Station Variables

8 12 15 18 21 23 29 31
101 365 365 365 0 365 365 365 365
102 0 365 G ¢ G 0 ¢ 0
103 ¢ 365 0 0 0 0 0 0
104 365 365 0 0 0 0 0 0
106 0 365 0 0 365 365 365 0
107 0 365 0 0 0 0 0 0
126 365 365 365 0 365 365 365 365
127 0 365 G 0 0 0 0 0
128 U 365 0 0 0 0 0 0
151 365 365 365 365 365 365 365 365
153 0 365 365 30 365 365 0 0
160 0 365 0 ¢ 0 0 Y 0
161 0 365 0 0 0 0 0 0
162 0 31 0 0 31 31 0 0
176 ¢ 365 365 365 365 365 364 365
177 0 365 365 365 365 0 365
20] 365 365 365 31 0 0 365 365
202 365 ¢ 0 v 0 0 0 0
226 365 365 365 0 364 365 365 365
252 365 365 365 0 365 365 365 365
254 365 G 0 0 0 0 0 0
255 365 0 0 0 0 0 0 0
276 365 365 365 0 365 365 365 365
277 365 0 0 0 0 0 0 0
278 365 365 0 0 0 0 0 0
302 0 365 365 0 365 365 365 365
326 ¢ 365 0 G- 0 0 C 0
327 364 365 365 0 365 355 365 365
328 0 365 0 0 0 0 0 0
351 365 365 365 0 365 365 365 0
376 0 365 365 0 365 365 365 365
401 365 365 36> 0 G 0 365 365
426 0 245 0 0 0 0 0 0
427 365 G 0. 0 0 0 0 0
451 0 275 0 ¢ 0 0 0 0
521 365 0 G ¢ Y 0 0 0
531 365 Q 0 0 0 0 v 0
541 0 365 0 0 0 0 0 0
551 365 0 0 0 0 0 0 0
561 365 0 0 0 0 0 0 0
566 365 0 0 0 0 0 0 0
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Table IX. Data on CARB66, Number of Days with Data
per Station per Variable

Station Variables
8 12 15 18 el | 23 29 31
101 365 365 365 0 365 365 365 365
102 0 365 0 0 0 0 0 0
103 0 365 0 0 0 0 U 0
104 365 365 0 0 0 0 0 0
106 0 31 0 0 31 31 31 0
107 0 365 O 0 0 0 0 0
108 0 334 0 0 334 334 334 0
126 365 365 365 120 365 365 365 365
127 0 365 {] 0 0 0 0 0
128 ¢ 365 0 0 0 0 6 0
151 0 365 365 246 365 365 365 365
153 0 365 365 0 59 59 0 0
160 0 365 0 ¢ 0 0 0 0
161 0 365 b 0 0 0 0 0
162 0 365 0 0 181 181 0 0
176 0 365 365 365 365 365 365 365
177 0 365 365 1365 365 0 365 0
201 365 365 365 0 306 306 306 365
202 365 0 0 0 0 0 0 0
226 365 365 365 0 365 365 365 365
252 365 365 365 0 365 365 365 365
254 365 0 0 0 0 0 0 0
255 365 0 G 0 0 0 0 0
276 365 365 36% 0 365 365 365 365
277 T 365 0 G 0 (] 0 0 0
278 365 365 0 0 0 0 0 0
307 0 365 365 0 365 31 31 365
326 365 365 0 0 0 0 0 0
327 365 365 365 0 365 365 365 365
328 0 365 G 0 0 0 ¢ 0
351 151 151 151 0 151 151 185} 0
376 ¢ 364 365 ¢ 334 31 62 365
401 151 151 151 0 0 0 151 151
426 0 211 0 0 0 0 U 0
427 303 0 0 0 0 0 0 0
428 61 92 92 0 92 92 92 0
429 184 334 334 0 334 334. 334 334
45] 0 334 G 0 0 0 0 0
521 365 0 0 0 0 0 0 0
531 365 0 0 0 0 0 0 0
536 97 92 92 -0 a2 92 92 92
541 0 334 0 0 0 0 0 0
551 334 0 0 0 0 0 0 0
561 365 0 0 0 0O 0 0 0
566 365 0 0 6 0 0 0 0
841 122 122 122 0 122 122 122 122

—rmr—




Table X. Data on CARB67, Number of Days with Data
per Station per Variable

Station Variables
8 12 15 18 21 23 29 31
101 365 365 36% 0 365 365 365 334
102 0 273 0 0 0 0 0 0
103 0 365 0 0 0 0 0 0
104 365 365 0 0 0 0 0 0
107 0 365 G 0 o 0 G 0
108 184 365 G 0 3865 365 365 31
110 0 122 0 0 0 0 0 0
126 365 365 365 306 365 365 365 365
127 0 120 0 0 ] 0 0 0
128 0 365 0 0 0 0 0 0
132 31 it 0 0 0 0 0 1]
151 0 365 365 365 365 365 365 365
153 0 273 273 0 2i2 181 181 0
154 0 0 0 0 31 31 31 0
160 0 303 0 0 0 0 0 0
161 U 365 0 0 0 0 G 0
162 0 334 334 0 306 276 276 0
164 0 184 0 0 0 0 4] 0
165 0 ST 48 0 57 57 57 0
176 0 365 365 365 335 365 365 365
177 0 365 365 365 365 153 365 . 0
178 0 245 245 245 30 30 ¢ 0
201 365 365 365 0 365 365 365 365
202 365 0 0 0 0 0 0 0
226 365 385 365 0 365 365 365 365
252 365 365 365 0 365 365 365 365
254 365 G 0 0 0 0 U 0
255 365 G 0 0 ¢ 0 0 0
276 365 3585 365 0 365 365 365 365
277 365 0 0 0 0O 0 0 G
278 365 365 6 1t 0 0 G 0
342 31 365 365 U 365 365 365 365
326 365 181 0 0 0 0 0 0
327 366 365 365 0 365 365 365 365
328 0 365 0 0 0 0 O 0
331 31 275 0 0 0 0 0 0
376 61 365 365 0 365 365 365 365
426 0 365 0 G ¢ 0 0 4]
427 365 0 0 0 0 0 0 0
428 365 365 365 0 365 365 365 275
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Table X. Continued

Station Variables

8 12 15 18 21 23 29 31
429 303 365 365 0 365 365 365 273
451 122 365 92 0 92 92 9?2 92
521 365 0 0 0 0 0 0 0
53] 364 0, 0 0 0 0 0 0
536 337 365 365 0 365 365 365 365
537 214 275 0 0 0 0 0 0
541 245 365 306 0 306 306 3p6 275
543 0 184 0 0 0 4] 0 0
551 335 0 0 0 0 0 0 0
561 366 0 0 0 0 0 0 0
566 365 0 0 0 0 0 0 0
84)] 365 365 365 0 365 365 365 365




Table XI. Data on CARB68, Number of Days with Data

per Station per Variable

Station Variables

8 12 15 18 21 23 29 31
10} 336 366 366 0 366 366 366 366
103 : 0 366 0 0 0 0 0 0
104 366 366 0 0 0 0 0 0
107 0 366 0 ] 0 0 0 0
108 366 366 G 0 366 366 366 0
110 0 366 0 0 0 0 0 0
126 366 366 366 366 366 366 366 366
128 0 366 0 0 0 0 0 0
132 361 0 0 0 0 0 ] 0
151 0 366 366 366 366 366 360 366
160 0 366 0 0 0 0 0 0
161 0 366 0 0 0 0 O 0
162 0 335 366 0 366 366 366 0
164 0 366 0 0 0 0 0 0
165 G 366 366 0 366 366 366 0
168 0 245 0 0 0 0 0 0
176 366 366 366 336 366 366 366 366
177 0 366 365 366 366 366 366 0
178 0 366 366 366 0 0 Y 0
201 366 366 366 0 366 366 369 366
202 366 0 0 0 0 o0 0 0
226 366 366 366 0 366 366 366 366
252 366 366 366 0 366 366 3606 366
254 366 ¢ g 0 0 0 d 0
255 366 0 0 0 0 - 0 ¢ 0
257 0 0 335 0 0 0 0 0
276 366 366 366 0 366 366 366 366
277 366 G J 0 0 0 0 0
278 366 366 0 0 0 0 0 0
302 335 335 335 0 335 335 335 335
303 122 122 122 0 122 122 122 122
326 366 0 0 0 0 0 0 0
327 365 366 366 0 366 366 366 366
328 0 366 ¢ 0 0 0 0 0
331 365 366 0 0 0 0 v 0
333 332 324 G 0 0 0 G 184
351 366 ¢ 0 v 0 0 U 0
376 366 366 360 0 366 366 3656 366
378 0 366 0 o 0 0 0 0
426 ¢ 366 0 0 0 0 0 0
427 366 J 0 0 0 0 0 0
428 366 366 366 0 366 366 366 366
429 335 335 335 0 335 335 335 335
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Table XI,

Station

8 12 15
430 31 31 31
451 366 366 366
521 366 0 0
531 365 0 0
536 366 366 366
537 365 366 0
538 0 366 368
541 366 366 366
544 365 366 0
551 366 0 0
552 61 0 0
561 3656 G 0
566 366 0 0
841 366 366 366

Continued

Variables

18 21 23 29 31
0 31 31 31 31
0 366 366 366 366
0 0 0 0 0
0 ¥ 0 0 0
0 366 366 366 366
0 0 0 U 0
0 366 356 366 366
0 366 366 366 366
0 0 0 0 366
0 0 0 G 0
0 0 0 0 4]
0 0 0 0 0
0 0 0 0 0
0 366 366 366 366
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Table XII. Data on CARB69, Number of Days with Data
per Station per Variable

Station Variables

8 12 15 18 . 21 23 29 31
103 365 365 365 0 365 365 365 365
103 ¢ 365 0 0 0 0 0 0
104 365 365 0 0 0 0 0 0
107 0 365 0 0 0 0 0 0
108 0 365 0 U 365 365 365 0
110 0 365 0 0 0 t] t 0
126 362 365 365 365 365 365 365 365
128 0 365 0 0 0 0 U 0
132 364 0 0 0 0 0 U 0
136 365 0 G 0 4] 0 G 0
151 365 365 365 365 365 365 365 365
155 0 365 0 0 0 0 0 0
162 365 365 365 -0 365 365 365 0
164 0 365 0 0 0 0 U 0
165 365 365 365 U 365 365 365 0
168 365 365 ¢ 0 0 0 0 0
176 36> 365 365 365 365 365 365 365
177 0 365 365 355 35 355 365 0
178 0 365 365 365 0 0 U 0
201 365 365 365 G 365 365 365 365
202 365 0 0 0 0 0 6 0
226 365 365 365 0 365 365 365 365
227 0 365 365 0 0 0 0 0
228 0 365 365 0 365 365 365 365
252 365 365 365 0 365 365 365 365
254 365 0 0 ) ¢ 0 U 0
255 365 0 0 0 0 J G 0
257 0 G0 365 0 0 0 0 0
276 365 365 36% 0 365 365 365 365
277 365 0 0 0 0 0 0 0
278 365 365 ¢ 0 0 0 G 0
303 365 365 36% 0 3585 355 365 36%
326 365 0 0 ] ¢ 0 0 0
328 ¢ 365 0 0 4] 0 { 0
331 365 365 0 0 0 0 g 0
333 365 365 365 0 0 0 0 365
334 365 365 3585 0 365 365 365 365
335 ‘ U 365 365 0 365 0 0 365
351 365 0] 0 0 0 0 0 0
352 365 0 0 0 0 0 0 4]
353 365 g 0 0 0 0 G 0
376 365 365 365 0 365 365 365 365



Table XII,

Continued

"~ Station Variables

8 12 15 18 21 23 29 31
401 0 153 0 0 153 153 153 0
407 0 0 365 0 0 0 0 0
407 0 365 0 0 365 365 355 0
426 0 365 0 0 0 0 0 0
428 365 365 365 0 365 365 355 365
430 365 365 365 0 365 365 365 365
451 365 365 365 0 365 365 365 365
521 365 0 0 0 0 0 0 0
531 365 0 0 0 0 0 0 0
536 365 365 36S 0 365 365 365 365
537 365 365 0 0 0 0 0 0
538 0 365 365 0 365 365 365 365
543 365 365 365 0 365 365 365 365
544 365 365 365 0 0 0 0 365
551 365 0 0 0 0 0 0 0
552 273 0 0 0 0 0 0 0
561 212 0 0 0 0 0 0 0
566 365 0 0 0 0 0 0 0
751 365 0 0 0 0 0 0 0
752 365 0 0 0 0 0 0 0
753 365 0 0 0 0 0 0 0
781 0 0 365 0 0 0 0 0
843 365 365 0 0 365 365 365 0
871 0 92 ¢ 0 92 92 92 0
872 365 365 G 0 365 365 365 0
831 365 365 365 0 365 365 365 365
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Table XIII. Data on CARB70, Number of Days with Data
per Station per Variable

