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Abstract

Observations of smog concentrations and wind patterns during 

the summer of 1973 in Los Angeles, Pomona, Riverside, Banning, and 

Palm Springs are presented which show that high oxidant concentrations 

at Banning and Palm Springs are often due to advection of smog from 

source regions in the more densely populated western part of the 

Los Angeles basin. At Pomona and Riverside, advection from upwind 

source regions combines with the effects of local emissions to cause 

long durations of high oxidant concentrations with peak times in the 

mid afternoon. An empirical model for the diurnal oxidant variation is 

suggested which satisfactorily simulates observed concentrations.

More complex models which include chemical kinetics systems do not 

perform very satisfactorily at the rural stations of Banning and 

Palm Springs, especially at night when observed oxidant concentrations

remain high.



I. Introduction

The problem of photochemical smog in the Los Angeles basin has been

recognized for many years (U.S. D.H.E.W. Consultation Report") and has been

the subject of many research and observation programs. As a result of these

studies, various kinds of emissions controls have been suggested and implemented,

and smog concentrations in the basin have been observed to decrease significantly 
2(Altsuller ). It has been recognized that, while oxidant concentrations

have decreased in the central areas of the basin characterized by high

emissions, oxidant concentrations are increasing in the areas of Southern
3California that do not have very hi$1 emissions (Gloria et al., Drivas and 

4 5 2Shair, Metronics, Altshuller, ). In this paper, measurements along

a trajectory from Los Angeles to Palm Springs are presented which show

that as the smoggy air is advected towards the east, the time of peak oxidant

concentration is delayed towards evening, and the duration of high

oxidant concentrations increases. The roles of advection, diffusion,

and chemical reactions are discussed.

Observations are reported as either ozone or oxidant. While ozone 

is the chief oxidant in the air, small amounts of other substances such 

as PAN (peroxyacetyl nitrate) are represented in the oxidant observation.

The presence of ozone or oxidant in regions outside primary source areas 
has been observed in several regions of this country. Stasiuk and Coffee^ 

reported ozone concentrations of 8 pphm (parts per hundred million) in 

rural New York State. The typical background concentration reported 
by the U. S. D.H.E.W. ^ is 3 pphm. Although at any given time,
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local sources or infusions of stratospheric ozone can cause variations
g

in the background. The National Air Quality Criterion for oxidant

states that an hourly average concentration of 8 pphm may be
9exceeded no more than once a year. Cleveland and Kleiner discuss 

observations of ozone concentrations exceeding the Air Quality Criterion 

in small towns about 50 km from Philadelphia, and show that the highest 

concentrations occur when the wind is blowing in a direction from Phila­
delphia to the towns. Richter^ and Research Triangle Institute'''"*' report high 

values of oxidant measured in mountainous regions in the eastern 

U. S. This may be partly due to hydrocarbon emissions from the forests.

The occurrence of high ozone concentrations in Livermore Valley, east
12of San Francisco, is shown by Ludwig and Kealoha to be

caused by chemical reactions in air advected from the more populated

areas of San Francisco and San Jose.

Many studies have been made of the three dimensional distribution
3of ozone or oxidant in Southern California (e.g. Gloria et al., Miller 

and Ahrens,^ Lea,^ Edinger,‘*"^) . The studies all find that layers 

of ozone exist, and that often the highest ozone concentrations occur 

near the top of the mixed layer. These elevated

layers of ozone can stretch with little variation across the Los Angeles 

basin, and impact upon the forested slopes of the mountains to 

the east and north of the basin. Ozone concentrations in these 

elevated layers do not vary much with time of day.
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A tracer study by Drivas and Shair * shows that pollutants

emitted in the more populous western part of the Los Angeles basin can be

advected through the passes in the hills into the eastern part of the
basin. Another tracer study by Metronics5 found that considerable

transport of material from Los Angeles to Riverside took place,

but suggested that the main cause of high pollutant concentrations in

Riverside is local emissions. The Los Angeles Reactive Pollutant

Program, which took place in late summer, 1973, also used tracer tech-
, . 16,niques to follow air parcels across the basin (see Angela, et al. ). 

