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Exposure to lead in paint or lead residues in house dust and
soil is one of the leading environmental risks to the health of
children in the United States. Components of photochemical smog
can increase the degradation of binders in lead paint,
leading to increased release of lead pigment granules to
hands in surface contact or for deposition in house dust and
soil. This study uses photochemical air quality modeling to map
areas susceptible to increased lead paint degradation as a
result of photochemical atmospheric pollutants to prioritize areas
of concern. Typical air quality episodes in the South Coast
Air Basin of California (SoCAB) are modeled for the 1970s, 1980s,
and 1990s. Results indicate that large areas of the SoCAB
were susceptible to atmospheric-driven accelerated lead paint
degradation. Inner city urban areas from central Los Angeles
to Azusa and most of Orange County had the highest susceptibility
to accelerated lead paint degradation, followed by inland
locations near the San Bernardino Mountains. This study
identifies photochemical oxidant gases as contributors to greater
lead release from indoor painted surfaces in urban areas.

Introduction
Childhood lead exposure can lead to a number of adverse
health effects, including I.Q. loss, mental retardation, gas-
trointestinal pain, visual system deficits, impaired hearing,
anemia, lethargy, and in rare cases death (1). Children are
more susceptible to lead because they absorb lead to a greater
degree than adults and because lead disrupts normal
development. Lead exposure has long-term health effects
because it is retained in the body for long periods of time,
mainly by absorbing into the skeletal system, and can
continue to exchange with systemic circulation (1). With the
removal of lead from gasoline, the most common pathway
of lead exposure for children is from lead-containing dust
and physical contact with lead from deteriorated painted
surfaces (2, 3).

Although the U.S Product Safety Commission publicly
recognized the inherent health risks of lead paint and banned
the use of paint containing more than 0.06% lead in 1978 (4),
approximately 24 million homes in the United States contain
lead-painted surfaces that still pose a serious health concern
(5). In addition, that lead paint is still manufactured and
used in other nations of the world is of great concern for the
health of children globally (6, 7). Lead-based paint is the
most commonly cited source of elevated soil lead. Soil
collected near foundations of residences contain higher lead
concentrations than soil collected at remote locations,
indicating deteriorating lead-based paint may primarily
supply soils immediately adjacent to the painted surface (8).

A recent study (9) has shown that ozone (O3) and nitrogen
dioxide (NO2) from photochemical smog increase the deg-
radation of lead-containing paints and accelerates the release
of lead to the environment. In the current paper, experimental
data from ref 9 are combined with state-of-the-art photo-
chemical air quality modeling to map areas susceptible to
increased lead paint degradation as a result of elevated
ambient air concentrations of photochemical oxidants in
the South Coast Air Basin of California (SoCAB) between the
1970s and 1990s. Given limited resources, this study is a first
step in prioritizing areas of concern for residential risk
assessments or blood lead testing by evaluating the potential
for urban air pollution to increase risks of exposure to lead
from lead-based paints in the SoCAB.

Methods
Air Quality in Southern California. Air quality in southern
California has improved steadily from 1970 due to aggressive
implementation of air quality regulations by the State of
California and the U.S. government through the Clean Air
Act (CAA) and its amendments. Despite these efforts, air
quality in some parts of the SoCAB is among the worst in the
United States with respect to photochemical oxidants and
particulate matter (PM) due to a number of geographic and
meteorological factors. The San Gabriel and San Bernardino
Mountains form a natural barrier that enhances accumulation
of air pollutants in downwind locations like Riverside and
San Bernardino, while coastal winds keep air along the coast
relatively clean. In addition, high population density and
pollutant emissions in the area cause strong diurnal and
weekly variations in air quality.

Model Description. This study uses the University
of California Irvine-California Institute of Technology
(UCI-CIT) regional photochemical model (10) to assess typical
air quality episodes of SoCAB during the 1970s, 1980s, and
1990s. The UCI-CIT model is a comprehensive three-
dimensional chemical transport model that solves the
coupled convection, diffusion, and chemical reaction (eq 1).

where Ci is the concentration of species i, t is time, u is the
wind velocity vector, K is the eddy diffusivity tensor, T is
temperature, E and S represent the emissions and removal
fluxes of species, respectively, and R is the net chemical
production or loss. Equation 1 is solved numerically using
operator splitting techniques for gaseous and aerosol phase
species, although only gaseous species are considered here.
A full description of the numerical implementation employed
in the UCI-CIT model is presented in ref 10. Chemical sinks
and sources are accounted for with the CalTech Atmospheric
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Chemistry Mechanism (CACM), modified to include sea salt-
activated chlorine chemistry (11) and modest renoxification
(12). Renoxification accounts for the process of deposited
NOX re-entering the atmosphere through surface reactions.