Station Variables

0.}
-
gV
—
wn
o
w

18 21 29 31

n

1 v 345 305 3509 Sl 3459 3G 365
He - 38T 395 303 A3 363 46 367
606 v 355 200 306% 365 335 265 445
7 U 2365 36%  3/% 3435 3ac 6% 0
I ¢o35h 0 265 385 385 345 6% 0
{4 U 5L 365 265 el 3ac J8H 365
75 G330 3€% 385 384 355 14t 365
16 ©365 365 365 2463 1345 58 365
7e U i 0 3653 { b U 0
79 U 3565 396% 365 365 3485 263 365
24 v 365 365 U 385 355 165 365
81 G 365 345 U 385 3¢5 5865 365
82 G 365 3465 ¢ 38L 3585 365 365

101 345 365 3065 U 32 305 383 365
103 g 365 il ¢ J i) U 0
104 363 365 " U 0 { U 0
167 U 355 G 5 2 & 0 0
108 U 30% . U 2A% 255 365 0
119 U 265 T f ¢ 4] U G
126 363 365 3350 305 255 355 365 365
28 L 385 { i U J U ¢
137 363 U D 9] ) 0 U ¢
133 U 365 " U 0 0 U 0
135 345 ] i i G o 0 0
151 355 369 3% 345 355 3950 365 165
152 v 36L 300 0 2= 305 389 U
155 26D 345 G U U J U U
1e2 v 36S U G 4 ¢ 2 0
164 N TS 7 7 o R . G
1565 305 6% Uoo36s 348 554 0
168 3¢ 305 U U ¢ { 0
17¢ G 3550 54% 0 365 3405 5 6T 365
177 305 Sul L 35% 3e3 S650 G
178 G5l L 359 N} O 0]
182 ¢ 3= oo 36% 3F 300 0
201 LS . 36.C G 3a5 S8 365
202 353 ¥ { 8 U ) 0
206 365 - 365 G U 0 J G
227 U v 355 U G 5 v 0
200 U 365 3065 J 363 355 26 325
252 26 38T 3G, U IS 23 0> 3285
254 3605 L g € Y J 3 U
55 360 y v i 7] J v 0
257 { o 389 { 0 J v G
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Table XIII. Continued

Station _ Variables

8 12 15 18 21 23 29

w
ju—

21A 36 365 343 U Fr 3.5 583 365
277 365 v O U U { J Y
2TH 365 365 G 0 ¢ J ¢ 0
281 S 385 G 0 32n 356%  cao 0
306 352 505 - 365 U 385 23S 65 363
326 3655 U i " ¢ 0 8] 0
327 355 J G U U 0 0 0
3ze U 365 G G U 0 0 0
23 Jus 365 0 Q 0 0 0 0
233 365 365 365 U U 0 t 355
304 353 355 365 U 345 365 365 365
335 334 355 365 ¢ 353 0 0 3é5
351 36% G 3 U y 0 G 0
25z 305 345 G v 0 0 J O
353 365 U ] U ] n 0] 0
376 191] 151 15 g 151 sl 151 151
379 £14 FlGe F14 U 21a 214 P14 214
407 U 385 ¥ U 3&5 3¢5 ey 0
44, U 55 365 U JEL 345 Lg% 0
407 v 365 369 U 365 34T 5695 0
L8 L 385 5 ¢ i 4] y 0
424 363 365 365 PO3eS 365 365 365
4730 Jus 365 365 ¢ 2&es5 355 364 3675
451 363 365 309 U 3% 345 565 365
521 365 J U d U 0 J 0
531 3ds G J U U 0 ¢ 0
534 345 369 y U 363 345 465 365
537 3¢ RIGS) G G G 0 2 0
t12a 3" 363 36% Vo35 365 165 365
541 6L 36T 36 % Fon 3e% 0 545 365
Ba 300 G0 S0 L ! ] 2 365
557 360 365 5645 G 33 G6% 0 365
5564 365 265 305 U &5 565 365
56 33% 365 3In. { 355 385 365
6721 365 385 3575 ) Joh 305 365
751 3¢é4 U G 0 it J 0
75z 30l U W U 0 o 0
753 S5 ” % Y 0 3 0
781 BYRES 405 J U fi U 0
32 W U U U U 0
831 355 CSA0 0 268 568 3e5
Oh v { T 345 25y 0
871 iy ¢ 26T 3aY 0 ia7 0
872 U ¢ € v Y 0
872 36% Y385 35y 43 3585
88 I J 3495 3345 5 365

T e T T T I e =




Table XIV. Data on CARB71, Number of Days with Data
per Station per Variable

Station

Variables

18

21

[zS]
(98]

17
163
104
137
10a
114
126
125
132
13¢
137
133
139
144
151
1572
159
164
165
164
163
1679
171
176
177
175

o
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201
chz

2073
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Table XIV. Continued

Station Variables

8 12 15 18 21 23

™~
O
o
-

33] S 141 G U 0 0 U 0
334 355 a6l 362 ¢ 359 565 E85 0 34%
335 6T 3850 305 0 343 355 365 345
13 353 30n 0 485 L ] J g 365
350 0 365 G U \ 0 U 0
354 125 214 214 Uoodid 214 Zla 214
37¢ o> 35 305 L 365 355 355 345
Hn2 0 305 3155 B 3635 3565 téo 0
407 ¢ 229  1ET voo2hY 239 A3y 0
4GE U 1do  i06 v 106 lué 106 0
G0 ¢ U 2 v 21 31 31 0
426, g 3s5 4 9 U ) S 0
429 J62 365 34 1424 3455 365 A65 363
4737 3G 3UE 0 305 0 30% 3635 365 365
47 U u i o1 v 0 U 0
43 u 153 U 0 U 0
4730 363 G365 38650 365 2365
500 " J ¢ 0 U 0
H21 Jen ] O 0 G 0
531 365 U ¢ g 0 0
5736 3435 365 3A5 365 365
537 355 0 ¢ 0 G 0
538 365 365 3565 365 0
543 365 ;365 305 365 365
544 245 U 0 0 365
Gz 365 U 3AHB 0 345 165 365
557 363 U 365  38% 365 365
561 214 365 345 3865 365
621 35, U 35% 0 3n% 353 365
5> 273 U 0 g U 0
752 275 ¥ ¢ ¢ U 0
754 213 U 0 - ¥ 0
731 352 U ¢ a i 0
Sz { U 2 0 U 0
2731 3635 U365 3650 365 365
faly 363 ¢ 358 U u 0
87> RECE U { U U U
877 TEE U A6 355 16 365
251 124 U120 123 123 120
gaz %) G 245 2ag 4o P45
89, 124 1 Iv4 ls4 124 153




Table XV. Data on CARB72, Number of Days with Data
per Station per Variable

Station Variables

8 12 15 18 21 23 29 31
101 336 366 366 306 366 366 364 366
103 0 366 G 0 0 0 9 0
104 366 366 184 245 346 346 366 184
108 0 244 ¢ 0 244 244 Z44 0
110 G 366 0 0 0 0 0} 0
114 0 366 0] 0 0 0 0 0
115 0 245 0 0 0 0 4] 0
120 31 31 31 31 31 31 31 31
121 U 31 31 Q 31 31 31 0
126 244 244 244 214 244 244 244 244
133 0 365 ¢ 4] 0 G 0 0
137 0 365 92 U 3A5 365 366 0
139 366 366 3606 214 366 366 366 366
140 ¢ 366 182 153 366 356 366 244
147 153 184 184 G 184 184 184 184
143 0 G 122 0 ¢ 0 ] 0
144 lze 122 122 92 122 122 122 122
145 0 0 92 0 ¢ 0 0 0
146 0 61 0 G 61 61 61 0
151 336 366 366 366 366 366 366 366
152 6 3466 335 0 243 243 243 0
155 244 152 0 0 ¢ 0 0 t]
1565 365 356 366 0 366 366 366 G
166 335 G G ] 0 0 0 0
158 366 3066 0 0 0 0 0 0
169 304 G -0 Y] 0 0 1] 0
170 0 335 0 0 0 0] ] 0
171 335 0 G 0 ¢ 0 O ¢]
172 G 60 0 0 0 0 U 0
176 365 366 366 365 366 366 366 366
177 366 366 3656 366 366 366 366 0
178 0 31 31 31 31 31 31 0
184 ¢ 366 366 3656 366 366 365 0
135 31 56 366 366 356 366 366 0
201 & 91 0 G 0 0 0 0
202 335 0 ¥ 0 0 0 0 0
203 366 386 366 0 366 366 366 366
208 ¢ 153 G 0 0 0 0 0
226 365 G 0 0 0 0 G 0
228 G 386 366 0 366 366 366 366
229 3656 3686 366 6] 0 0 U 0
230 365 366 306 0 1] 0 0 Y
252 365 366 366 0 366 366 366 366
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Table XV. Continued

Station Variables

8 12 15 18 21 23 29 31

255 366 0 0 0 0 0 0 0
257 0 0 31 0 0 0 0 0
217 366 0 0 0 0 0 0 G
278 366 366 0 0 0 0 0 0
281 0 152 152 0 152 152 152 352
282 366 366 366 0 366 366 366 368
303 366 366 366 0 366 366 366 306
328 6l 366 0 0 0 0 0 0
334 366 366 306 0 366 366 366 366
335 366 366 366 0 366 0 0 366
336 366 366 366 0 0 0 0 366
352 0 366 0 0 0 0 0 0
354 366 366 366 0 366 366 366 60
355 306 335 335 0 335 335 335 335
379 244 244 244 0 244 244 244 244
380 335 335 0 0 0 0 0 0
381 335 335 0 0 0 0 Y 0
382 153 153 153 0 153 153 153 353
402 0 336 366 0 366 366 366 0
408 U 366 366 0 366 366 366 366
409 0 0 0 0 366 366 366 0
411 G 153 0 6 ¢ 0 0 0
426 0 366 0 0 0 0 0 0
428 60 60 60 64U 60 60 60 60
4390 366 366 3606 364 366 366 366 366
431 0 0 0 360 0 0 0 0
437 0 0 .0 366 0 0 0 0
433 306 306 306 306 275 275 275 306
434 0 0 0 245 0 0 0 0
435 0 0 0 184 0 0 0 0
436 92 9e 92 31 0 0 0 0
451 366 366 366 0 366 366 366 366
503 245 366 0 0 265 245 245 0
521 365 0 0 0 v 0 0 0
531 335 0 0 0 0 0 G 0
536 366 366 0 L 366 366 366 366
537 : 366 366 0 0 0 0 v 0
538 366 366 3656 0 365 366 366 0
541 365 366 366 0 366 366 366 366
S4y 60 60 60 0 0 0 0 60
545 275 275 275 0 0 0 G 275
553 366 366 366 U 366 366 366 366
557 366 366 366 0 366 356 366 366
561 366 366 366 0 366 366 366 366




120

Table XV. Continued

Station Variables

8 12 15 18 21 23 29 31

621 366 366 366 ¢ 366 366 366 366
703 ¢ 153 0 0 0 0 0 0
781 213 6 213 6 0 o 0 0
782 0 213 0 0 0 0 0 0
783 306 306 306 U 275 275 275 306
831 365 366 366 0 356 35C 3656 366
841 365 366 0 0 356 0 0 0
847 275 0 0 0 0 0 o 0
843 153 184 122 0 184 184 184 184
872 213 213 0 ¢ 0 0 0 0
873 182 182 182 0 182 182 182 182
874 306 306 275 0 275 275 275 275
875 306 306 0 ¢ ¢ 0 0 0
882 182 213 213 0 213 213 =213 213
883 306 306 0 C 0 0 0 0
884 1S3 153 153 0 153 183 153 153
891 3656 366 0 0 366

366 3656 366




Table XVI. Data on CARB73, Number of Days with Data
per Station per Variable

Station Variables
12 15 18 21 23 29 31 36
1 365 365 365 365 365 365 365 0
60 365 365 365 365 365 365 365 0
69 365 365 365 365 365 365 365 0
71 365 365 365 365 365 365 0 0
12 365 365 365 365 365 365 0 0
74 365 365 365 365 365 365 365 0
75 365 365 365 365 365 365 365 0
76 365 365 365 365 365 365 365 0
78 0 0 304 0 0 0 0 0
80 365 365 365 365 265 355 365 0
81 365 365 365 165 365 365 365 0
87 365 365 0 365 365 365 365 0
83 365 365 365 365 365 365 365 0
84 92 92 92 92 92 92 0 0
103 365 0 0 0 0 0 U 0
104 365 334 365 365 365 365 365 0
114 365 0 0 1] 4] 0 0 0
115 365 0 0 ] 0 0 0 0
120 365 365 365 265 365 365 365 0
121 365 365 0 365 337 337 214 0
133 0 0 0 0 f] 0 0 120
137 365 365 0 365 2365 365 0 0
139 365 365 365 1365 365 365 365 0
140 365 365 G 365 1365 3¢S 365 0
14} 0 0 O 0 ] 0 0 365
lap 59 59 0 59 59 59 59 0
143 ¢ 151 0 v 0 0 0 0
144 365 365 365 365 365 365 365 0
145 0 151 0 0 0 0 0 0
146 365 275 0 365 365 355 275 0
148 183 G 0 0 0 0 0 0
149 0 G 0 0 0 0 0 245
150 0 0 0 Q0 0 0 b 245
153 365 365 365 2365 365 365 365 184
155 0 92 0 92 92 92 0 92
165 31 365 6 365 36% 365 0 365
168 36% 92 0 o2 92 92 0 92
170 89 0 0 0 0 0 0 31
173 0 365 0 365 365 365 0 365
174 0 334 0 334 334 334 -0 334
175 306 306 0 306 306 306 306 0
176 365 549 396 488 457 457 36% 214
177 365 365 365 365 365 365 0 92
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Table XVI, Continued