Constant level balloons were flown, as on other occasions 
(e.g., Angell et al.1^) in order to more accurately deter­

mine air trajectories. The tetroon flights verify that the sea breeze
18,regime often dominates the air flow (DeMarrais et al, ), causing 

pollutants to drift inland during the day and out to sea at night 
19

These patterns were also confirmed by the study by Edinger et al.

Mountain valley breezes dominate the flow near the large mountain 
ranges to the east of the basin (U.S.,^). It will be shown later, 

in this paper that the sea breeze and mountain breeze interact to form 

a smog front which flows to the east during the afternoon and reaches 

Palm Springs in the early evening. Climatological summaries show that 

this air can have its origins either in Los Angeles or Orange Counties. 

For the episode analyzed here, the origin is Los Angeles.

Occasionally, the smog frort is a very striking visible phenomenon.

Stephens'^ provides photographs and documentation for a smog front
on 16 March, 1972, as it passes Riverside. He states that such extremely
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sharp demarcations between the polluted marine air and the clean 

desert air occur about a dozen times per year, and are most common 

during October.

Once the phenomenon of smog advection is documented, the next

question is whether it can be modeled. Urban diffusion modeling of
Los Angeles has progressed from Frenkiel's ^ simple model to

22the complex models of, for example, Pandolfo and Jacobs,
Reynolds et al,^^5^** and Roth.^** These simple models have

been validated so far only in the parts of the basin where local
26emissions are significant. A simple model developed by Hanna 

was found to yield useful results where local emissions and meteorological 

conditions do not vary by more than an order of magnitude over time 

periods of several hours and distances of several kilometers. But 

the pollution episodes discussed here occur over regions where local 

emissions are insignificant and when meteorological conditions are 

changeable. In the model developed here, several chemical kinetic 

schemes are tried, in an attempt to simulate the observed smog patterns.
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2. Observations during the Summer of 1973.

To illustrate the variations in smog concentrations across 

Southern California, the five stations shown in Figure 1 were used.

The distances between Downtown Los Angeles, Pomona, Riverside, Banning, 

and Palm Springs are 46, 29, 51, and 26 km, respectively. These stations 

are along the trajectory of an air parcel flowing eastward from 

Los Angeles, through the San Gorgonio Pass (near Banning) to Palm 

Springs. The San Gorgonio Pass (el 500m), which is about 3 km wide, is the 

only low passage through the steep San Bernardino, San Jacinto, and Santa 

Rosa Mountains on the north and east sides of the Los Angeles basin.

Emissions characteristics of the areas around the five stations 

are listed in—Table 1. These emissitms-Trepresent an average over about
2100 km

Table 1

Emissions Characteristics in Southern California

Average 3 2Daily Emissions (cm /m sec)

Station £opXlation CO Reactive,Hydrocarbons NO no2

Los Angeles
Pomona

2,816,000
87,000

.11

.014 O 1

3xl0~4.021 .004
2.7xl0~3 1.7xlO~3

Riverside
Banning
Palm Springs

140,0U0
12,000
21,000

.014
1.4xl0~3
1.4xl0“3

-32.7x10
2.7xl0~4

-42.7x10

-31.7x10
-41.7x10

1.7xl0~4

-410
10-5
io-5

The emissions for the first three stations are estimated from the data
27published by Weisburd et al Emissions were estimated for

Banning and Palm Springs on the basis of population, compared with 

Riverside, since there were no published emission data available.
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Based on emissions data analyzed by Roth et al (1974), the average daily 

emissions reported in Table 1 must be multiplied by the following 

factors to obtain hourly values:

hr 0-5 .173; hr 9 1.56; hr 16-18 1.92;
hr 6 .295; hr 10 1.24; hr 19 1.36;
hr 7 1.06 ; hr 11-14 1.31; hr 20-22 .73;
hr 8 1.70 ; hr 15 1.41; hr 23-24 .173

The most severe smog episode during 1973 occurred during the 

four day period from 23 July through 26 July. The hourly oxidant 

concentrations, averaged over the four days, are plotted in Figure 2.

