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Abstract
This paper estimates the effect variation in air quality had on
neighborhood population growth in Los Angeles during the 1950’s
and 60’s, a period the area experienced severe ozone problems.
Regression results indicate environmental effects substantially
redistributed population spatially. Little evidence is found however
that the demographic effects persist.
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I. Introduction
Air quality in Southern California has for decades been among the poorest in the US, the most
prominent problem being ground-level ozone (Dewey, 2000; Kahn, 2000; Hagevik, 1970). Southern
California’s history of registering some of the highest ozone levels recorded in the US gives the region
its singular status.1 The Los Angeles area began witnessing episodes of extremely poor air quality in the
mid-20th century, a period in which the region was rapidly developing. This study examines how the
extremes in air quality the city of Los Angeles experienced during this period helped shape its urban
form.
This paper estimates the effect variation in ground-level ozone had on neighborhood population
growth in Los Angeles. Historical ozone data is used to estimate air quality effects in the 1950’s and
60’s, a period with peak recorded ozone levels that are not approached today. Although at the time the
long term effects of exposure to the pollutant were unknown, its short term effects, primarily respiratory,
could have deterred population. This study finds consistent evidence of this effect in both decades.
This paper focuses on the magnitude of the air quality effects. How much did the diminution of
air quality in the mid-20th century alter the distribution of population in Los Angeles? The study
compares simulated population distributions under various scenarios regarding the spatial variation in
ground-level ozone. The redistribution in population induced by the pollutant is estimated to be
substantial. A separate question is the impact Los Angeles’s environmental history has had on its current
form. If severe ozone levels during mid-century redistributed population within the city, do those effects
persist today? The tentative answer this study finds is “no”. This paper contributes to our understanding
of how environmental quality may affect the historical development of an urban area.
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The most severe air quality episode in the region since 1970 occurred in late June, 1974 with ground-level
ozone in the Upland area in San Bernardino County peaking at 0.71 ppm (Los Angeles Times, 1974). This
peak, almost ten times the EPA’s current eight-hour standard, has not, to the author’s knowledge, been reached
since in the United States.
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II. Los Angeles’s Development and Air Quality
The Los Angeles area’s topography – an inland valley bordered in the west by the Pacific Ocean and
in the east by the San Gabriel Mountains – has contributed to its environmental problems over the course
of its settled history. Pollutants that would otherwise dissipate either into the upper atmosphere or be
blown eastward would frequently get trapped by temperature inversions or the bordering mountains.
The first government ordinance implemented in the region’s modern history to address air quality was a
1905 smoke control measure by the city of Los Angeles. The city implemented a series of measures over
the following twenty-five years targeting stationary sources of episodes of ambient smoke. The
composition of the pollutant is unknown today but may not have been related to ozone, given the lack of
contemporaneous evidence of the short-term health effects related to the pollutant (SCAQMD, 1997;
Brienes, 1975). During this period the area’s air quality problems were treated largely as an occasional
nuisance.
Evidence of health symptoms typically associated with ozone exposure – stinging eyes, irritated
throat and respiratory system – were not recorded locally until the middle of the century. In 1940,
downtown Los Angeles began experiencing episodes of extremely heavy smog (Brienes, 1975; Dewey,
2000). By that time, the city had added approximately one million residents to its 1905 population of
500,000; Los Angeles County as a whole held almost 2.8 million residents. Although unknown at the
time, the area was likely experiencing accumulations of ground-level ozone that had by then represented
a continuing problem in larger urban areas such as London (Wise, 1968). The primary components of
Los Angeles’s smog and its association with automobile exhaust were not discovered until the end of the
1940’s.2 Los Angeles was by then more dependent on the automobile than many urban areas in the US
(Bottles, 1987).