Station Variables
12 15 18 21 23 29 31 36
181 0 ¢ ) 0 0 0 it 30
185 365 365 365 365 365 365 0 0
186 365 365 214 365 385 365 G 0
-188 0 0 0 0 0 0 ¢ 153
203 365 365 0 265 365 365 365 0
208 31 0 G 0 O 0 { 0
228 365 365 ¢ 365 365 365 365 0
229 334 334 303 0 0 0 0 0
230 334 334 G ¢ ¢ 0 0 0
25e 365 365 0 2363 365 365 365 0
278 365 0 0 0 0 0 0 4]
282 365 365 0 365 365 365 365 273
303 365 365 G 365 365 365 3265 0
328 365 0 g 0 0 ] 0 0
334 365 365 T 365 3265 365 3265 0
335 365 365 0 365 0 0 365 0
336 365 365 9 0 0 g 365 0
337 122 ¢ 0 ¢ 0 0 G 0
352 365 0 0 0 0 0 O 0
354 31 0 0 31 31 31 0 0
355 365 365 0 36% 365 365 365 0
358 306 U G 0 0 0 O 0
380 363 0 0 0 0 0 0 0
387 365 O v 0 0 0 0 0
382 365 365 6 365 365 365 365 0
384 122 122 G 122 82 92 0 0
401 O G 0 0 0 0 0 90
407 212 18} ¢ 243 243 243 0 334
404 G 0 G G 0 0 0 365
408 365 334 306 365 365 365 365 306
409 0 0 { 2365 385 365 5 153
412 0 0 G 153 0 0 183 306
413 0 0 0 0 Q 0 g 151
414 0 61 0 0 0 a 60 275
415 0 O 0 it 0 0 G 265
426 365 U 0 0 0 0 0 0
430 365 365 365 365 365 365 365 0
431 0 0 365 0 0 0 0 0
437 G ¢ 365 ¢ 0 0 0 0
433 365 365 365 365 61 61 365 0
434 0 ¢ 365 U 0 0 0 0
435 v G 31 ¢ 0 G 0 0
436 385 365 365 334 0 0 0 0
451 365 365 0 365 365 365 365 0
503 3635 0 0 365 365 365 0 0
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Table XVI. Continued
Station Variables

12 15 18 21 23 29 31 36
536 365 31 0 365 365 365 365 0
537 365 0 0 0 0 0 0 0
538 365 365 0 365 365 365 0 0
539 334 0 0 0 0 0 0 0
541 365 365 0 365 365 365 365 0
545 365 365 0 0 0 0 365 0
553 365 365 0 365 365 365 365 0
557 365 365 0 365 365 365 365 0
561 365 365 0 365 1355 365 365 0
62)] 365 365 0 365 365 365 365 0
703 31 0 0 0 0 0 0 0
783 365 365 G 365 365 365 365 0
821 245 92 0 245 245 245 245 0
831 365 365 0 365 365 365 365 0
841 363 0 0 365 0 0 0 0
843 120 120 0 120 120 120 59 0
874 365 365 31 365 365 365 365 0
875 365 0 0 0 0 0 0 0
876 ¢ 0 334 0 0 0 0 0
883 365 0 0 0 0 0 0 0
884 365 365 0 365 365 365 365 0
891 365 214 0 365 365 0

- 365

365
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Table XXIII. Data on WINDONE
Number Number
Of Of
Year Station Days Year Station Days
b} 0 ' 0 1958 9 3695
1959 - RN S o __. 3a .- . 1959 ... .9 . 365
1956 1 3358 1960 9 3gg
B 655 A S . 315 Lo Ase&r 9. 3os
1955 2 39 1962 9 355
21956 — — 2 364 1963 9 169
1957 2 365 1964 9 366
21358 2 . 357 L1869 L. 9 3695
1999 ? 3155 1966 9 354
19240 . 2. 350 ser o L. 9 342
1961 2 364 19619 9 356
_19A2 . L. 2 358 1949 9 251
18451 2 365 1971 9 249
S 1964 - 2 365 L1955 10 61
1955 2 358 1994 i0 3157
1964, R 2 365 1957 .. .. 10 369
1967 ? 364 19548 19 365
1944 . .2 365 1959 . . 10 362
1969 2 354 19569 10 195
_1970_ e 2 359 _ _1964. 0 L 12 278 -
1971 2 363 1967 12 365
1335 o 4 30 JA968 .. .12 366
1954 q 287 1969 12 324
_iss57 3 . .._.36Y___ . _.._1%70 .12 3648 .
19548 g 365 1955 13 153
_1959 ___ e . A& . 364 1854 __13 366 -
1960 [ 366 1957 13 36%
1968 i 4. . 81 . 1384 i3 35% S
1955 9 30 1959 13 3165
D UL L. . T - . ..3s8a . ._ .. 19880 . ___ .13 366 —
1957 5 365 1961 13 365
958 L ... ..5. e 23685 N 7V A B SRR 365 . .. _
1959 5 385 1961 13 365
_k9e0 .5, . 366 . . ~ 1944 13, _366 -
1941 5 365 1965 13 365
_1942 - S e 365 1988 33 365 .
1941 5 3165 1967 13 365
- 1944 - S8 — 38% 19458 -3 366 -
1965 S 365 1969 13 365
_ 1988 .5 . 383 1970 .13 365
1587 5 365 1971 13 365
19648 .5 _ . 356 1972 13 1592
1969 S 365 1955 13 28
1979 _ 5 351 1984 - 1a 260
1955 6 30 1957 1a 3672
175§ - 6 354 1958 14 357
197 6 358 1959 14 360
_ 193517 6 o 385 _._ 1960 la 2341 ——
1959 [ 88 1961 18 351
_1955 = __ _. T 122 1962 1a N S 361 —
19548 7 31 19613 14 365
1955 N 30 o._...-1384 14 - 1. 1. SO
95% - ~1965 12 365
1927 2 i?,g__ 1946 _.114 __ 363
1954 9 310 1967 ig 360
1957 9 365 — —_—




Table XXIII, Continued
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Number Number
Year Station of Days Year Station of Days
1964 13 366 1965 22 365
1949 13 323 1964 22 171
1971 14 349 ——__ 1987 22 36% -
1955 17 30 19649 22 356
_195% 17 66 19469 —— 22 .__.. ._385_ ..._
1957 17 365 1970 22 359
A955 . V8 .. . ___. .3 .______ - 1955 . __ 23 _ 30
1954 18 366 1954 : 23 366
1957 18 364 1957 23 351
1958 18 33t 1958 23 267
_19s9._ 18, 76 . _i95 .23 . 224 . -
1955 19 30 1955 24 23
1954 19 380 1955 28 337
1957 19 349 1957 24 286
1954 e 3% . . —1958 . 24 354 —
1956 19 350 1959 24 357
_1960_ U L R 1-1 N e 3960 24 357 _
1955 20 in 1961 24 333
954 20 ._...365 e 1962 .24 365
1957 ‘ 20 365 1963 24 361 ’
1953 RO . 385 S & Y S 24 363 —_
1959 20 3165 1945 24 3165
A%e0 200 ... ... _30% ___ RIS §-1.Y. B 24 102 ___
1961 20 61 1655 25 153
1968 200 . 366 _ N §-. Y. S 25 3166 .
1965 20 365 1957 25 385
1966 20 e 365 e __195R 25 365 _
1967 20 365 1959 25 365
1954 S S Y. S ——1960 .25 366 ___
1949 20 364 19614 25 365
1970 20 363 _ 3862 28 363 ___
1971 20 - 58 1963 25 365
1955 21 30 1984 25 366
1955 21 352 -+ 1965 25 350
1957 21 365 1964 .25 _363 ____
1958 21 365 1967 25 3162
1959 2l 365 1968 .25 _364 .
19690 21 366 1960 25 365
1951 24 365 1970 25 ... A59
1962 21 365 1971 25 353
1963 .21 365 - 3855 _2& .. ... 30 _
1964 21 366 1954 26 3656
1945 21 365 1957 26 - 365 _
1968 21 365 1958 26 364
1967 21 365 1959 24 1Y
1948 21 366 1960 26 353
1949 21 _ 145 1961 . __2&. 365
1970 21 365 1962 26 362
197t 21 —--385. 1983 24 JA6S —
1972 21 152 1968 26 365
1955 22 -3 1955 26 356
1956 22 366 1966 26 359
~A857 22 . .____.365. .. 19412 e 26 74 —
1953 22 358 ‘ 1955 27 30
. - 1959 22 361 . _ . X958 27 366 __
1960 22 . 366 L1957 27 351
1961 22 165 1958 27 _....358.
1962 22 358 1959 27 365
1963 22 347 1960 27 366 . —_
1964 22 364 1961 27 355

!
i
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Table XXIII. Continued
Number Number
Year Station of Days Year Station of Days
1962 X AT L3685 ... 1963 37 365
1561 27 365 1564 37 366
_12an 22 3864 19465 17 L3685 -
1965 27 365 1956 7 365
1984 _27 3ag 19a7 37 e 2362
1967 27 365 1969 37 265
_19&8 27 __. 366 1989 37 188
19469 27 351 1950 39 365
1970 27 355 1951 19 365 .
1355 28 101 1952 39 366
184 oo 28 i3S9 1983 370 o kY3 —
1957 28 183 1953 39 ) 355
1698 28 . 353 1955 39 365 P
1959 28 163 1954 39 366
1955 29 LISV 1957 .39 355 _—
1954 29 256 19518 39 365
198 29 - 2334 195¢ —— .39 349 —
19518 29 361 19460 39 365
1989 o 29 e 382 X8R 39 365 ..
1960 29 104 1962 39 365
1961 29 __ 122 . Y983 39 345
1955 30 21 1764 g 182
1986 . ... _.. 30. R £ 2 S O B S R 5 | 153 .
1955 31 30 1956 41 366
_19sé L . 3t .. 345 . 1857 . . 41 365
1957 31 365 1953 41 3¢5
1958 3L el 90 ._19979 .41 165 ——
1959 . 32 30 1961 41 366
_198s8 .32 . .. 366 298 4l 365 .
1957 32 337 19672 4.1 365
_19518 32 . ... 319.__. 1963 S § 345 —
1959 32 <85 1964 41 366
1955 3a_ . 30 19489 S S 3635 —
1954 33 366 L1986 41 365
_ASS7 o 3A . _ 335_._.. 1567 41 355 .
1958 kL 267 1948 41 365
1959 .34 3465 1989 JE: 5 U _365%
19606 3a 364 1970 41 365
1961 3a 3865 1971 a1 . 365
1962 34 365 15772 41 152
19613 A4 ... 358 __ . __._.A955 43 __ .. __ _l9a
19&8 3 365 1954 43 335
19465 k¥ 385 1957 43 — 349
19686 34 365 1954 43 361
1967 34 365 1959 43 385 ___
1968 34 366 19460 43 366
_1949 38 o 365 . 1941 __ 43 .363 -
1970 3g 361 194672 43 3461
198 ... .. AS . . __ . ... 3. ... .. .A983 A3 3565
1954 35 155 1964 43 366
19255 18 — .21 194S A3 .9 .
1954 35 115 1955 44 23
4958 . ... ... 37 30. —i95A . . 44 351
1954 37 366 1957 44 365
_19s87 37.. o 345 L. 1958, ___ 44 .350 .
1958 37 365 1953 44 364 :
1959 37 260 1969 33 . 96 _
1940 37 366 1955 45 136
1961 37 345 1956 8 . _382 0 - —
1962 37 365 1957 45 364
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Table XXIII. Continued
Number Number
Year Station of Days Year Station of Days
19519 K5 365 1959 56 e 365
1959 45 352 1980 56 245
1940 35 69 1961 564 308
1955 36 29 1958 S9 30
—1957 a6...._ st . 1354 59 . 318
1958 46 357 1957 59 354
-85 46 36a. 1953 59 _ e 310
1960 36 asy 1959 59 81
1961 46 336 1955 L9 135
1962 46 365 19564 60 346
1263 —_ 46 . — 3865 . __ . 1982 .. 60__ - 336
1944 46 344 1958 60 357
1955 47 . 153 1859 60 ___ 365
1954 47 361 1960 60 340
1957 47 361 _ 1961 60 _ 344
1955 .47 364 1962 50 67
1959 47 365 1955 61 __ - 30,
1960 47 366 1954 61 365
1961 37 360 o 1957 -3 365,
1962 a7 101 19548 81 365
1955 88 __. 153 1959 61__ 364
1956 48 307 1960 . 61 308
1957 . .83 _ e DB 186 et 308
1954 48 363 1962 61 365
1958 48 _ 365 1883 g1 365
1960 48 102 1964 61 366
1955 49, - A3 1965 61 365
1954 39 kYY) 1966 61 365
SA8ST_ 49 L3613, 1962 6t 36%
1958 49 365 1968 61 365
1959 _h9 __..245 1969 — 81 365
1961 49 " 140 1979 61 365
1962 49 354 1921 61 365
1963 19 362 1972 61 152
1964 49 . 366 1955 63___ . _._. 30
1965 59 298 1956 63 159
1955 5.0 . 30 1957 63 .. - 358
1954 50 352 1958 63 358
1957 50 340 1959 53___ 365 .
1858 50 355 1960 63 366
1959 50 358 1948 63 - 58 _
19560 50 179 1962 63 365
1955 82 30 1963 63 __ . 365,
1954 52 366 1964 63 359
1957 52 364 1945 63 365
1958 52 365 1966 63 351
1959 82 _ 364 1942 43 e 3645
1960 52 359 1968 63 359
_1961 ——— 52 - 365_ _ ___ e 1969 83 351
1962 52 365 1970 63 358
1963 _ 82 10 ___  _ _1a3se 64 30
1955 55 122 1954 64 365
LY. .95 —~ 303 . -1952 ... 6a. 363
1957 55 360 1958 64 365
%58 &% 365 .. _ . ~1989 a4 364
1959 55 166 1960 oo 64 305
1955 56 30 1955 65 2B
1954 58 359 1954 65 336
1957 S6 51 1957 65—, — 290
1958 56 358 1960 65 242