The Los Angeles, Pomona, and Riverside curves are all typical for an 

urban location with strong local emissions, increasing from near zero 

during the night to a peak near mid-day. However, the time of the peak 

oxidant concentration occurs later in the afternoon for the more easterly 

stations, due to advection of smog from Los Angeles. Furthermore, the 

duration of high oxidant concentrations is longer for the more easterly 

stations. This is also evident in the oxidant summary in Table 2.

Table 2

Time, Magnitude, and Duration of Observed Oxidant Peaks along 
the Los Angeles-Palm Springs Trajectory for 23-26 July 1973*

Time (hr.) and Magnitude (pphm, in Duration (hr.) of
Date___________parentheses) of Oxidant Peak_________ Ox. Cone. > 10 pphm

LA POM RIV BAN PS LA POM RIV BAN PS
23 July 73 12(10) 14(23) 13(2b) 17(30) 18(25) 4 8 12 23 23
24 July 73 12(27) 15(31) 14(37) 22(25) 24(19) 6 10 14 14 11
25 July 73 11(31) 12(26) 16(33) 19(37) 21(24) 5 8 11 15 9
26 July 73 13(17) 13(16) 12(26) 15(21) 19(15) 5 6 10 15 15

Average 12(21) 14(23) 14(30) 18(28) 20(21) 5 8 12 17 14

*Data supplied by the California Air Resources Board and the Riverside County 
Air Pollution Control District.
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The observation that the oxidant concentration begins its rise later 

in the morning at the Los Angeles station is probably due to the persis­

tence of low level clouds close to the coast in the early morning. At the

rural stations in Banning and Palm Springs, in contrast, the oxidant
8concentrations remain above the National Air Quality Criterion 

8 pphm, at night. There are not enough nitrogen oxides in the advected 

air or local emissions of nitrogen oxides to scavenge the oxidant. The 

oxidant concentrations in Banning and Palm Springs rise sharply at 4 pm 

and 8 pm, respectively, as the smog front passes through.

Meteorological conditions during the period 23-26 July 1973 were 

typical of those occurring in Los Angeles during the summer. The winds 

were generally from the west during this period at all stations except 

Banning and Palm Springs, where easterly winds during the afternoon 

were replaced by westerly winds at night. Detailed data are given in 

Figures 8 and 9. With the switch to westerly winds, the "smog front" 

arrived and oxidant concentration increased noticeably. An analysis 

of 24 days during June and July when the "smog front" was noticeable 

shows that the peak at Banning occurs an average of 3 1/4 hours later 

than that at Riverside, and the peak at Palm Springs occurs an average 

of 2 1/4 later than that at Banning. These times are nearly equal to the 

distance between the stations divided by the average wind speed at the two 

stations. Wind measurements refer to anemometer height and averages are 

taken over three hour periods and for the two stations at either end of 

the trajectory. In Figure 3, the time delay between peak oxidant at 

Riverside and Banning is plotted against wind speed, illustrating the 

good agreement.
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In Table 2, it is seen that the peak oxidant concentration in the 

23-26 July 1973 period does not decrease much between the urban source 

areas and Palm Springs. If diffusion were the dominant mechanism 

affecting the oxidant concentration, then it would be expected that 

the oxidant concentration would decrease as the smog front flowed 

towards Palm Springs. Perhaps the oxidant concentrations remain high 

because the peak occurs in the evening when atmospheric stability is 

higher and diffusion rates are low. Or, as suggested by the USDHEW 

in its consultation report, the continual chemical production of 

oxidant proceeds at a greater rate than the diffusion.