In the late 1940’s, the Cal Tech biochemist Arie Haagen-Smit identified ozone as one of the primary
pollutants making up the smog that occasionally surrounded the Los Angeles area.
2
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The city of Los Angeles created its first permanent department to fight ambient pollution in 1944;
the county followed with its own in 1945. Through a number of reorganizations, the city and county
fought the smog problem initially by targeting stationary sources such as oil refining facilities, only to
witness the episodes of extremely poor air quality grow more severe. The acceptance in the 1950’s of
the science suggesting car exhaust was an important contributor to the problem compelled the local
agencies (and later the state and federal government) to redirect their attention toward automobiles. This
eventually led to car companies installing emissions control devices in automobiles in 1963, although the
area continued to suffer severe peaks of ground-level ozone for years thereafter.
III. Historical Ozone Levels
Los Angeles County began local air monitoring when it initiated its air quality alert system in 1955.
The monitored pollutants included ozone, particulate matter and sulphur dioxide. This study uses
ground-level ozone data compiled in a technical report created for the Los Angeles Air Pollution Control
District over the period 1955 to 1972 (Tiao et al., 1973). Table 1 distinguishes the data by the seven
monitoring stations in the report and illustrates the yearly mean in the recorded daily high during the five
months that make up smog season (May through September). The stations are identified by the suburban
municipality or area within the city of Los Angeles they were placed in.
The magnitudes of the recorded means in table 1 are striking. The statistics imply that in most of the
years, the typical day in Pasadena and Azusa during smog season would have triggered an air quality
alert using contemporary standards.3 Long Beach and Lennox are the only stations to record average
peak ozone levels that were not substantially above the contemporary EPA standard of 0.075 parts per
million (ppm) over an eight hour period. The EPA standard reflects current scientific knowledge on the
level in which ozone begins to adversely affect health. The statistics suggest in many areas in the
county, the average day during smog season diminished health.
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The standard triggering a first stage alert, in which people were encouraged to avoid rigorous outdoor
activity, was initially set at an ozone level of 0.50 ppm in 1955. A statewide system was implemented in 1976
lowering the standard for a first stage alert to 0.20 ppm; a 2 nd stage alert is triggered at 0.35 ppm.
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The statistics indicate the generally poor air quality persisted over the seventeen years of the data.
Air quality in Pasadena and Azusa actually deteriorated over the period, as measured by a linear trend.
The trend in the remaining areas indicate only moderate improvement. Downtown Los Angeles, whose
ozone fell on average 0.005 ppm per year experienced the most improvement; West Los Angeles’s
yearly peak levels fell by approximately half downtown’s rate. Burbank averaged a 0.00095 ppm
decline per year, which left its air quality at the end of the period essentially what it was in 1956.
IV. Environmental Effects and Persistence
Much of the research examining the demographic effects of variation in environmental quality
extract marginal willingness to pay estimates from hedonic models of the housing market (e.g. Chay and
Greenstone, 2005; Harrison and Rubenfeld, 1978; Graves et al., 1988). This study follows the research
that examines the migratory response to variation in environmental goods. This literature generally finds
variation in environmental quality is a determinant of the distribution of population. In the Superfund
site literature, Cameron and McConnaha (2006) estimates the sites deter residential location for certain
demographic groups. Greenstone and Gallagher’s (2004) larger study estimates weaker superfund
effects. Banzhaf and Walsh (2008) and Kahn (2000) find, in different contexts, that environmental
quality partially determines demographic characteristics over space. Banzhaf, using data from the Toxic
Release Inventory program, finds population and income effects at the sub-county level, while Khan
estimates air quality effects on population movements across counties in Southern California.
This study finds, as in Banzhaf, evidence of local demographic effects but looks beyond the
estimates to inquire about how the historical pattern of poor air quality in Los Angeles has played a role
in shaping the area. The period of severe ground-level ozone in the region can be considered a social
disruption which, once lifted, may have residual effects. The existence of network externalities and the
durability of housing and infrastructure are two possible reasons demographic effects may persist
(Glaeser and Gyourko, 2005; Redding et al., 2007).
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The evidence on the existence of social and economic persistence is mixed. Bleakley and Lin (2012)
studies US cities that developed as transshipment points before transportation technology such as trains
made their role obsolete. The study’s finding that many of the cities remain today as population centers
serves as an example of the long term persistence of economic effects. Brooks and Lutz (2014) finds
evidence of economic persistence within a particular urban area. The study finds a relationship between
the contemporary population distribution in Los Angeles and the spatial pattern of its long dismantled
streetcars. Evidence that disruptions are not persistent comes largely from the literature on the effect of
wars. Davis and Weinstein (2002) finds the massive bombing of Japanese cities in World War II had no
long term effect on the country’s spatial distribution of population and economic activity. Similar
evidence has been found for wartime damage in Germany and Vietnam (Brakman et al., 2004; Miguel
and Roland, 2011).
V. Empirical Specification and Variables
This study examines the contemporaneous and longer term effects environmental quality has had on
the distribution of population in the city of Los Angeles.4 Equation I below estimates neighborhood
population growth for Los Angeles over the periods 1950-60 and 1960-70. The dependent variable is the
absolute change in population by census tract over the ten-year intervals. The covariates in equation I
include air quality, 𝛄, demographic characteristics in the vector x and geographic characteristics in η.
The geographic variables are time invariant and include census tract land area and distance from the
(I)