T e S T D T T T R T T




Table XXI1IO. Continued

134

Number Numbecr
Year Station of Days Year Station of Days
1961 . 65 383 B . R - N
1947 65 338 1965 67 365
1943 — 65. . 280 1965 .. 57 - 2365
1963 65 60 1967 67 365
1967 B8 o223 1968 57 . _..363
1968 65 366 1969 67 365
1689 L. L . 85 357 B 7 4 VN 67 363 __
1970 65 3564 1971 67 362
19588 BB o 28 . . _ 1954 68 298.._
1356 &6 364 1957 68 254
1957 86 e o 38 .o A958. 68 259
1958 66 365 1959 68 256
_1959 . : 66 362 221969 68 254 _.
1560 66 366 1961 68 175
1881 66 - oa.....363 0 L. ..1954 .69 354 ..
1962 66 363 1957 69 354
_1963 .. .. . b8 364 1958 69 361 _
1964 66 362 1359 69 15a
196%. o Bb . .. ..389 _. . 1955 _. . I0 132 _
1964 66 345 1956 70 173
1947 68 _ ... L300 1958 __. 71 365 __
1968 66 360 1959 71 281
1967 ... ... B6&. 354 1560 71 365 __
1970 66 357 1961 71 365
_1954& 67 . ... . 364 . 1962 . ___ 71 323 .
1957 67 364 19613 71 365
1958 67 365 o LoAF84 71 o363
1958 67 364 1965 71 364
1959 &7, e 368 1988 71 365 —
_1962 &7 399 . 19868 L 71 366 . —
1963 &7 365
1964 587 387 e e e -

v




Table XXIV. Data on WINDTWO
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Number Number
of of
Year Station Days Year Station Days
0 0 (] 1957 81 362
_1949 Iy, .2y e 318958 81 360
1970 7 365 1959 81 365
_1962_ 12 R — - S €YY I —...a1 -.356
1961 ‘ 74 312 1961 81 359
1862 . 74 305 ~1967 _— 81 369
1954 75 ie2 1961 81 365
195 15 . - 350 N 1964 — 81 365
1954 75 364 1965 81 365
1959 S 4. _ .. 285, .. 1944 81 365
1960 75 364 1967 81 365
1961 IS . . 285 968 81 1466
1947 75 308 1963 81 365
2963 . 5 364 1970 _ 81 369
1968 75 66 1956 42 26
1965____ - 75 365 1957 82 341
1964 75 365 1958 82 355
1967 . 15 365 1959 82 363
19649 75 366 1960 82 14a
1969 Y 4. _ 345 ~ 1956 83 12
1970 75 365 1957 83 361
1971 .. 75 R 365 - .. 19538 —— 83 365
1972 75 152 1959 83 365
1954 16 365 —— e 1969 — .83 56
1957 76 365 1961 83 362
1958 e 16 . __ ... 151 - - 1987 ———e .. 83 . 365
1955 &4 28 19613 83 365 -
1956 Y & SR —— 36Y 1944 _.. 83 358
1957 &4 365 1965 83 365
_19548 7 o 365 e 19066 .83 265
1959 T7 365 1957 84 362
1940 7. 366 .. 4958 8a._..._ 2357 .
1961 77 81 1959 84 3161
855 718 .. . __ A0 .. .. _1940 a4, 182
1954 78 : 150 1954 8s "8
1954 &' N ¥ & W 1957 .._.85. ..323..
1957 79 353 19518 8s 365
X958 79 . .. 360 e 959 .. 8s 364 .
1659 79 365 1960 85 169
_19s80 . 79 180 1987 . 86 284
1955 80 27 19518 86 365
1957 . .. ... 80 _ - 365 .. --. 1988 __ . He 365 .
1958 80 351 1960 36 3g?
1959 80 344 T 1981 85 360
1960 80 270 1967 86 361
19¢t . 80 188 1983 __ 86 365
1967 80 Y Y 1964 b6 36%
1963 80 . 365 . 1945 . 86, .. 368
1964 80 366 19664 86 365
_1%6s . .80 _ e ASS . N . SN 8& 365
1966 80 156 1968 8% 366
1967 80 _ 351 . 1989 B6__ 365 _
19648 80 358 ot 1970 86 365
1969 aq 337 .. ~197y. . Bs 367
184

1970 . 80 st 1957 87
_1954 81 14._ R -

=TT

B == e
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Table XXIV. Continued
Number Number
Year Station of Days Year Station of Days
_1957 88 o385 197 95 . . .3s8a
1959 a8 40 1963 95 366
1953 a9 385 1949 95 —— 365
1959 89 365 1970 95 35S
1980 89 . . _ 366 e 1960 Q7. .. 275
1961 89 365 1961 97 351
1982 e 89 365 . 1962 g7 162
19613 89 365 1963 97 61
1984 B9 __._._ 366 . . L1964 _ 97 368
1365 89 365 1965 97 365
_A0&& O BS_..... ._.___. . 3865 . ———————— Y98 E& L 97 340
1967 89 3165 1967 97 365
_1952 89 ... 366 e~ 1988 ... ... 97 366
1969 89 365 - 1949 97 365
1970 A9 365 . 1970 . 9T 365
1971 a9 365 1971 97 365
_A872 ... B9 e X820 1960 98 335
1957 30 76 1961 98 365
858 %0 . ... 363 . ... . 1942 . 98 365
1959 90 365 1963 98 365
1940 90 — 366 1968 98 .. 386
1961 0 365 1965 98 365
_A%62 . 90 . 365 . .. 1965 . 98 365
1963 90 361 1987 98 318
1968 _— 99 138 R 7% IS 98 366
19519 91 286 1969 98 365
%89 91._ 336 ~_d8ra__ . _. 98. 365
1960 51 358 1971 : 98’ 365
196 .91 357 380 . 99 153
1962 91 351 1951 99 364
A8s83 9L e 3OS 1942 " 99 350
1962 91 359 1961 99 327
_1965 91 _ 3484 1964 99 __ 365
1965 91 363 _ 1965 _ 99 365
_1%6r 9 e 303 1F6A. 99 365
1953 91 280 1947 99 361
1959 91 o362 L4968 . 99 364
1970 91 364 1969 99 357
_ 1558 $4 T3 1970 99_ 362
1559 94 364 1962 100 279
1960 84 365 1963 100 . 360
1961 548 363 1944 100 365
_1987 — %8 365 ... 1965 100 365
19471 93 365 1966 100 365
_19a4_ -84 .. __335._. 1987 100 .. 361
1565 93 355 1968 100 362
1988 o 9B ..365 —————— 1969 100 . 363
1947 94 304 1970 100 T 365
_1968 _ . 94 L. 313 A7y . __.100Q. 364
1959 $3 338 1952 101 69
1970 . —— 9 353 ol 19813 101 362
1971 93 350 1964 101 366
_195% _ ... 95 308 1965 .— 101 348
1940 95 368 1966 101 365
_1961_ ——— 95 . 361 B . ¥ A K15 | 365
1967 95 362 1968 101 3so
19513 95 349 1949 10y .~ . ___364
19468 95 365 1979 101 365
1945 95 365 1942 102 ... sS4
1966 95 365 1963 102

362
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Table XXIV. Continued

Number Number
Year Station of Days Year Station of Days
1964 102 363 . — — -
1945 ' 102 363 1964 109 364
_ 19864 102 a545 1967 109 .. e - 365
1967 102 365 1968 109 366
_1947 102 . A6 1969 109 —— . 365
13969 102 365 19790 109 365
12129 102 .. _336.__. .—1959 S110 . 198.
19413 103 257 1960 110 347
1968 103 o 36) 1860 .. 110 360
1945 103 362 1962 110 365
1965 __ 103 _ - A5 _1963 110 3164
1967 103 367 1962 110 353
1968 103 .. 297 0 15 T .1l10 365
1969 133 363 19646 110 364
1570 103 . 265 . ... 1967 {10 365
1953 104 35 1968 110 362
1988 e . -104 366 1969 110 354
1965 104 363 1670 110 83
LA986 0 L 104 . 365 1965 111 80
1967 104 365 1964 111 354
1968 - ..104. 366 1967 . 111 365
1969 108 368 1968 111 354
L1970 L 104 365 19569 111 362
1964 108 253 1970 111 345
_19s85 105 362 1969 112 2
1966 105 352 1965 112 282
1957 ... 105 243 1967 . 112 349
1965 106 358 1968 112 365
1984 . .106 365 1969 ___ __ . 112 351
1967 108 3485 1979 112 382
1968 106 . .. _ 366 , 97 - .. 112 364
1969 ’ 106 369 19645 113 29
sz 106. .. 365 o A9%67 113 © 365
19565 107 233 1964 113 361
3984 .. 1907 . . 365 1969 0 __ 113 361
1967 107 362 1970 113 363
A%48_ __ ___107. ... 366 S 1989 . 114 156
1969 107 3865 1970 11a 365
8zn 107 . — . 365 1969 __ 115 100
1951 198 1 1970 115 358
_A965 . 108 .. . ._.. 232 ) 1979 . 2116 i 202
1958 108 365 1971 118 355
_ASsr . _g08... . 365 . A9ro_ o117 182
1963 108 366 1971 117 361
1969 . ___108._. . _ ... 352 I 1970 119 212
1979 108 362

1965 109, ... ...204 .. ..




Table XXV. Data on WIND THREE
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Number Number
Year Station of Days Year Station of Days
0 0 0
_1971 .2 _ L3363 ... Y911 S T 181
1972 2 350 1972 71 363
1873 2 o ._._3%2 . __. 1971 T 359
1971 5 363 1971 75 365
1912 5 -_385... 1972 .15 366
1973 -5 344 1973 75 365
1971 ) — 12 3 321 _19gs .15 365
1977 12 368 1971 80 367
973 12 . e 349 _. %72 __...._ 80 2245
1971 13 36% 1971t 81 365
1972 13 e 366 o A®T2 . _81_... 364
1973 13 365 , 1973 81 363
_197a 13 e 365 0 4 86 362.
1271 13 36% 1572 86 366
%72 0 1a o363 . - A9rzy .. . .89 365
1973 14 351 1972 89 366
1971 _...20 _ S8 o _ 1973 .._ .89 364
1971 21 345 19735 89 120
1972 e 210 L3660 I 5 & U b 228
1973 21 365 19713 91 7
1972 -3 U 1-1. SN &2 & 94 _ 35Q_.
1971 27 362 1972 94 361
1972 22 3658 . A%r3_ . .._94 . _ 344
19713 22 352 ‘19772 95 3213
ery 25 L o _.-235S5 .. 1873 . 95 . ___ 301
1971 27 356 1971 97 3865
A9r2 2T .__. ...3%% .. .._.. 1972 97 .. 360
1973 27 359 1973 97 365
1974 27 69 — 1971 98 _. 36S.
1971 34 365 1972 98 365
1972 3g__ 365 . 1973 98 _ _ 288
1973 34 365 1971 99 173
_is7d -3 365 ___... 1977 99 361
19792 31 166 19713 99 362
19713 41 365.. 1971 100 __ 364
1974 a1 365 1972 100 365
18171 &1 365 . . 1973 100 349 .
19772 61 366 1971 101 335
1973 6y _ _365 —_ 1972 101 _ 361 .
1974 51 365 1973 101 350
1971 £3 _380  _._.. 13911 102 360
1577 63 308 1972 102 363
_As73_ . .. .. ...63 337 - dsrx 102 359
1971 65 181 1971 103 365
S92 65 - 31 1972 103 243
1971 66 132 19713 103 357
1972 56 357__. 1971 104 ... .. 365._
1971 67 363 1972 108 328
1972 67 0 326 _____ . ._.1913 104 . 242
1973 67 360 1971 106 36%