In order to broaden the data base for these conclusions, data from 

each day of June and July 1973 were also analyzed. The results are 

summarized in Table 3.

Table 3

Time, Magnitude, and Duration of Observed Oxidant Peaks along 
the Los Angeles-Paim Springs Trajectory for June-July 1973.

Month Time (hr.) and,Magnitude (pphm, in parentheses) or Oxicant Peak Duration 
Ox. Cone. 

( hr sjl 
> 10 

of 
pppphm

LA RIV PS LA RIV PS

June 1973 not available 14(21) 17(15) not available 7 . 8 
July 1973 12(12) 14(22) 18(18) 2.5 8 12
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On some days included in this analysis, the smog front never reached 

Palm Springs, and a local oxidant peak occurred at noon. However, 

the general results in Table 3 support the conclusions based on 

the smog episode data in Table 2. Peak oxidant concentrations

occur six hours later at Palm Springs than at Los Angeles, and the 

duration of high oxidant concentrations is greater at Palm Springs.

Figures 4 through 9 contain hourly measurements of wind speed 

and direction, and concentrations of oxidants, CO, NO, and NO^ for the 

five stations during the period from 23 July through 26 July, 1973. 

Hydrocarbon concentrations were also measured at the Los Angeles and 

Pomona stations, but are not plotted because they generally were 

about one half the magnitude of the CO concentrations. The main 

purpose of including all of these data is to provide a comprehensive 

set of measurements for others to use in validating models.

Also, it is interesting to follow the concentration curves and compare 

curves for different stations.

For example, the CO and NO concentrations at Los Angeles and 

Pomona are nearly the same, even though the emissions at Los Angeles 

are reported to be almost an order of magnitude greater than those at 

Pomona. This inconsistency could be due to advection of CO from Los Angeles
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to Pomona, errors in reported emissions rates, or unrepresentative 

placement of the measuring stations. The CO concentration at Palm 

Springs tends to increase in the evening, as does the oxidant con­

centration, when the smog frontarrives. However, the NO2 peak 
at Palm Springs tends to occur in early morning, suggesting th,at 

it is a local phenomenon due to local emissions. The low NO^ con­

centration at the time of the passage of the smog front verifies the 

hypothesis that the smoggy air contains much oxidant but very little 

nitrogen oxide. Otherwise the oxidant would disappear.

There is an inconsistency in that carbon monoxide, a nearly inert 

gas, is not present in significant amounts in the air accompanying 

the smog front in Palm Springs, whereas the oxidant arrives virtually 

undepleted from its value in Los Angeles. We can conclude that oxidant 

arriving at Palm Springs is the result of chemical reactions in the 

presence of diffusion. Diffusion is sufficient to dilute the CO, 

but evidently the production of oxidant by chemical reactions balances 

the dilution by diffusion.

The relation between oxidant peak at Banning and Palm Springs 

and wind direction is strikingly illustrated by Figures 4 and 9.

For example, in Banning on July 23, when the wind direction switched 

sharply to WNW at 3 pm, the oxidant concentration jumped to 30 pphm. 

The wind then shifted to SW at 5pm, and oxidant concentration fell.
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From the wind speed traces in Figure 8, it is seen that relatively

strong winds usually mark the passage of the smog front at Banning

and Palm Springs. This is normally followed by a gradual decrease

in both wind speed and oxidant concentration.

It is evident from figures 4 through 9 that the daily cycles of

pollutant concentrations and meteorological variables are fairly

regular. The regularity of wind patterns in the Los Angeles basin
28 18is mentioned by Anderson and De Marrais et al. On this

basis the simplified wind speed record in Table 4 has been developed 

from the data in Figure 8, for use in an empirical model.

Table 4

Smoothed Component towards the East of the Wind Speed along a Trajectory 
Connecting the Five Stations in Figure 1, for the Period 23-26 July 1973.