∆𝒚 = 𝛄θ + ∆+ 𝛄φ + ∆− 𝛄λ + xψ + ηδ + ε

Pacific coast. The demographic covariates in x are census tract population, median rent, percent of the
adult population with at least a bachelor’s, and number of housing units.5 Demographic characteristics
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The study focuses on the city of Los Angeles because the air quality monitors in the county were
disproportionately placed near the more densely populated center of the urban area. The coverage of the city’s
air quality was more precise than it was for the county as a whole.
5
Household income is not included because the Census did not publish income data by census tract until the
1970 census.
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as of 1950 are used for the model determining growth from 1950 to 1960; characteristics in 1960 are
used for the subsequent decade.
This study uses data from the 1950, 1960 and 1970 Census. Intertemporal analysis involving census
tract data is complicated by the fact that the US Census changes tract definitions every decade.
Measuring population change and accounting for demographic characteristics by census tract requires
geographic consistency across census years. This study uses the Los Angeles County Union Census
Tract Data Series which reconstructs the data maintaining consistent tract definitions over 1940-90.6
Two measures are used to estimate air quality effects: the mean of the daily high ozone reading, and
the mean calculated from the highs in the three worst days of each month in terms of peak ozone. Both
air quality measures include only the months of May through September (smog season). Summary
statistics for the mean of the daily high variable are shown in table I. Data for both ozone variables were
taken from the technical report cited above (Tiao et al., 1973). The air quality covariate, 𝛄, in the
estimating equation is the ozone level at the start of the decade. The covariate for the 1960’s growth
model measures mean ozone in year 1960. The 1950’s model however uses 1956 ozone data, the year
air quality monitoring began for most of Los Angeles County. The relative ozone level at the beginning
of the period is expected to deter population growth. The model follows Banzhaf and Walsh (2008) in
also controlling for the effect intertemporal change in environmental quality has on growth. The
covariate ∆+ 𝛄 is the average yearly change in mean ozone in the neighborhoods that experienced an
increase in the pollutant over the decade; the variable otherwise equals zero. Increasing ozone levels are
expected to negatively affect population growth. The variable ∆− 𝛄 represents areas whose ozone levels
decreased over the decade; the variable is anticipated to positively affect growth.
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The data series was created by researchers at the Population Dynamics Lab at the University of Southern
California (Ethington et al, 2000).
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VI. Spatial Interaction
The unit of observation for the dependent variable in equation I is the census tract. The assumption
that the error term in the equation is iid implies the model is spaceless; deviations in population change
from predicted are randomly distributed over space. Violation of the assumption of cross-sectional
independence may produce biased parameter estimates (Case, 1992). Spatial correlation in
specifications of equation I is evaluated using Moran’s I statistic and by performing statistical tests for
spatial lag or error dependence (Anselin and Bera, 1998).
Testing for residual dependence requires modelling the relationship the spatial units have with one
another. This study calculates Moran’s I =