Table XXV. Continued

Number of

Year Station Days
1972 106 366
1973 106 228
1971 107 365
1972 107 366
1973 107 243
1971 108 365
1972 108 366
1973 108 167
1971 109 365
1972 109 366
1973 109 334
1971 111 205
1971 C112 364
1972 112 363
1973 112 227
1971 113 360
1972 113 366
19713 113 3720
1971 114 365
1972 114 366
1973 114 2413
1971 115 365
1972 115 367
197% 115 365
1971 116 355
1972 116 130
1971 117 361
1977 17 366
1973 117 334
1971 119 295
1972 119 347
1973 119 162
1971 120 139
1972 1290 364
1973 120 225
1972 121 341
1973 121 7
1972 122 221
1973 122 361
1972 126 33?2
1973 126 3582
19713 1248

360
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Table XXVI. Data on UPPERAIR

# Days

with
Year .Obs Obs
El Monte 10090 1972 251 502
1973 250 501
Los Angeles 10100 1972 366 732
1973 365 721
Vandenberg AFB 93214 1972 366 613
1973 365 127

"El Monte collects data on weekdays only.
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CHAPTER VI

SAMPLE PROGRAMS
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INTRODUCTION

Throughout this project a great number of programs have
been developed to access the data on the original tapes and to man-
ipulate these data. Some sample programs are presented here,
including one program to access each type of data tape and typical
programs which use the data. Unless otherwise noted, these pro-
grams are written in Algol to run on the UCSD Burroughs 6700.
Therefore they are not directly transferable to most other systems,
but are presented here to give some idea of how such programé

can be constructed,
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PROGRAM TO ACCESS LAAPCD POLLUTANT DATA TAPES

This program reads the original data in the format supplied
by the LAAPCD, finds the daily average and dail‘y hourly maximum
for each day, and saves these in two separate files, one for the
averages and one for the maxima. Fach run for a specific pollutant

will access as many stations as are indicated.
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BEGIN
FILE DSTU(XKING=DISK, MAXRECSILE=37S, BLOCKSIZE=750, TITLE=HALL/OX.") 3 1

FILE SAVESUM{KIND=DISKs MAXRTCSIZE=300s BLOCKSIZE=300,
ARCASIZZ=2y AREAS=10s FLEXIBLE=TRUE, PROTECTION=SAVE,
SECURITYTYPE=CLASSAs
TITLE="AVIRAGES/CO.") 3

FILE SAVEMAX(KIND=DISKs MAXRZCSIZE=300, BLOCKSIZE=300,
ARCAS1Zc=2, AREAS=10s FLEXIBLE=TRUE, PROTECTION=SAVE,
SECURITYTYPE=CLASS/ s
TITLE="MAXIMUM/COL")

FILE READER(KIND=RZIADER);
FILE PRINTER(KIND=PRINTER) MAXRECSIZE=22)3
FILE PUNCHER(KIND=PUNCH, MAXKECSIZE=14)}

ARRAY DATALO0:3751s DATAHRIL1:24Js SUMIO:3000], MAXL0:3000)s DUMMY[1:24];

LABEL FINISHs NEXTREC, ENTERLOGP, NODATA, NODAYy NEXTSTAs AVERAGE,
BEGINLOOPy IMITIALIZEs NEXTDAY:

POINTER PDATAy PDUM;

INTEGER STAs STATION, STAT, DAY, HRy MONTH, NOUAYS, MODAYS, ROwW, YEAR
YEARDAYs DAYOFWEEKs DAYS» K» POLLUTANTs POLy RECORUSS :
FIRSTTIMZs MAXIMUMs WEEK» HRSs YFARSY DIFF;

REAL AVG;

VALUE ARRAY HISSING(091y191’134i 6Ys 152, 32y 1309, 1674s 1734, 1248);

VALUE ARRAY PLACE(0, 1y 60, 69 T1s 724 745 759 765 79s 80y Bls 299599):

VALUE ARRAY ENO(0736557305731910961146151826521591+219232557,2992)

WHILE TRUE DO
BEGIN \
READI(DSTs 375y DATAL®)) [AVERAGE]; 2
PDATA:= POINTIR(DATA) + 13
IF PDATA EQL "015" THEN GO TO INITIALIZE:

END3 ‘ '

INITIALIZES 2

POLLUTANT:=15; ‘

FOR STA:=1 STEP 1 UNTIL 10 DO
BEGIN - : _
FIRSTTIME:=1; : ‘ 2
RECORDS:=13

NEXTREC:
PDATA:= POINTZR(DATA) + 13
POL:= INTEGER (PDATAs3) 3



17 POLLUTANT LSS POL THEN GO TO AVERAGES
PDATA:= PDATA + 33

STATION:= INTIG_R(PDATA$3)3

IF STATION NEO PLACELSTA) THEN G0 TGO AVERAGES
PDATAI=: PDATA + 43

YEAR:= INTEGLH(PDATAs4) S

POATAI= PDATA + &3

MONTH:= IRTEGLR(PDATA,2)3

ROoW:= ((MONTH-1) DIV 3);

PDATAI= PDATA + 2;

NODAYS:= INTEGLR{PDATA»2) 3

MODAYS =01

PDATA:= PDATE + 23

IF FIRSTITIME EQL 1 THEN
BEGIN
FIRSTTIME:=0;3
GO TO BEGINLOGP;
END
ELSE GO TO ENTERLOOP;

BEGINLOOP:
FOR YEARDAY:= MISSINGISTA) STEP 1 UNTIL 2922 DO
BEGIN
ENTERLQOP:
MGDAYS:= # + 13
IFf MODAYS GTR NODAYS THEN
S8EGIN
READ(DST s 375,DATAI#1) LAVERAGE ]S
RECORDS:= & + 13
GO TO NEXTRICS
END;

PDUMz= POINTER{(DUMMY) 3}
REPLACE PDUM BY PDATA FOR 725
PDATA:= PDATA + 723

READ (DUMMY[#1s <24I3>s FOR HK:=1 STEP 1 UNTIL 24 0D DATARRIHRI)J

AVGi=03

HR5:=03

MAXIMUM:=03

FOR HR:=1 STEP 1 UNTIL 24 DO
BEGIN
IF DATAHRIHR] LSS 0 THEN GO TO NODATA;
DATAHRISI:= {DATAHR(&) + DATAHRIS)) /23
If DATAHRIAR) GTR MAXIMUM TREN MAXIMUM:= DATAHRIHRI]S
AVG:= ® + DATAHRIAR]S
HRS:= & + 13

NODATA: EMDS

IF AVG EQL 0 OR HRS E£Qu 0 THEN GO TO NEXTDAY ELSE
BEGIN ’
MAXIYEARDAY 1 1= MAXIHMUMS
SUMIYEARDAY3I:= AVG/HRSS
EMDS

NEXTDAY: END;S SH%H% END OF YEAR LOOP
AVERAGE

IF STATION EQL PLACEISTA] THIN
BEGIN
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READ(DSTs 375, DATAL*))INEXTSTA)S

RECGRDS:= ¢ + 13
END3

WRITE(PRINTER, <"TOfAL RECORLS REAULw, 16>, RECORDS)3

FOR DAY:=1 STEP 300 UNTIL 2800 DO

BEGIN

WRITE (SAVESUMy <300F6.2> FOR K3= DAY STEP 1 UNTIL (DAY+299) DO

SUMIK)) 3

WRITE (SAVEMAXy <300F6.2>y FOR K= DAY STEP 1 UNTIL (DAY+299) UQ

MAX(K]) 3
END3
NEXTSTA: ENDS

FINISH:
END.

26H%Y

END OF STATION LOOP
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PROGRAM TO CALCULATE WEEKLY VARIATIONS

]

This program uses the average and maximum files created
by the previous program to calculate the mean value for each day of
the week with its standard deviation. It runs for any number of
years and for as many stations as specified, A separate run is

necessary for each pollutant.
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BEGIN
FILE PEADER(KIND=RLADER) 3 : , 1
FILE PRINTER(KIND=PRIMTER);

FILE OXDATA(XINO=DISKs MAXRECSIZE=300s BLOCKSIZE=300»
TITLE="AVIRAGES/NO.M) 3

ARRAY SUMEO:7)s SGUARESIO:7): STDEVIO:71, DATALQ:30001» SIGMALQ:101»
HRSLO: 73y AVGLO:T1S

ARPAY WEEKS2i0:7)y SUMDIFFSICtTI3

INTEGER DAYs YEARDAY, STAs Ds» Is MUMBERYEARS, COUNTER, WEEKSs Wi

INTEGER TRIALs DAYXs ENDSS

REAL DIFFs SUMDIFF, SAUARE; o

LABEL NEXTYEARL, NIXTYEARZ2, NOWEEKs NOTUESDAYS

VALUE ARRAY PLACE(0s 1s 603 G093 Tls 725 The 759 763 793 80):

VALUE ARRAY DAY§(O, 2557, 21925 18274 1462, 1095y 731, 366, 1)3

ET T T ¥ GET THZ DATA AND INITIAL PRINY STATEMENTS

FOR STA:=1 STEP 1 UNTIL 10 DO
BEGIN _
FOR DAY:=1 STEP 300 UNTIL 2800 DO ]
READ(OXDATA, <300F56.2>9F0R D:i=DAY STEP 1 UNTIL (DAY*+299) DO DATAID)):
WRITE(PRINTERISKIP 11)3
URITE(PRINTERs <X5Ss "STATIO"» 13>y PLACELSTAD);
WRITE (PRINTER /)3
WRITE (PRINTERs <X53s "NQ —~— AVIRAGES">);
WRITS(FPRINTERs /)3 ‘
WRITE (PRINTERs <X55, "ENTIRE YEARW>);
WRITE(PRINTERY <///>)3

LB R THIS PART CALCULATCS WEEKLND AND WEEKDAY AVERAGES
EEE R AND THZ STAMNDARD DFVIATION OF THE DIFFERENCE

WRITE (PRINTER, <X3s "YCARS"s X205 "WEEKENDS", X32, "WEEKDAYS'", X21,
MS2 OF DIFF", X10s “DIFF">)3

WRITE(PRINTERs/9) 3
WRITE(PRINTERs <X18s PAVERAGE'"™s X15, "STDEV'"s X13y "AVERAGE'"s X15,
NSTDEVY>) 3
WRITE(PRINTERy <//>)3
TS THE PROGRAM RUNS FOR ONE TO EIGHT YEARS, 1965-1972

FOR MUMBERYEARS:=1 STEP 1 UNTIL 8 DO
BEGIN
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FG? DAY:=1 STEP 1 UNTIL Z DO
BEGIN
SUMIDAY):=03 : ‘ 4
SOUARTSEDAY ) :=:01
HRSIDAY1:=0;
AVGIDAYT:=03
gnos
4
FO2 YEARDAY:= DAYSINUMBERYEARS) STFP 1 UpTTL 2920 DO
REGIN .
DAY := ((YEARDAY-2) MOD 7) + 13 4
IF DAY LES 2 THIN D:=1 FELSE Diz2;:
IF CATALYEARSAY] MEQ 0 THON
BEGIN :
SUMEDI:= # + DATA[IYEARDAY1: . ' 3
SQUARESIDI:= # + (DATA{YEARDAY1®=2)3
HRS(Dl:i= = + 1
END3
EXND: s

FOR DAY:=1 STEP 1 UNTIL 2 DO
SEGIN
IF HRSIDAY]) £0L 0 THEM HRS(UAYI:i=13 4
AVGIDAY]:= SUMIDAY}/HRSIDAY ] {
STOEVIDAY1:= (SOUARESIDAY] — ((SUHMIDAY}5%2) /HRSIDAY 1)) ZHRS (DAY 3
END3

DIFF:= AVGL1l — AVGI217
SIGMALSTAl:: ((STBEVI1I/HRSI1)) + (STPEVI21/HRSI2]))#%.5;
STDEVI1):= STpIvVil)s=,5;
STDEV(2):= STDLVI21#%,5;

WRITE(PRINTER, <I6, X13, F6.3, X15, F5.3, Xl4, F6.3, X15, FS5.3, Xi4,
Fé.4s X11s FE.3>s UMNBERYEARSs AVGI13s STOEVI13s AVG(2)s