Station

Los Angeles Pomona Riverside Banning Palm Springs

7 pm-8 am
1 m/ s;

9 am 
m/s;

7 pm-9 am 
.5 m/s;

2 am-7 am 
2 m/s;

8 am-7 pm 
-2.5 m/s;

8 am-7 pm 
3.5 m/s;

7 pm 
m/s;

9 am-7 pm 
4 m/s;

7 am-2 pm 
-1 m/s;

7 pm-1 am 
3 m/s;

2 pm-2 am 
2.5 m/s;

1 am-8 am 
1 m/s.
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The use of a smoothed wind record is justified by experience with

the application of the ATDL simple urban dispersion model (Hanna,

and Gifford and Hanna ’ ). Individual station wind records

are generally not truly representative of the integrated air flow
32 J3across a region. We find (Nappo, Gifford ) that when wind 

speeds are averaged somewhat over time and space in order to smooth 

unrepresentative observations, better agreement between concentrations 

and those calculated by means of a simple urban pollution model is 

obtained.
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3. A Simple Empirical Model for Oxidants

The oxidant patterns in Figure 2 appear so smooth and regular

that it should be possible to reproduce the curves through a simple

empirical formula. The empirical model should account for oxidant

production due to local emissions and due to advection from upwind

regions. Based on the results reported in the earlier articles by
Hanna^ the local contribution to oxidant concentration, OX^ (pphm),

is assumed to be directly proportional to the rate constant for
photochemical dissociation of NC^ (denoted by (sec ^) in most

reports) and to the square root of emissions of reactive hydrocarbons, 
3 2Q (cm /m sec), but is inversely proportional to the wind speed,RH ---

U (m/s)
1/2crl Qrh (x,t)

oxi(x't) ■ U(*,t)------ (l;

where c is a dimensional constant, determined by comparisons with data
2 1/2 -3/2to be equal to about 150 ms cm , x is location on the trajectory, 

and t is time. The constant r^ is assumed to be proportional to the sine 

of the sun's elevation angle.

The advection contribution, OX (pphm), should account for dilution

and chemical reactions. It has been shown that horizontal diffusion is not
30important in most urban regions (e.g., Gifford and Hanna, ).
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Therefore only vertical dispersion need be accounted for, and it is 

assumed that the pollutant is well mixed up to a lid at height Z(m). 

Furthermore, the expression to be proposed should satisfy the conditions 

that during the night and at the eastern end of the trajectory, chemical 

reactions are insignificant. The following expression is proposed for 

the contribution of advection to oxidant concentrations , OX^ (pphm):

0X(xq, t-(x-XQ)/U) rx(t) qrh'u"
0Xa(x,t) = Z(x,t)/Z(x , t ) 1 - 1 - ( )r^(noon) qrh 2

where U is wind speed, x-xq is the distance from one station (position xq) 

to the next downwind station (position x), and lim is the reactive 

hydrocarbon source strength at Banning and Palm Springs. The total 

oxidant concentration is given by adding equations (1) and (2) to the 

background oxidant concentration, OX^ (pphm):

1/2cr1 Q (x,t) OX(x ,t-(x-x ) /U) rx(t) QRH-lim
■ °h rb) (3)1- 1-+ -S ---- + »(,?t)/z(xo.to) r^(noon) QRH

This empirical equation was applied to the five stations in 

Southern California which are studied in this report, in an attempt 

to simulate the four day average diurnal oxidant curves drawn in Figure 2. 

Emissions given in Table 1, a sinusoidal variation of r^ with time (with 
r^(noon) = .006 sec ^), and wind speeds given in Table 4 were assumed. The 

mixing height Z was assumed to equal 200m, 300m, 450m, 900m, and 1800m
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over Los Angeles, Pomona, Riverside, Banning, and Palm Springs, 
respectively (Holzworth, 35 and U.S.D.H.E.W.1). Furthermore

a background oxidant concentration of 10 pphra was assumed for Banning 

and Palm Springs, and zero for the other stations, as suggested by the 

observations at these stations during smog episodes. The calculated 

oxidant concentration at the upwind station at time t-(x-x )/U, beginning 

with Los Angeles, was used as input to the advective portion of equation 

(3). The results of applying this model at each of the five stations are 

presented in Figures 10a through lOe (the dashed curves).