𝜀′𝑊𝜀
𝜀′𝜀

using a weight matrix, W, that relates census tracts by

the (inverse) distance between their geographic centers. The row-standardized matrix accounts only for
nearest neighbors; distances are measured only up to a threshold that allows for each census tract to have
at least one neighbor.7
The Moran statistics in table 2 are generated from residuals taken from regression specifications
corresponding to equation I, utilizing the alternative air quality measures.8 Across specifications, the
positive Moran estimates suggest deviations from predicted growth were spatially clustered, in both
decades. The spatial correlations, however, are much larger for the 1950’s, and are estimated with
greater statistical significance.
Table 2 also illustrates results from Lagrange Multiplier tests distinguishing between the possible
sources of spatial dependence. The LM test for spatial error dependence specifies equation I’s residual
term as, ε = λWε + ν. Rejection of the null hypothesis, λ=0, implies spatial error dependence.
Alternatively, the spatial lag test specifies the dependent variable as endogenously determined by
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The tests for spatial correlation were not especially sensitive to the specification of the weight matrix,
although evidence of spatial interaction generally weakened as the distance thresholds increased.
8
The only modification to equation I for the models producing the spatial statistics is the two covariates
indicating the change in ozone level over the decade are collapsed into one variable representing areas that
increased and decreased in ozone pollution. This was done because the GeoDa software used to generate the
statistics would not run the models with the separate covariates included.
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its own spatially weighted values, ∆𝒚 = ρ· W·∆𝒚 +…. Rejection of the hypothesis, ρ=0, produces
the inference of spatial lag dependence. In table 2, the test statistics for the 1950’s specifications
indicate spatial interaction consistent with spatial error and lag dependence, although the error
test has greater statistical significance. The 1960’s models do not indicate either error or lag
dependence.
The LM tests suggest using the spatial error model to estimate neighborhood population
change in the 1950’s. The models presented in this study include the spatial error specification
and linear regression models that follow equation I. The standard errors from the regression
models are clustered to the geographic area of the ozone monitoring stations. The air quality
covariates were constructed by assigning readings from the monitoring stations shown in table I
to the census tract the particular station was closest to. The assignments are illustrated in the map
in Appendix A.9 Unlike the remaining covariates in equation I, the unit of observation of the air
quality variable consists of aggregates of census tracts. The adjusted standard errors are
estimated assuming residual correlation within the clusters of tracts but not across clusters.
Moulton (1986) has shown that failure to account for differences in level of aggregation between
model covariates and the dependent variable may bias standard error estimates.
VII. Marginal Air Quality Effects
Tables 3, 4 and 5 report marginal air quality effects from regression models with the controls
specified in equation I. The results are presented from regressions distinguished by the air quality
variable used, the decade estimated, and by the specification of the air quality measure. The air quality
variable in Table 3 is the mean of the daily high ozone level. Table 4’s measure is the mean ozone from
the three days in each month with the highest peak level. Model I excludes, in the three tables, the
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This study uses ozone data from seven locations, including the Azusa station in northeast Los Angeles
County. No census tract in the city of Los Angeles was found to be closer to the Azusa station than any other
station. The air quality covariate is constructed using data from the remaining six stations.
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covariates measuring the change in air quality over each decade. Table 5 illustrates air quality effects for
the 1950’s produced from the spatial error specification described above.
The air quality effects estimated across specifications suggest ground-level ozone deterred
neighborhood growth in both decades. The level of ozone is consistently found to be a statistically
significant determinant of growth across specifications in tables 3 and 4. Little significant evidence is
found, however, that the within-decade change in air quality determines growth for either period. The
air quality effects estimated by the spatial models in table 5, while imprecisely estimated, also suggest an
inverse relationship between ozone level and neighborhood growth. While the specifications in table 3
and 4, producing significant effects, do not explicitly model spatial effects, the clustered standard errors
account for the effect the asymmetric levels of spatial aggregation have on statistical inference.
VIII. Magnitude of Air Quality Effects and Population Distribution
This study examines how the extreme ozone levels Los Angeles experienced during a period of rapid
development affected the spatial configuration of the area. The role ground-level ozone played in
redistributing population reflected not only its marginal effects but also the magnitude of the pollutant’s
geographic variation. The analysis below estimates aggregate air quality effects by incorporating the
actual spatial distribution in recorded ozone. The effects are examined by simulating the spatial
distribution of population under various counterfacts with respect to ground-level ozone. What would
Los Angeles have looked like in the 1950’s and 60’s had it not experienced high pollution levels?
Comparing the simulated distributions with the actual contemporary distribution of population in Los
Angeles provides information on the persistence of air quality effects.
The point estimates in table 3 suggest a 0.01 ppm increase in mean ozone decreased neighborhood
growth by roughly 49 people in the 1950’s – the effect for the 1960’s is marginally smaller. The effects
for the alternative ozone measure in table 4 are larger: an equivalent change in the pollutant decreases
growth by 95 to 105 people in the 1950’s, 122 to 149 in the 1960’s. These effects are substantial when
the spatial variation in air quality is considered: the standard deviation in table 3’s measure is 0.05 ppm,
9