STDEVI 21,y SIGMA(STAYs DIFF) 3
WRITE(PRINTERs /43
NEXTYEAR1: END; %%%%% END OF 8 YEAR {OOQP
S

2% THIS HALS CALCULATES A
%%

VERAGES END STANDARD DEVIATIONS
FOR EACH DAY QF THE WEEK

%%
£33

2R 2R

WRITE(PRINTERs <////>);
WRITE(PRINTERs <'" YZARS SAT DLV SUN DEvV MON DEV
TUE DEV WED prv THU DEV FRI DEV!>) 3

WRITE(PRINTER, <//>);
SRR THE PROGRAM RUNS FOR ONE TO EIGHT YEARS, 1965-1972

FOR MNUMBERYEARS:=1 STEP ] UNTIL 2 DO
BEGIN

FOR DAY:=) STEP 1 UNTIL 7 DO
BEGIN
SUMIDAY =03
SQUARESIDAY 1:=03
HRSIDAY =03
AVGIDAY1:=03



ENDJ

For YEARDAY:= DAYS({HUMBERYEARST STFP 1 UNTIL 2920 DO
BEGIN

:= ((YEARDAY-2) MOD 7)_+ 13

1F DATAIYEARDAY) NEQ 0 THEMN
BEGIM
SUMIDl:= & + DATALYEARDAY);
SQUARESIDI:= ¢ + (DATAIYEARDAY}®#2)3
HRS(D)i= & + 13 .
ENDS

ENDS

FOR DAY:=1 STEP 1 UNTIL 7 0O
BEGIMN
IF HRSIDAY) EOL 0 THEN HRS{DAY}:=13
AVGIDAY1:= SUMIDAY1/HRSIDAY];
STDEVIDAY1i= (SOUARESIDAY) = ((SUMIDAY)#%2)/HRSIDAY}))/HRSIDAY)S
STDEVIDAY}:= (STDEVIDAYI/HRSIDAY))®e%,.5;
END3

WRITE (PRINTERs <I43X2s7(X33F5.29X34F5.3)>9 NUMBERYEARSs FOR DAY:=] STEP
1 UNTIL 7 DO L[AVGIDAY)s STDEVIDAY11)S
WRITE(PRINTFRs /)3
MEXTYEAR2: END3 %%%%% END OF 8 YEAR LOQP
END3 %5%%% END OF STATION LooP

n
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PROGRAM TO CALCULATE MEDIAN FRACTIONAL CHANGE
BETWEEN WEEKDAYS AND WEEKENDS

This program useé the data files created by the first pro-
gram to find the fractional differences: (Weekday-Weekend)/
Weekday for the weekday and weekend averages (or maxima) week
by week. These data are then sorted to find the median‘value and
the 95% confidence interval for the median. The program will run
for any number of years for any number of stations. A separate

run is required for each pollutant.



BEGIM

ETTEP TO FIND THE 3 DIFFERINCES (WELCKDAY—wEETKEND) /WEEKDAY
DEELD FOR WELKDAY AND WEEKZND AVERAGES wEER BY WEEKs AND FOR
FEETEA INDIVIDUAL DAYS (I.E. (TUES~SUi) /TUES)

FTE AT THE PROGRAM RUNS FOR ONE TO EIGHT YEARS, 1965~1972

FEE LT SATURDAY IS DAY ls SUNDAY DAY 2y ETC.

FILE READER(KIND=R.ADEP) ;
FILE PRINTER(KIND=PRINTER);

FILE OXDATA(KIND=DISKs MAXRECSIZE=300, BLOCKSIZE=300,
TITLE="MAXIMUM/ND ") §

ARRAY SUMEO:71s SQUARES[{(:71s STDEVIO:71, DATALO:30001s SIGMALO:IC]s
HRSLO:7)s AVGLO37)y TOSORTIO:440:4201, K{0:4ly, UPPER(O:4]),
LOWERIO:41, MEDIANIO:43;

ARRAY WEEXKS200:7)y SUMDIFFSI0:7];

INTEGER DAYy YEARDAY, STAs Do Is NUMBERYEARS, COUNTER, WEEKS»s w3

INTEGER TRIALs DAYXs EWDSS .

REAL DIFFs SUMDIFFs SAUARE:

LABEL NEXTYEAR1s NIXTYEAR2, NOWEEKS NOTUESDAY$

VALUE ARRAY PLACT(0s 1s 60s 693 Tls 72, T4y 753 769 79 80)3

VALUE ARRAY DAYS(0s 2557, 2192s 18<7s 1462, 1095, 731, 3665 1)3

®BBHRD GET THE DATA AND INITIAL PRINT STATEMENTS

FOR STA:=1 STEP 1 UNTIL 10 DO
BEGIN
FOR DAY:=1 STEP 300 UNTIL 2800 DO

READ (OXDATA, <300F6.2>9FOR D:=DAY STEP 1 UNTIL (DAY+299) DO DATAID1);

WRITE (PRINTERISKIP 11)3

WRITE(PRINTERs <X55s WSTATION"s I3>, PLACE(STAl);
WRITE (PRINTER?/4) }

WRITE(PRINTERs <X535 HNQ —— MAXIMAUS);

WRITE (PRINTER/») 5 '

WRITE(PRINTERy <X555 "ENTIRE YEARM>)}

WRITE (PRINTERs <///>)}

bBBEH THIS PART CALCULATES WEEKEND AND WEEKDAY AVERAGES
B52%% AND THE STAMDARD DEVIATISN OF THEL DIFFERENCE

WRITE(PRINTERs <X3, “YEARSY, X10, ¥ LOWER", X125y “MEDIANY, Xx12, MURPERY>

)3

HRITE{PRINTER, <//>)3}
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FOR NUHBEQYEARS!?! STEP 1 UNTIL 8 Lo
BEGIN
FOR TRIAL:=1 ST:P 1 UNTIL 4 D0 FOR WEEKS:=1 STEP 1 UNTIL 400 DO
TOSORTITRIAL »WEEKST:=03
SUMDIFF =03
WEEKS:=03

FOR DARY:=1 STEP } UNTIL 2 DO
BEGIN
SUMIDAY ] :=03
SQUARESIDAY ) : =03
HRSIDAY =035
AVGIDAYI11=03
ENDS

FOR YEARDAY:= DAYS{NUMBERYEARS) STEP 1 UNTIL 2920 DO
BEGIN
DAY:= ({(YEARDAY-2) MQD 7) + 13
IF DAY LEO 2 THeM D:=l ELSE Di=¢j
IF DATALYEARDAY] NEO 0 THCN
BEGIN '
SUMIDII= & + DATALYEARLAY]S
HRSID):= # + )3
END?
IF DAY EQL 7 THEN
BEGIN
FOR Wi=1 STEP 1 UNTIL 2 DU IF HRSIW]} NEQ 0 THEN
SUMIW1:= =/HRSIW] ELSE GO TO NOWEEK;
WEEKS:= # + 33 S
TDSORTij WEERSI:= (SUMIZ2i-SUMI11)/SUM(2]3
NOWEEK:

END3

IF WEEKS EQL 0 THIM WEEKS:=1j;

K{1l:i= (WEEKS—(1.64%(WEEKS®%,5)))/2;
SORTNM(TOSORTIis=]y 1y WELKS)S
LOWERI{1):= TOSORT(1l, KIL1}]3
MEDIANI11:= TCSORTIls (1+wWEEKS)/2);
UPPERT1J:= TOSCRT{1ls WEEKS-KL13}+11;

WRITE(PRINTERs <1653Fi8.4>s NUMBERYEARSs LOWERI11, MEDIANL11s UPPER({1))3
KRITE(PRINTERy/4)3

NEXTYEAR]I: END; %6%%%D END OF 8 YEAR LOOP
EEEE ¥ THIS HALF CALCULATES AVERAGES AND STANDARD DEVIATIONS
BHE%> FOR EACH DAY OF THE WEEK

WRITE(PRINTERs <////>)}
WRITE(PRINTERS <X13s M"T-SAMs X269y "W~SA", X264 "T-SUM, X263 “w=SU">);

¥RITE(PRINTERs/») 3
WRITE(PRINTERy <Xl» (X3, " LOWER“s X4, "MEDIAN"s X4s "UPPER ")>);

WRITE(PRINTERy <//>)3
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FOR NUMBERYEARS:=) STEP 1 UNTIL U4 00
BEGIN

FOR TRIALf=1 STLP 1 UNTIL & DO
BEGIN

FOR WEEKS:=] STEP 1 UNTIL 40u DO YOSORTITRIAL, WEEKS):=03

WEEKS2(TRIALT2=0;
ENDj

FOR YEARDAY:I= DAYSINUMBERYEARS) STEP 1 UNYIL 2920 DO
BEGIN

i= ((YEARDAY-2) 'MOD 7) + 13
SUMID) := DATALY.ARDAY) S
IF D EQL 7 .THEN
BEGIN -
FOR ENDS:=1 STEP 1 UNTIL 2 DU
FOR DAYX:=A STEP 1 UNTIL 5 DU
BEGIN
TRIALi= (UAYX=5)+(EnDS#2) 3
IF SUMIDAYX] NEO 0 AND SUMIENDS] NEQ U THEN
BEGI
WEEKSZITRIALIS= * + 13

TOSORTITRIALy WECKS2{TRIAL)}:= (SUMIDAYX1~SUMIENUS])/

SUMIDAYX);
ENDs
END3
END3
END3

FOR TRIAL:=1 STEP } UNTIL & DO
BEGIN
IF WEEKS2{TRIAL) £0L O THEN »EEKS2{TRIALI:=1;
KITRIAL) = (WEEKS2ITRIALI=(1.645(VEEKS2ITRIALI®#.5))) /23
SORTNM (TOSORTITRIALs®)s 1» WEEKS2ITRIALY) S
HEDIANITRIALI:= TOSORYITRIALs (1+WEEKSZ2ITRIAL}) /213
UPPERITRIAL):= TOSORTLTRIAL, WEEKS2ITRIALI-KITRIAL}+1);
LOWER(TRIAL J:= TOSORTITRIAL, KITRIAL)JS
END;

WRITE(PRINTERs <12F10.4>, FOR TRIAL:=1 STEP 1 UNTIL & Do
[LOYERITRIAL}y MEDIANITRIALI, UPPERITRIAL)I)S
WRITE(PRINTERs /)3

NEXTYEAR2: END; ‘ %5%BY END OF 8 YEAR LOOP
END3 F6%%% END OF STATION LOOP
END.

PN
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PROGRAM TO ACCESS CARB TAPES

This program takes the original data in the format supplied
by the California Air Resources Board, finds the daily average
and maximum for each day and saves these in separate files, one
for each station. It will run for as many stations és are requested

and for any number of pollutants.



156

BEGIN

FILE 1
CAQE(KIND=TAPL9,HAXRECSIZC=20,BLUCKSIZE=600)9

DOXMOX(KIND=DISK;HAXRECSIZE=3,BLUCKSIZE=450gAREASIZE=360,AQEAS=7y
SECURITYTYP£=CLASSA,LABELTYPE=OMITTEDEOF)s

% DISKCARB(KIND=DISK;HAXRECSI£E=20;HLOCKSIZE=6009AREASIZE=1U9FLEX1ULE)c
YEARFILE(KIND=DISKsFILETYPL=7),

P(KIND=PRINTER) ;

LABEL MISSINGSTATIONS
POINTER PPyTPsYPsSPyDP3
ARRAY CHR 3 AVEsMAXL 033701, PARKAYI0:1),BUFFI0:20), TASLE(0:1,0:12],
SKIPNUM[0:7);
INTEGER ST:HA,AV,T,I:FIRSTRECsYEAR:MON;DAYySTA9STATION,BLAsoAYOFYEAR,
RECCOUNT s DAYCHLCK s DISKTEMP s AVECHT s MAXCNT s EMPTY, AVERAGECOUNT s PUL;
PROCEDURE FIXUP (AVLyRECCGUNT) 3
INTEGER RECCOUNTS
ARRAY AVELG);
BEGIN
INTEGER HISSING;,MISSINGZ,ZEROS,T,I,MISSINGF;RST,BIGZEROS;

BOOLEAN FIXED: . 2
REAL AVERAGE; : :
IF AVELl) = ¢
THEN
BEGINM
WHILE AVE[T:=#+1] = 0 AND T<362 DO} 3
FOR EMPTY:=} STEP 1 UNTIL T—i DO AVE(EMPTY}:= AVE[T];
END .
ELSE 3
T:=13 .
FOR 1:=T+1 STEP 1 UNTIL 360 DO
IF AVELIl=¢
THEN
LEROSt=#+]
ELSE
CASE IF ZER0OS>2 THEN 3 ELSt ZEROS OF
BEGINM
0:3
13AVELI~11:i=(AVELI)+AVELI=-£1) /23
MISSINGliz®+1s
LEROS:=(}
CIAVELI-Z2}i=(AVELI}+AVELI=-31) /23
AVE[I-)1):=AVEL[]~2);
MISSING2:=#4+]}
ZEROS: =03
3:  AVIRAGECOUNT =03
AVERAGE :=03

S



FOR T:=1 STEP 1 UNTIL 1+ZER0S-1

s 1-ZEROS~1 STOP -1 UNTIL I-2#ZZR0OS DO

1F T LEQ 360 AwWD T Ge@ 1 THEN IF AVE(T) NEQ 0 TREN

BEGIN
AVLPAGE:= & + AVEIT])s
AVIRAGECOUNT := * + 13
E&D3

AVERAGL := AVERAGE/AVIRAGECOUNT

FOR T:=I-ZEROS STEP 1 UNTIL 1-1 0O

AVELT}:=AVERAGLE;

WRITE(Ps <THERE ARE "I3 = ZERQS"," STARTING AT "I3"