In Figure 10a, for Los Angeles, the calculated OX curve is a sine 

curve which agrees fairly well with observations at midday but exceeds 

the observations in the early morning and late afternoon. The error 

in the early morning may be due to the presence of stratus clouds 

which are not accounted for in the model. The error in the late 

afternoon is probably due to failure of the model to account satisfactorily 

for scavenging of oxidants by nitrogen oxides, which are emitted in 

large quantities in the area around this station. The agreement 

between observed and calculated curves in Pomona in Figure 10b is remarkable 

and probably somewhat fortuitous. The forms of the curves for 

Riverside in Figure 10c are similar, but the magnitude of the calculated 

concentrations is only about 50 to 60 percent of the observations- The 

calculated curves for Banning and Palm Springs in Figures lOd and lOe 

are in good agreement with the observed curves. The times of peak 

oxidant concentration are calculated to be within about one hour of

the observed times.
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We can conclude that the simple empirical model given by equation (3) 

is a good predictor of oxidant concentrations for these data. The 

model should of course be tested with other independent observations 

(as should those of all smog models). However, we can state with some 

confidence, based on the present study, that oxidant episodes in Los 

Angeles are due to local emissions, those at Pomona and Riverside are 

due partly to local emissions and partly to advection from upwind areas, 

and those at Banning and Palm Springs are almost entirely due to advection 

from upwind areas
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4. Numerical Models of Photochemical Smog.

Modeling of photochemical smog in Los Angeles has recently received

a great deal of attention, mainly due to the encouragement of the

Environmental Protection Agency. The characteristics of the models

depend upon the needs for which they were developed, EPA needs are

related to environmental legislation, implementation, planning, impact

assessment, transportation planning, and episode controls. Photochemical
3 6diffusion models were developed independently by Sklarew et al.,

25 23 24 27Roth et al., Reynolds et al., ’ Weisburd etal., and Eschenr
3 7roeder et al. Each of thes models uses a slightly different system of

approximate chemical kinetic equations. The number of chemical reactions 

accounted for ranges from about ten to about thirty. The diffusion 

methods and meteorological input to these models are relatively crude 

when compared to the methods used in the models for inert

22substances developed by, for example, Pandolfo and Jacobs and
38the very detailed model presented by Hilst et al ' In the first

group of models listed above, grid squares vhich either move with the air 

or are stationary are used, and atmospheric diffusion enters the problem 

only through a vertical diffusivity coefficient, K, and fluctuations 

in wind velocity. After considerable "tuning" of these models 

with the observations, these investigators generally can show rather 

good agreement between calculated and observed concentrations of CO,

OX, NO, NO^, and reactive hydrocarbons.
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A simpler model of diffusion of photochemical smog was suggested 

by Hanna (1973a, 1973b). In this model, the pollutants are assumed

to be well mixed throughout the volume of air passing over a grid 
square, and the basic simple model for inert pollutants,

(4)Xi

. 29is used as a normalizing factor in the model (see Hanna, and Gifford
31and Hanna ) . In equation (4) , is concentration of species i, in ppm 

3 3or cm /m , C is a dimensionless constant found to equal about 2Q0 on 

the average, and Q. is the area source emissions of species i, in 

cm /m sec. Wien the equation for the time rate of change of pollutant 

concentrations is normalized by the factor cn the right hand side of (4) , 

several dimensionless numbers are produced which describe the relative 

influence of chemical reactions, advection, and emissions on the change 

of pollutant concentration. The chemical reactions used are those sug- 

gested by Friedlander and Seinfeld, although other reactive schemes

could be used. From these dimensionless numbers, which are functions of 

emissions rate, wind speed, mixing depth, and chemical rate constants, 

it is possible to estimate the deviation of the actual concentration 

given by the equation for the time rate of change of pollutant concen- 

trantions from the equilibrium inert concentration given by equation (4).