the alternative measure has a standard deviation of 0.02 ppm. The point estimates suggest a standard
deviation increase in mean ozone would decrease neighborhood growth by at least 200 people in either
decade.
In table 6, population growth is simulated by assigning each neighborhood, by monitoring station,
the mean ozone recorded in downtown Los Angeles (holding constant the ozone levels in the other
stations). Downtown Los Angeles’s ozone of 0.186 ppm was the highest mean for the 1950’s model.
The simulations are made from the model I specification in which air quality is measured as the mean of
the daily high ozone (table 3). Table 6 records the difference in average census tract growth under the
actual and assigned mean ozone for each monitoring station area.
In the 1950’s, neighborhoods in each of the areas would have grown more slowly if they had
experienced downtown LA’s ozone level.10 The largest simulated effect is in the coastal neighborhoods
near the Long Beach station, whose growth would have declined by 553 residents – predicted census
tract growth falling from 708 to 155 people. The difference represents over 10% of the average tract’s
total population. Even the neighborhoods near Pasadena, whose growth is the least altered under the
experiment, is predicted to grow by 144 fewer people on average, representing just under 4% of the
average neighborhood’s total population. Ozone levels in downtown Los Angeles changed substantially
over time, falling in 1960 below the recorded mean for Burbank and Pasadena. The ozone effects,
however, remain substantial. The decrease in growth in the Lennox area of 521 residents, the largest
simulated effect, almost matches the effect in the Long Beach neighborhoods the prior decade (table 6).11
Neighborhoods near the Burbank and Pasadena stations would have experienced an increase in growth if
given downtown LA’s ozone level. The substantial increase of 274 residents for Pasadena attests to the
area having the poorest air quality in the data by 1960. The simulation suggests spatial variation in
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The map in Appendix A illustrates the assignments of census tracts in Los Angeles by monitoring station.
Lennox’s 1960 mean ozone is actually the ozone level in 1963. Data for the monitoring stations readings for
1960 were missing in the data.
11
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pollution during a period the city experienced severe ozone levels substantially redistributed the city’s
population.
The counterfact that Los Angeles experienced no variation in air quality is employed to further
examine the aggregate contemporaneous effects of ozone and the possible persistence of those effects
over time. Tables 7 and 8 record for each decade the city population distribution predicted with the
counterfact and without. The distributions are calculated by adding the neighborhood growth predicted
by the regression models to the neighborhood’s actual population at the beginning of the respective
decade. The statistics are calculated from the model I specifications in table 3 using the values of all
covariates and, alternatively under the counterfact, setting variation in ozone across stations to zero.
The two tables illustrate relationships that are consistent with the inferences drawn from the
regression model. Areas with relatively poor air quality are predicted to gain population under the
counterfact of no variation in pollution; areas with better air quality would decline. Population would
have shifted from the West Los Angeles, Lennox and Long Beach areas toward Downtown LA, Burbank
and Pasadena in both decades under the counterfact. The simulation suggests that if air quality
differences were eliminated, the Lennox and Long Beach areas would have had populations that were
more than 6% below what was predicted by the full model in each of the decades. The population loss in
West Los Angeles is smaller in percentage terms, but, partially reflecting its size, its absolute population
shift of 28,646 in 1960 is the largest loss estimated for that decade. The Pasadena area’s status as having
generally the poorest air quality during the period is reflected in its simulated population change. The
9.34% shift in the area’s population under the counterfact in 1970 is the largest predicted increase in the
data for either decade.
Inferences drawn from comparing simulated population distributions are sensitive to the full model’s
precision in estimating actual population. The regression model does not fully account for the shift in
population from downtown northward toward the area represented by the Burbank monitoring station
(Appendix A). The northeast part of the city grew substantially more than predicted – the Burbank
11