ZERDS5s I-ZER(OS, I-ZEROS+FIRSTRECY S

BIGZEROS:=%+2ER053
ZEROS:=0
END3 ’

(lllé,")li),

FOR EMPTY:=360—-ZER0S STEP 1 UNTIL 360 DC AVELEMPTY ] :=AVE(360-2ERUS-113

1F ZEROS ISNT € THZIN WRITE(Ps<"LAST “I3" ARE ZZROM> 45 LERDS) 3
WRITE(Ps<®™MISSING } & 2 ARE:M §3,X1s13, "y BIGZERDS= "3,

MISSING1aMISSING2,8I62CRUS) &

IF (T:=HISSING}+HISSINGFIRST+BIGIEROS+ZEROS+2*HISSINGZfRECCOUNT)=360
THEN WRITE(Ps<”ApLL RECORVDS ACOUNTED FOR'">)

ELSE WRITE(Ps<' ONLY "I3 " OF 360 RECORDS ACQUNTED FOR, ®®asimianai

2 T35
END3

AVE(O01:=05

FILL TABLELOs#] WITH 030,31+29931930+s31530,31,31+430431530;
FILL TABLELl.%1 WITH 090731,2&731,J0,31930,31,31,30,31:30;

FOR T:=0 STEP 1 UNTIL 1 DO
FOR I:=1 STEP 1 UNTIL 12 DO
TABLEL T Y 1:=TABLE(T,I1+TABLELTI~115
FILL SKIPNUMI®] WITH 23190959493+2503
AVE[3611:1=999999;
SP:i=PQINTER(BUFF)+33
DP:=POINTZR(BUFF)+5}
TP:=POINTIR(BUFF) +51
% GO TO VARIABLE 12
FOR POL:= 15y 21s 23 DO
BEGIN
wHILE INTEGER(TP,2) HNEG POL DO
READ(CARB20sBUFF ) 3
YP:=POINTER(PARRAY);
READ(BUFF s<X7912>3YZAR) 3
REPLACE YP BY NDGXHOX .93
REPLACE YP+6& BY YLAR FOR 2 DIGITS;
REPLACE DOAMOX.TITLE BY YP3
FWRITE(Ps<"THIS RUN GENERATES "Au>:YP);
FOR STATION:= 33i26s 36151, 36165 b0
BEGIN
DAYCHECK ! =AVICHT : =MAXCNT :=RECCOUNT :=03
YRITE(PISKIP 11)3
REPLACE POINTLR(AVE) BY 0 FOR 361 WORDS:
REPLACE POINTLR{MAX) BY 0 FOR 361 WORDS;
REPLACE PDINTER({CHK) BY ¥ w FOR 361
REFLACE YP 8Y STATIOW FOR 5 VIGITS;
PP:=POINTER(BUFF};
WHILZ YP GIR PP FOR S DO
READ (CARB920G+BUFF) 3

WORDS3
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IF YP NEQ PP FOR 5 THEN
BEGIN
WRITE(P,<"STATION® #ISw 1S MISSINGw>,STATION) 3 4
REPLACE POINTER(AVEL®]) HY 9v9999 FOR 364 WGRDS;
REPLACE POINTER(MANI®]) BY Y9999y FOR 36: kORDS;
WRITE (P20 BUFF) }
60 MISSINGSTATION
END
THRU SKIPNUMIYLAR-66) DO . 4
READ (CARBs 20 s BUFF ) §
WRITE(Ps<"PROCESSING STATION # "j5u, STARTING AT “I4", FOR “I14//7>,

STATIONSFIRSTRECeYEAR+1500) 3
WRITE(P»20+BUFF) 3
READ(BUFF 9 <ISy X453 129125 X773139F4413X4s11>s
STA’MONQDAYQH;{UAV: BLA)S
DO
BEGIN ’
% IF DISKTEMP:=%+1<370 THEN WRITE (DISKCARB,20,8UFF) ; 4
DAYOFYEAR:=DAY+TABLE(IF YEAR=TZ OR YEAR=68 THEN 0 ELSE 12 MONJ
~SKIPNUMIYEAR-6613
IF. DAYCHECK:=®+} ISNT UAYOFYEAR THEN
WRITE(P»<PDAYOFYEAR ERRORy; DAYCHECK=MI3ni=n]3>,

DAYCHECK s DAYCHECK i =DAYOF YEAR) §
IF DAYOFYEAR=355 THEN

BEGIN : ‘
WRITE (Py<"DAY 355("14")">s355+F IRSTREC) 3 ' 5
WRITE{Ps205BUFF) ;
END;
IF BLA IS5 1 AND DAYOFYEAR<361 THEN : 5
BEGIN
RECCOUNT :==+13 s

REPLACE POINTER(CHKIDAYOFYEARIYBY SP FOR 2+DP FOR &3
IF AV NEU 0 TH:EN
BEGIN
AVEIDAYOFYLAR):=AV; : 6
AVECNT :=%413 '
END3
IF MA NEQ 0 THUN
BEGIN
MAX{DAYOFYLARD :=MA}S
MAXCNT:=%+13

END; . '
END3 6
READ (CARB»20+BUFF) 3 5

READ (BUFF 9 €ISy X3 125129 XT79133F4el4X4511>,
STAsMONsDAYsMA4AVSBLA) 5
END .
UNTIL STA ISNT STATION3 4
WRITE(Ps<]3" DAYS HAD VALID DATA (nI3nynI3nyn>,

RECCOUNT2AVECNTsMAXCNT) 3
WRITE(Ps<////"FIXUP FOR STATION# "IS//MAVERAGE 1 ">, STATION) 3

FIXUP(AVESAVECNT) }
WRITE(Ps<//"MAXIMUM:In>)
FIXUP (MAXsMAXCNT) 5
MISSINGSTATION:
#RITE(DOXMOX3<2F6.23A6>9F0R Ti=1 STEP 1 UMTIL 360 DO



[AVELT)sMAXITIsCHKITI)) $
FIRSTREC:=+3603;
ENDS
END3 2% H3% EMD OF POLLUTANT
LLOCKALISKCARB s CRUNCH) 3
LOLK (DOAMDA s CRUNCH) 3
END,

LOoP
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PROGRAM TO ACCESS THE LAAPCD WIND TAPES

This program uses LAAPCD wind data in the original

format. It finds the 9:00-14:00 average wind speed in each of

eight directions for each day, as well as the daily sum of wind

speeds for all directions. The program may be run for any

number of stations for any number of years,
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ool
Floe elhodnItiv=pisn, MAXRLTSIZ2E=205 BLOGCKSIZE=300, TITLE=9wInd1v73.7)3 1
FILE PHILTERIKINUSPRINTER) 3

FILE AVO#THD(RTINU=LISKs MAXRCCHILE=365, RLOCKSIZE=365, TITLE="wIHD6.',
ARUASTZL=2, AREAS=1(s FLeXIBLE=TRUE, PRUTECTION=SAVE);

IRTEGTR 3TAs S5TATs HiRRs DAY HEC0D0 s YEARS MONTHy 4ODAYs Dy 20LLUTANT;
INICGER DIRS _

ARSAY CATALGIZ0 s uATAHR[QIZQI’ SPLEDILiI365+0:8]) DIRE@[G:Z@J;

POInTER POATAS

Lastl RODATA, BLGInNLOGP, FINISHS

Var U ARRAY PLACL(U, 13, 75, 97, 100, 1901, 102s 107, 109, 114, 122);

VALUL ARRAY DAYS(Us033135959U9:205i51918192129243227353045334) 5

3TA:=63
KECORDS =) 3
POLLUTANT 1293
DAY:=0;
wAllE TRUZ LU
BEGIN
RLAL (#InDs 20y DATAL®))[FiNISHI _ 2

PUATAT= POINTORIDATA)
STATI= INTEGLR{PDATA,3)3
IF STAT EvL PLACZISTA) THEN GO TO BEGINLOOP;

END3
2
FOR 0AY:=1 STZP 1 UNTIL 365 UD
FOx piri=l SiiP 1 UNTIL 8 DO
SPEEDIDAYSUIRT =03
BEGINLODP:
UHILE TruZ Do
BLGIN
iF LAY JEQ 0 TH_N 2
LEGIN
REAS (HWIND, 20y DATAL®IIIFINIHIS 3
RLCORLSI= & + 13
Enis
POATA= PCINTZRIDATA)S 3

STAT:= INTEGZR{FDATAS3);

IF STAT HEQ PLACLISTA} THIN GO 10 FINISH;
PLATAI= PIATA + 43

YOARSE INTCOLR (PDATA4) 3

PUOATAI= FUDATA + &3

MOMTrRi= INTEG_R(PDATA,2)3

PUATAI= PDATA + 23



MGLUAY i = INTEGLR(PUATA,2) 5
JAY 1 DAYSUHONTH] + MUDAYS

FOP HRI=1 STIP 1 UNTIL 24 DO
BEGLiN
POATAI= PDATA + 23 :
UIREC(hh1~; INTEGER (PDATA2) 3
PDATAI="PDATA + 23
LDATARREAR) 1= INTEGCR(PUATA»2) 3
END; o ‘

FOR HR:=9 STLP i UNTIL 14 DO
b'bIN '
I¥ DATAHRIAR] £RL 99 ThEd GO TO NODATAS
DIR:= (DIRCIHRD + 1) DIV 23
SPFCU[JAYyUIR]:: 3 DATAHRIAR ]
NODATA: Enbs '

EnDs LY T 1Y EnD OF UAY LOOP
FINISH:

WRITE(PRINTEKs <X50s "9-14 AVERAGESY">);
WRITE(PRINTER /)3

WRITE (FRINTCRs <" DAY i ¢ 3 4 5 6 7 8

DAY 1 2 3 4 5 6 7 81>y 5
WRITE(PRINTEH/3) 5
FOR DAY:=1 STEP | UNTIL 183 UO WRIIE(PRINTER, <916,X8,916>, DAY, FUK
Di=1 3Tk 1 UNTIL & DO SPEEDIDAYsDJs (DAY+183)s FOR Di=l STEP
1 UnTil 8 DO SPEEULDAY+103+D1);

FOR 0i=1 STEP 1 UNTIL 8 DO wrITE (AVGRIND, <365(13)>, FOR DAY:=l STer 1
UNTIL 305 DO SPEELLDUAY DY) 3

END.
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PROGRAM TO CALCULATE LINEAR
REGRESSION MODELS
To calculate the linear regression models used in Chapter IV
we used the Statistical Package for the Social Sciences. Details of

the package have been published (1).

lNie, N., Bent, D. H., Hull, C. H., Statistical Package for the
Social Sciences, McGraw-Hill, New York, 1970,
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PROGRAM TO CALCULATE PREDICTED RESULTS
OF A CONTROL STRATEGY
This program uses the parameters calculated ‘by GAUSHAUS
to calculate the predicted drop in oxidant when implementing a short
term control strategy. (see Chapter III). The program is written in
Fortran to run on the UNIX PDP 11 operating system. It also calc‘u—
lates the standard deviations from eight one year surfaces and then

creates a file convenient for plotting the data.
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PROGRAM TO FIT A SURFACE TO AIR QUALITY DATA

This program uses least squares fitting to data points to opti-
mize the parameters for a non-linear model determined by the user.
The program consists mainly of a Fortran subroutine GAUSHAUS
developed at the University of Wisconsin Computer Center (Code
00017-00/5S0017-00) to run on a CDC 3600. The subroutine is avail-

able from the Control Data Corporation.
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CAT PLOT.F NSTAN.F NSTAN2.F NPER.F RMODEL.F >PLOT.DECK

CAT WTAB.F MMEANST NMSTAN.F MODEL.F MPER.F >wWTAB.DECK

CAT PLOT.F HSTANJF NSTAN2.F NPER.F RHODEL.F >PLOT .DECK

CAT MTAB.F MMEAN.F NMSTAN.F MODEL.F MPER.F >wTAB.DECK

20

50
100

551
505

50
506

IMPLICIY INTEGER®2 /I-N/

COMpMON /STan/STAN(SO’12)/STANZ/STANZ(50;12)/PER/PER(10,12)
COMMUN /SH[AN/SMEAN(50912)/SHEAN2/SMEAN2(SO'12)/IPLUS/IPLUS

DIMEHSION 105UF (2556)
NMON=12

DO 100 IPLUS=),2

CALL NSTAN

CALL NPER

CALL MsTANZ

10BUF (245) =1PLUS

I0BUF (256) =NMON

DO 50 IMON=1,NMON

DO 55 I=1:+50

TOBUF (I)=SMEAN(X,IMON)#100
TOBUF (I1+50)=STAN(I s IMON)#100
FOBUF (1+100)=SMEAN2 (I IMON) #100
TOBUF (1+150) =STAN2 (X4 IMON) #100

CONTINUE

DO 20 I=1l.10

TOBUF (245+1) =PER (1 4 IMON)
WRITE (6) (10BUF (J) 5 J=15256)
CONTINUE }

CONT IMUE

END
SUBROUTINE NSTAN
IMPLICIT INTEGER®2 /I~N/

COMMON IDAYOY(750)yIOX(750);PREDIC(7SO)ISTAN/
COMMON /THZ/TH2(7,8,2)/SHEAN/SMEAN(SO,IZ)/SME
DIMENSION TH(7)4SUM(50512) »SOSORS(50512)