-18-



One valid objection to the original model by Hanna for photochemical 

smog is that it can not be used for situations in which local emissions

are not strong and advection from upwind polluted areas is important,

which is exactly the type of situation described in Section 2. The

original model is accordingly modified in the following manner to

account for these processes. As before, it is assumed that horizontal

diffusion is insignificant, due to the broad extent of the emissions

region. Concentrations within boxes of length 40 km, centered nearly

over each station, are assumed uniform. A schematic drawing of the

location of the boxes is given in Figure 11. The continuity equation for
3 3the time rate of change of concentration of pollutant X^Ccm /m or ppm) 

in one of the boxes is 

9X.
ZDX =-DX i- ZUX. + Q.DX + ZDX£R. (5)9t 9x l i J J

where is the average height of the mixing layer over the grid

block, and R is the rate of change of concentration of pollutant
J

X. due to reaction j. Written in the finite difference form used 

in the numerical solution, and assuming positive U for the purpose 

of illustration, equation (5) becomes:

19



Qj_k ^k-l
Xi(k,t0+DT) = Xi(k,t()) + DT + uk-i

zk Dxzk

\ xi<k"to>'ir-+ rjRi> (6)DXZ, 3k

where DT is the time step, k is the grid block number, and t„ is 

an initial time at which all quantities are assumed to be known. As 

an example, to calculate the CO concentration in grid block 3, 

with all wind speeds U constant, the following equation would be used:

3 X2
Xco(3'to + DT) =xco(3>t0) +DT— + —Z0 « C2,t )° DXZ_

- U X (3,tft)- (7)C0 ° DXZ„

Note that for steady-state conditions with no upwind sources, this 

equation reduces to the Gifford-Hanna simple model, X = CQ/U, 

where C is equivalent to the ratio DX/Z.

In this study, the differential equation (6) is solved for the 

variable pollutants CO, NO, N02> oxidant, and reactive hydrocarbons. For 

more detailed chemical kinetics systems, additional differential equations 

would be required for other chemical substances. Many important chemical 

substances can simply be assumed to be in steady-state equilibrium.

The chemical kinetics systems used is that proposed by Friedlander and

20



39 40Seinfeld , which is based on the work by Leighton . In

Friedlander and Seinfeld's seven step scheme, oxidants are assumed to

be in steady-state equilibrium. In the present study this restriction

is removed during the night, because it is not valid then.

The partial differential equation for oxidant concentration will, I

hope, permit advection but not much chemical conversion at these stations
39at night. The reader should refer to Friedlander and Seinfeld's 

paper for details of the chemical kinetics systems.

Additonal specific conditions are imposed as follows. Noon mixing 

heights of 200m, 400m, 800m, 1600m, and 1600m are used for the five 

stations; at night the mixing depth is then assumed to fluctuate as 

a sine curve between sunrise and sunset. A time step, DT, equal to 60 

seconds, is used. To prevent computational instabilities in solving 

equation (6) for the concentration at time (t^ + 60 sec), values of 

at time and values of all other species concentrations x. at

time (tg - 60 sec) are used in R_. on the right hand side of equation (6). 

Observed initial concentration values are those for midnight on June 

22-23, 1973.

Resulting concentrations for Pomona on 23 July are shown in Figure 

12a through 12d. It is seen that agreement is fair for all pollutants, 

considering that no adjustments have yet been made in the "tunable para­

meters" such as mixing depth and rate constants. Unfortunately, the 

calculated oxidant curve misses the observed curve significantly, both 

in terms of magnitude and time of peak.
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For the stations at Banning and Palm Springs, the model results 
differ significantly from observations. With an initial oxidant 

concentration of 12pphm and initial NO and NO^ concentrations of 

1 pphm, the oxidant concentration rapidly decreases with a half 

life of about two hours. In contrast to observations, the calculated 

oxidant is almost completely eliminated by sunrise. Thus this 

system is not satisfactory for modeling smog at night in rural areas.