area’s 1960 population was closer to the prediction by the specification assuming no ozone variation
(table 7). The 1970 population in the downtown area was overpredicted by over 20,000. The regression
results otherwise imply that air quality differences shifted population toward neighborhoods closer to the
coast where the air was cleaner.
The persistence of air quality effects over time can be examined by comparing the contemporary
population distribution in Los Angeles to prior distributions. Table 9 compares the city’s population
distribution in 2010 to predicted distributions for 1970 generated under the counterfact and from the full
model. The empirical evidence suggests the high ozone levels in the 1950’s and 60’s altered
development patterns in the city. The question is whether the altered growth patterns remained over time
even after the ozone problem abated.12 If the ozone effects on the spatial configuration of the city did
not persist, the contemporary population distribution may more closely resemble the 1970 distribution
under the counterfact of no contemporaneous variation in ozone. The elimination of the air quality
extremes would have allowed pre-existing growth patterns in the city to reassert themselves.
Table 9 presents little evidence of persistence. Two of the three Los Angeles neighborhoods located
near the stations recording the least pollution - Lennox, Long Beach, and West Los Angeles - have
contemporary population shares that are closer to the 1970 predictions under the counterfact of no ozone
variation. The contemporary populations in Lennox and West Los Angeles are smaller than the shares
predicted by the full model in 1970; they are smaller their predicted shares under the counterfact. The
demographic effect of the advantage conferred by the two areas’ history of relatively clean air apparently
did not continue once the advantage subsided. The contemporary population share of downtown Los
Angeles, an area with a history of higher ozone levels, actually matches the predicted population in 1970
under the counterfact – suggesting the area is back where it would have been if its experience with
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Although air quality in contemporary Los Angeles does not fully reflect the assumption of the counterfact,
statistics on ground-level ozone suggest the air is substantially cleaner today. For example, in 1976 the Los
Angeles area experienced 1st stage smog alerts on 102 days. The alerts are now largely in the past; the local air
quality district has called only one alert since 1999.
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severe ozone had never occurred. The simulated relationships represent tentative evidence that
underlying growth patterns reasserted themselves over the forty year period (1970 – 2010) in which air
quality differences diminished substantially.
The neighborhoods near the Pasadena station represent the only substantial evidence of persistence
in environmental effects. The contemporary population share of 2.32% is smaller than the predicted
proportion in 1970 from the model accounting for air quality differences. The area, which experienced
the most severe ozone levels during the period, did not rebound once air quality should have become less
of a sorting mechanism. The Burbank area’s population share, closer to the 1970 prediction assuming no
ozone variation, is consistent with its greater than predicted growth in the 1950’s and 60’s. The air
quality effect apparently did not persist in the Burbank area because it was not strong initially. This
tentative evidence is in line with the literature that does not find economic disruptions are persistent
(Brakman et al., 2004; Miguel and Roland, 2011; Davis and Weinstein, 2002).
IX. Conclusion
This study examines the effect variation in ground-level ozone had on neighborhood population
growth in Los Angeles during a period when the city experienced its most severe air quality problems.
The empirical evidence suggests poor air quality deterred population growth within the city. Exercises
simulating the magnitude of the effect imply that air quality differences substantially redistributed Los
Angeles’s population in the 1950’s and 60’s. This paper looks for evidence that the estimated historical
effects persist: Can we detect evidence that contemporary spatial patterns in Los Angeles reflect the past
effects of poor air quality? The evidence suggests we cannot.
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Appendix A