DIMENSION PREDIC2(750)
K=1

00 591 1I=1,2
READ(51505) NYEARS
DO S91 I=14NYEARS
READ(S,SOG)(THZ(JoIfII);J=;:7)
FORMAT (11)

RN =1/3GRT (NYEARS)
RNN =1/KYEARS

DO 2 I=1250

DO z J=19l2
SOSARS {1y ) =0
SUM{I»J)=0

00 100 NY =1sNYEARS
NACT=0

DO 50 J0=1:50

DO 50 UD=15+360+30
NACT=NACT+1

TOX (NACT)=J0

IDAYO¥ (NACT) =JD
FORMAT(7E11,4)

DO 503 1i=1,.7

STAN(50412) /NYEARS/NYEARS
AN2/SMEAN2 (50,12)



503

555

554

INA

i0
100

678

583
99

22

50

TH(II)=TH2(II4NY 1)

CALL MODEL (TH,NACT)

DO 555 JJ=14NACT
PREDIC2(JJI=PREDIC(JI)

DO 554 1I=1,7

TH(I1)=TH2(ITIsNY»2)

CALL MODEL (THsNACT)

DO 444 JJ=14NACT
PREDIC(JII=PREDIC2(JJI)-PREDIC(JJ)
NACT=0

DO 10 I=1:50

DO 10 J=1s12

NACT=NACT+1

SUM{L s J)=RREDIC{NACTI+SUM{I 4 J)
SOSORS(1sJ)=PREDIC(NACT) *PREDICINACT) +SOSQRS (T4 J)
CONTINUE ’

Do 20 I=1+5¢

DO 20 J=ls1l2
SHEAN(Y 2 JI=SUM(T+J) /NYEARS

STAN(Is I ={SUM(T+J)#SUM(I,4)} /NYEARS
TEMP=(SOSURS{I,J)-STAN(I,323 / (HYEARS~1)
FORMAT(ELD.4)
STAN(I sy J)=SORT(TEMP) #*RN

CONTINUZ

CONTINUE

READ (5+506) TH

CALL HODEL (TH,yNACT)

DG 22 I=1sNACT

PREDICZ2(1)=pPREDIC(])

READ {54506} TH

CALL MODEL (TH4NACT)

NACT=0

DO 25 I=1150

DO 25 J=is12

NACT=NACT+1

SHEAM{T,J}=PREDIC2 (NACT)~PREDIC(NACT)

SMEANZ (I »J) =I0X (NACT)~PREDIC2 {NACT) p
FORMAT (25{v_»,13}) )
END

SUBROUTINE NSTANZ
IMPLICIT IKTEGER®Z2 sI-N/
CoMMON IGAYOY(7SO),IOX(?SO),PREDIC(TSOD/STANE/STAN(SO,12)/NYEARS/NYEAR5
COMMON sTHZ2/TH2(7+8y2)
DIMENSION TH(YJ1SUM(50’12}9SHEAN(50112)ySOSQﬁS(SO#lE)
K=1

FORMAT (11}

RN =1/SQRT{NYEARS)

RNN =1/NYEARS

DO 2 I=1550

DO 2 J=1s12 _
SO0SERS{1+J)=0

SUH({1sJ)=0

DO 100 NY =]yNYEARS
NACT=0

PO S0 JO=1,50

DO 50 JUD=15,360,30
NACT=NACT+1

IOX(NACTI=JO

IDAYQY (NACT)=JD

DO 30 I=is7.

1

67



3¢
506

10
100

20
200

99

88

50

100

20

[l - X

TH{I}=TH2(I4NY, 1)
FORMAT(TEL1 . 4)

CALL NODEL (THyNACT)

NACT=U

DO 10 1==1+50

DO 10 J=ls12

NACT=NACT+]
PREDIC(NACT)=IOX(NACT)—PREDIC(NACT)
SUM{T4J)=PREDIC(NACT) +SUM{T,J)
sosGRs(I,J)=PREDIC(NACT)°PR£DIC(NACT)+SOSQRs(I,J)
CONYINUE .
DO 20 I=1350

DO 20 J=iyl2

SMEANA{T,J)=SUM(IsJ} /NYEARS

STAN(I s ) =(SUM(I ) 2SUM(T4 ) ) /NYEARS
STAN‘I;J)FSGRT(fSOSORs(I,J)-STAN(I,J))/(NYEARs-lj)QRN
CONTINUE

END

SUBROUTINE NPER

IMPLICIT INYEGER®2 ,/I-N/

COMMON /PER/PER(10512) /NYEARS/NYEARS
DIMENSION YEAR(360)

DO 99 I=1s12

DO 99 J=ls10

PER(Js1)=0

DO 100 MYS1,NYEARS

DO 88 I=0+3504)8

READ (3950) (YEAR(I+J) sJ=1,18)

FORMAT (20(18F4,.19%8))

DO 100 INMON=1,]2

DO 100 I1DAY=1,20
DATUM=YEAR ({ (IMON~-1)#30) +IDAY)

IF (DATUM.GE.50) DATUM=49

MCAY ZINT(DATUM/S.)+1

PER (MCAT» IMON) =PER (MCAT y IMON) +1
PART=100+ / (NYEARS®30)
FORMAT(E11l.4)

DO 26 =112

00 20 J=lsl0

PER(J2I)=RER(Jy 1) ®PART

END

'SUBROUTINE MODEL(THsNACT)

IMPLICIT INTEGER®? /I=N/

COMMON IDAYOY(7SO)9IOX(750)QPREDIC(750)
DIMENSION TH(T)

DO 10 I=1lsNACT

OX=I0X(1)

DAY=IDAYOY (])
PREDIC(I)FTH(I)+TH(2)“COS(-01744*DAY)
+TH(3)EOX+TH(4)”OXQCOS(-OI744“DAY)
+TH(S)“OX?SIN(.0174Q*DAY)+TH(6)*SIN(.01744*DAY)
+TH{T7) 20X#0X

RETURN

END
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CHAPTER VII

CONCLUSION
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Some Preliminary Thoughts on the Origin of the Weekday-Weekend
Effect .

Different oxidant patterns result in the atmosphere under dif-
ferent conditions from the same decrease and redistribution of emis-
sions on weekends; under some conditions oxidant concentrations rise
on weekends and under other conditions weekend oxidant concentra-
tions Jecrease. Possible explanations for this phenomenon involve
both chemical and meteorological factors. It is assumed in the follow-
ing discussion that those méteorological.variables which influence the
mixing depth and rate of formation of oxidant including temperaturé,
relative humidity, wind speed and inversion height are essentially
independent of the day of the week. Therefore, the only difference
between weekdays and weekends is the level and distribution of emis-
sions.

One would normally expect that a decrease in atmospheric
concentrations of reactants, i.e. the primary pollutants, would result
in a reduction in the concentrations‘of products (ozéne and other oxi-
d‘ants‘).‘ This has been the usual viewpoint used, for exa‘mple, to
explain the observation that there has never been an alert called in
Los Angeles on a Sunday -- the lowered emission levels keep oxidant
concentration below alert levels. However, as seen above, this will
not explain all the observations, and thus other factors must be
involved.

Confined to a limited volume by the inversion layer, the
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reacting pollufants are also moved aboutithe air basin by the winds.
Winds in the Los Angeles Air Basin are from the ocean in late morn-
ing and afternoon and :frofn the land in the late night and early morning.
As the sea breeze picks up in the morning, it carries eastward fresh
pollutants emitted during morning, reacting as they move, collecting
fresh pollutants into the air parcel as it is blown over additional
source areas. This results in the very high oxidant concentrations
observed at the eastern edge of the basin. When the sun sets, the
polluted air still contains partially reacted hydrocarbons and NOX and
has the potential to continue the photochemical process with no new
- influx of primary pollutants. Much of this air is cleared from the
basin and blown westward over the ocean at night by the land breeze.
When the sea breeze begins to pick up in the morning, it is carried
back over the land. The air has the potential to produce some oxidant
near the coast without any further influx of pollutants, even though it
may have been partially diluted by clean sea air. Thus, as the morn-
ing traffic peak adds fresh pollutants to the atmOSphefe, it already
has some potential for the formation of oxidant as carryover from
yesterday. Let us examine the effect of this oxidant potential on
weekday oxidant concentrations,

In the morning the polluted air mass begins to react and form
ozone as it moves over the coast, Concurrent with this process,
morning traffic in the source areas begins to emit NOX (as NO) which

can immediately react with the ozone that is being produced in the air



mass, keeping oxidant concentrations low. The air mass then begins
its flow eastward in the sea breeze with a very high oxidant potential,
containing both the carryover and freshly emitted pollutants. As it
moves, NO is converted to photochemicélly active NO2 after which both
the freshly emitted pollutants and the carryover react to form oxidant.
Contrast this with the situation on a weekend, The air which has been
carried over from the previous day will still arrive in the coastal
areas in the nllorning with its potential for ozone formation, yet there
is no rush hour traffic peak and no large influx of primary pollutants,
especially NO,.‘ to scavenge this ozone. Therefore the weekend air
mass at s.ource areas may have just as mﬁch potential fof creation of
oxidant in these coastal areas as on weekdays because of the carry-
over of yesterday's pollutants, and the lack of NO to scavenge the
ozone. This explains the constancy or even increase of oxidant con-
centrations on weekends compared to weekdays recorded at coastal
stations.

The foregoing process does not accurately describe the situa-
tion at inland stations, because at the‘se receptor sites the observed
oxidant concentrations result from hours of reaction in the polluted
mass as it travels eastward in the sea breeze, while at source sites
the daily influx of NO di‘rectly affects the recorded oxidant concentra-
tions. High concentrations of NOX lead to lower oxidant concentra-
tions near the coast, since the dominant form is NO which rapidly

reacts to scavenge ozone. As the polluted mass moves eastward and
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the NO reacts to become NO2 , the increased NOX levels cause a rise
in the amount of oxidant produced. Conversely, decreased NO emis-
sions, while perhaps responsible for some small increase in oxidant
concentrations measured at coastal stations, will result in lower NO2
and oxidant concentrations at the eastern stations, Thus, one might
expect that coastal stations would not show a decrease in oxidant con-
centration on weekends -- the atmosphere retains the ability to pro-
duce oxidant due to the combination of carryover pollutants and the
lack of fresh NO to scavenge the ozone. At eastern stations during
the summer, the weekend decrease of NOX results in a reduction of
oxidant produced on weekends because there is a lower concentration
of reactants which can form oxidant as they move across the basin,
Inland stations behave like coastal stations during winter, perhaps
because the lessened sunlight intensity (the driving force of the photo-
chemical reactions) does not allow the polluted air to reach its full
potential of oxidant production.

We have suggested some aspects of a possible explanation of
those atmospheric processes which result in the observed patterns of
weekday and weekend oxidant. Further studies are necessary to dis-
cover if such an explanation is at all realistic. For example, one
would like to sample the air over the ocean near the coast to elucidate
the fate of pollutants over the ocean. A series of flights at various
times during the day could sample hydrocarbons and NC)X to deter-

mine the composition of partially reacted mixtures, as well as ozone,
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and mcteorologic.al.variables such as wind speed, w'ind direction and
temperature. These should be continued into the night to answer the
question of whether ozone obser{/ed early in the morning is produced
by early morning solar action on the partially reacted pollutants or
whether it remains from the previous day due to lack of scavenging
processes over the ocean. One would like to discover the éomposi-
tion of partially reacted mixtures as they age without sunlight.

In addition, information c0uld perhaps be gained from smog
chamber studies, by trying to simulate the conditions experienced by
polluted air over the ocean. One such e;cperiment could begin with
‘irradiation of an auto exhéust surrogate mixture inchiding only pri-
mary pollutants. The air could then be left in the chamber in the
dark overnight and further irradiated the next morning to determine
the full potential for oxidant production in such an air mass, Smog
chamber expériments have difficulties due to wall reactions which
would be mégnifie‘d in such lengthy experiments, but the results might
still be helpful, To help avoid wall effects when the hjrdroca;'bon mix
and hydrocarbon—NOx ratio of the air over the ocean at night is known,
a similar mixture coﬁld be irradiated in the smog chamber.

The effect of the weekend-weekday variation of industrial
pollutants needs further study. Emissions data segregated by day of
the week from the large stationary sources in the Los Angeles basin
would be useful in order to determine their weekly patterns. In addi-

tion, power plants often have seasonally varying. 1dads, and the extent
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of the seasonal changes in emissions might help to explain the seasonal
changes in the weekday-weekend phenomenon.

We have observed seascnal variations in the response of oxi-
dant concentrations to the change of emissions on weekends. The
cause of these variations is still a matter of speculation. However,
in spite of our lack of complete chemical and meteorological under-
standing, we can still use the observed variations to evaluate a short
term oxidant control strategy and thus define a subset of conditions
under which switching to weekend-type emissions would significantly
decrease the average oxidant levels both one and two days into the

future.