Since the Friedlander and Seinfeld seven-step kinetic mechanism 

has been criticized for being too short, and it does not yield very 

satisfactory results in this application,, the Systems Applications,
41 23Inc. 15 step (Roth et al, ) and 19 step (Reynolds et al, ) 

kinetic mechanisms were tested. The difference between these two mechanisms 

is that the 15 step mechanism uses only a single hydrocarbon class, while the 

19-step mechanism uses two hydrocarbon classes, based on reactivity. It is 

assumed here that hydrocarbon emissions are divided equally between the two

classes. The result of both of these applications, using equation (6), is» 

perhaps,a slight improvement over the results using the Friedlander and Seinfeld

scheme. But the most important observations from our point of view, 

namely the high background oxidant and smog front at Banning and

22



Palm Springs, are poorly simulated even by these more comprehensive 

chemical kinetics systems. In all cases the observed background oxidant 

concentration is whittled away at night to near zero in a few hours. Furthermore, 

the high oxidant concentrations associated with the smog front are not 

evident in the model, even though the front does arrive at the proper 

time, as insured by the input wind observations. Further research on

chemical reactions in smoggy atmospheres durine the night is necessary.

We plan to continue testing variations of this model. The next

step will be to use the Lagrangian or trajectory approach suggested by
37

Eschenroeder and Martinez and applied to the San Francisco
12basin by Ludwig and Kealoha • The more recent chemical 

... 42kinetic scheme proposed by Hecht et al . may be used, since this 
scheme divides the hydrocarbons into classes according to their chemical 

composition, rather than according to their reactivity. However, since 

the first three equations in the chemical kinetics system are nearly 

the same in all the models, we do not foresee much improvement over 

the results of the other models. It is wise not to spe„d too ^

time cross-checking each model with the same set of observations.

The more this is done, the more "tuning,'. ulth the large number of 

adjustable parameters in these models, is involved. The end result is 

a model which is not independent of the data set used in its validation.
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5. Conclusions

Observations of smog concentrations during the summer of 1573 in

Los Angeles, Pomona, Riverside, Banning, and Palm Springs show that 

smoggy air is often advected eastward from its source region in j^s Angeles

and Orange counties towards the more rural areas of Banning and Palm Springs. 

As a result of the interaction of sea breeze and mountain breeze effects, 

a smog front is formed which causes abrupt increases in oxidant con­

centration as it passes the rural stations. On the average, the time 

of peak oxidant concentration occurs six hours later at Palm Springs 

than at Los Angles. Oxidant episodes at Palm Springs and

Banning are almost entirely due to advection from the urban area, while 

episodes at Los Angeles are almost entirely due to strong local

emissions. At Pomona and Riverside1 both local emissions and advection 

play an important role, often resulting in days with a long duration of 

high oxidant concentrations, having a peak during mid-afternoon.

An empirical model of the diurnal oxidant variation is shown to 

agree fairly well with the observations. This model accounts both for local 

emissions and advection from upwind areas. In contrast, solutions bo 

the partial differential equations for the time rate of change of 

pollutant concentrations due to emissions, advection, vertical mixing, 

and chemical reactions, could not satisfactorily simulate the observed 

high oxidant concentrations in Banning and Palm Springs at night.
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After this work was completed, a report entitled "Comparison 

of Oxidant Calibration Procedures" by the Ad hoc Oxidant Measurement 

Committee of the California Air Resources Board (Feb. 3, 1975) was 

sent to me. This committee believes that the oxidant measurement 

reported from Riverside, Banning and Palm Springs are consistently 

25 to 30% too high. These errors do not affect the basic conclusions 

of this paper. In future work using these data, however, the 

oxidant concentrations at Riverside, Banning, and Palm Springs 

should be reduced by 25%.
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