The statistics are for the mean of the daily high ozone over the time span of the data.
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Table 1
Mean Daily High Ozone Level in Parts Per Million
Over Smog Season by Monitoring Station and Year
Downtown
West Los
Azusa
Burbank
Los Angeles
Lennox
Long_Beach Pasadena
Angeles
Year
1955
.186 (.017)
1956 .178 (.029) .148 (.036)
.182 (.064)
.088 (.030) .070 (.030)
.152 (.029) .128 (.049)
1957 .164 (.032) .192 (.047)
.176 (.053)
.080 (.023) .054 (.009)
.140 (.024) .104 (.039)
1958 .210 (.014) .190 (.019)
.154 (.028)
.076 (.020)
.210 (.031) .134 (.033)
1959 .182 (.032) .132 (.013)
.188 (.052)
.076 (.011)
.202 (.056) .120 (.031)
1960 .224 (.038) .186 (.038)
.166 (.020)
.088 (.008)
.224 (.052) .118 (.019)
1961 .198 (.041) .160 (.035)
.126 (.026)
.072 (.008)
.188 (.041) .112 (.024)
1962 .236 (.070) .154 (.059)
.138 (.041)
.112 (.024)
.220 (.055) .120 (.035)
1963 .152 (.029) .124 (.040)
.136 (.035)
.056 (.019) .036 (.019)
.170 (.044) .106 (.034)
1964 .216 (.038) .136 (.042)
.138 (.029)
.042 (.004) .064 (.015)
.194 (.041) .090 (.016)
1965 .206 (.058) .172 (.062)
.136 (.044)
.068 (.008) .062 (.016)
.202 (.067) .100 (.027)
1966 .224 (.059) .158 (.030)
.156 (.033)
.066 (.015) .070 (.019)
.202 (.039) .104 (.024)
1967 .234 (.065) .196 (.043)
.126 (.027)
.068 (.011) .060 (.010)
.192 (.053) .108 (.011)
1968 .202 (.033) .176 (.027)
.122 (.028)
.058 (.016) .046 (.015)
.200 (.034) .102 (.011)
1969 .238 (.064) .172 (.043)
.118 (.029)
.066 (.016) .062 (.013)
.228 (.070) .102 (.026)
1970 .254 (.055) .164 (.036)
.114 (.028)
.060 (.016) .060 (.007)
.224 (.044) .094 (.018)
1971 .194 (.059) .138 (.041)
.094 (.021)
.056 (.005) .054 (.011)
.176 (.052) .076 (.011)
1972 .174 (.034) .126 (.023)
.106 (.021)
.036 (.009) .042 (.004 ) .154 (.034) .068 (.011)
In parentheses are the standard deviations in the mean ozone level by month. The data covers only the
months of May through September for each year. Data from the Lennox station is missing from 1958 to
1962.
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Table 2
Moran’s Statistic and Tests for Spatial
Dependence for Population Growth Specifications
Air Quality Covariate: Monthly Mean of Daily High Ozone

Moran's I
Robust LM Test Statistic for:
Error Dependence
Lag Dependence

Model Covering Period:
1950-60
1960-70
0.101 [<0.001]
0.014 [0.061]
21.778 [<0.001]
5.092 [0.024]

0.094 [0.759]
1.730 [0.188]

Air Quality Covariate: mean ozone from the three days in each month with the
highest peak level

Moran's I
Robust LM Test Statistic for:
Error Dependence
Lag Dependence

Model Covering Period:
1950-60
1960-70
0.103 [<0.001]
0.019 [0.021]
21.833 [<0.001]
6.601 [0.010]

0.019 [0.890]
1.919 [0.166]

The statistics are generated from residuals taken from regression specifications
corresponding to equation I.
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Table 3
Marginal Effects of Monthly Mean of Daily
High Ozone on Population Change

Mean of Daily High – 1956

1950-60
Model I
Model II
-4934.827* -4902.616*
(1296.419) (1801.033)

Positive Δ (1956-60)

626.1582
(14226.72)

Negative Δ (1956-60)

-454.1293
(30886.66)

Mean of Daily High – 1960

1960-70
Model I
Model II

-4734.056*
(1294.082)

-4811.805*
(1002.718)

Positive Δ (1960-70)

21102.2
(20081.89)

Negative Δ (1960-70)

26723.41*
(8212.48)

* Significant at 5% level. The sample size is 709 observations for 1950’s model; 710 for the 1960’s model.
The above specifications estimate standard errors clustered to the monitoring station area. The marginal
effects are taken from regression models that include all of the covariates shown in Equation I. The ozone
covariate is the mean daily high ozone readings (May through September).
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Table 4
Marginal Effects of Monthly Mean Ozone Measured
During Three Peak Days on Population Change

Mean of High During Peak Days – 1956

1950-60
Model I
Model II
-10500.35* -9529.637
(1531.336) (3873.936)

Positive Δ (1956-60)

-41393.88
(43269.33)

Negative Δ (1956-60)

50261.1
(62772.16)

Mean of High During Peak Days – 1960

1960-70
Model I
Model II

-12217.68*
(3966.852)

-14896.34*
(3099.143)

Positive Δ (1960-70)

68722.56*
(18094.86)

Negative Δ (1960-70)

22938.86
(19559.94)

* Significant at 5% level. The sample size is 709 observations for 1950’s model; 710 for the 1960’s model. The
above specifications estimate standard errors clustered to the monitoring station area. The marginal effects are
taken from regression models that include all of the covariates shown in Equation I. The ozone covariate is mean
from the three days in each month with the highest peak level (May through September).
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Table 5
Marginal Ozone Effects on Population Change
From the Spatial Error Specification

Mean of Daily High – 1956

1950-60
Model I
Model II
-2896.572
-3119.255
(2643.504)
(8898.014)

Change 1956-60
Lambda

Mean of High During Peak Days – 1956
Change 1956-60
Lambda

-15311.41
(11895.66)
0.589*
(0.065)

0.602*
(0.064)

1950-60
Model I
Model II
-9618.756
-10734.74
(6494.161)
(8898.014)
-8047.506
(43883.50)
0.589*
0.589*
(0.065)
(0.065)

* Significant at 5% level. The sample size for the specifications is 711
observations. The marginal effects are from the spatial error model that includes all
of the covariates shown in Equation I. Spatial weights are linear distance between
census tracts. The air quality covariates are the mean daily high ozone readings and
the mean high ozone readings taken on the three highest ozone days of the month
(May through September).
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Table 6
Simulated Population Change if Neighborhood
were Given Ozone Level of Downtown Los Angeles
Predicted
Predicted
Monitoring
Los Angeles
Mean Ozone
Difference in
Mean Ozone
Difference in
Station
Census Tracts
Level 1956
Growth 1950-60
Level 1960
Growth 1960-70
Downtown
227
0.186
0.166
Burbank
172
0.148
-167.79
0.186
94.68
Lennox
57
0.088
-463.87
0.056
-520.75
Long beach
24
0.070
-552.70
0.088
-369.26
Pasadena
18
0.152
-148.045
0.224
274.58
West LA
212
0.128
-266.48
0.118
-227.235
There is no data for the Lennox station in 1960. The mean ozone level as of 1963 is used for 1960 for the
station.

Table 7
Actual and Projected 1960 Population
by Monitoring Station Area
Predicted Population 1960
Monitoring
Station
Downtown
Burbank
Lennox
Long Beach
Pasadena
West LA

Actual
Population
863,392
540,950
244,784
94,986
63,296
669,432

Full Model
862,183
533,130
243,236
97,650
66,521
669,732
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No Ozone
Variation Specified
903,019
535,212
227,049
88,703
67,094
651,376

Percent
Difference
4.74%
0.38%
-6.66%
-9.16%
0.86%
-2.74%

Table 8
Actual and Projected 1970 Population
by Monitoring Station Area
Predicted Population 1970
Monitoring
Station
Downtown
Burbank
Lennox
Long Beach
Pasadena
West LA

Actual
Population
873,947
662,509
263,775
103,687
74,020
823,190

Full Model
894,404
651,562
266,688
98,170
70,658
825,844

No Ozone
Variation Specified
915,406
683,691
242,256
91,519
77,259
797,198

Percent
Difference
2.33%
4.93%
-9.16%
-6.78%
9.34%
-3.47%

Table 9
Actual 2010 Population Distribution in Los Angeles
and Predicted Distribution in 1970
Predicted Population Distribution 1970
Monitoring
Station
Downtown
Burbank
Lennox
Long Beach
Pasadena
West LA

2010
Population
32.61%
26.99
7.90
3.41
2.32
26.77

Full Model
31.86%
23.21
9.50
3.50
2.52
29.42
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No Ozone Variation
Specified
32.61%
24.35
8.63
3.26
2.75
28.40