The computational domain, within the dashed lines in
Figure 1, contains a large portion of the SoCAB. The
computational domain is reduced to examine only properties
developed before the banning of leaded paint or within its
phasing out period. Historical land use and development for
southern California based on 2000 census block data (13) is
used to filter out locations developed after 1979 as shown in
Figure 1 with gray highlighted areas.

The SoCAB area is typically convection dominated with
ocean-driven wind currents running west to east. The
computational domain is comprised of 994 cells with a 5 km
× 5 km surface area. The domain extends 1100 m in height
and is split into five irregular layers, although here we focus
on concentrations of NO2 and O3 at ground level.

For each decade of interest, the model simulates a three
day Thursday through Saturday episode to account for typical
weekday and weekend variations in emission patterns and
diurnal peak concentrations (14). This and many other
modeling efforts have focused on simulations of several days
duration, which is a typical time scale for individual peak O3

episodes (15). Modeling a short period allows for a more
comprehensive treatment of chemical and aerosol processes,
which results in a more robust model that will accurately
represent the air quality for each decade of interest. Cohan
et al. (16) used the UCI-CIT model to predict a similar three
day episode and found predicted weekly and diurnal varia-
tions compared well with observations.

The UCI-CIT model requires many different types of
inputs, including meteorology, chemistry parameters, dif-
fusion coefficients, emissions inventories, and boundary
conditions. While many of these parameters are unchanged
for all of the simulations investigated, emissions and bound-
ary conditions need to be adjusted to account for shifts in
the decades from the1970s through the 1990s.

Because the largest errors in photochemical modeling
are still thought to arise from the meteorological and emission
inputs to the model (17), the UCI-CIT model includes area
and point emissions, requiring a comprehensive emissions
inventory of the SoCAB. The emissions inventory used in
this study for the UCI-CIT model is based on measurements
obtained August 3-7, 1997, which have been used in the
2003 SoCAB Air Quality Management Plan. Data has been
obtained directly from the South Coast Air Quality Manage-
ment District of California. The emissions inventory includes
both weekday and weekend emissions. Boundary conditions

are based on the Southern California Air Quality Study
(SCAQS) (18) conducted on August 27-29, 1987.

Boundary conditions and emission inventories are modi-
fied for each decade with scaling factors based on total county
emissions publicly available from the California Air Resource
Board (CARB) (16). Scaling factors generated for each county
are separated into four categories by chemical species: oxides
of nitrogen, oxides of sulfur, carbon monoxide, and total
organic gases. The O3 boundary condition scaling is based
on observed yearly maximum O3 concentrations in SoCAB
also available from CARB (19).

Additionally, the peroxyacetyl nitrate (PAN) boundary
condition is modified slightly for the 1970s simulations.
Unlike other boundary conditions, the PAN boundary
condition is set to a constant proportion of the O3 concen-
tration at that boundary point. The scaling factor used to
determine the PAN boundary concentration is calibrated with
data used in the 1980s simulations and shows reasonable
agreement when applied to the 1990s data. For the 1970s
projected data, the scaling factor is doubled so the PAN
boundary concentrations are within an order of magnitude
of the concentrations reported by Grosjean (20).

Two different meteorological episodes are examined in
this study to determine the sensitivity of results to meteorol-
ogy. The meteorology prevalent during the SCAQS study is
representative of SoCAB (21); this episode represents average
meteorological conditions in SoCAB that are not considered
intense or weak. The meteorological conditions during the
SCAQS study of August 27-29, 1987, are characterized by a
weak onshore pressure gradient and warming temperatures
aloft. The wind flow is characterized by a sea breeze during
the day and a weak land-mountain breeze at night. The
presence of a well-defined diurnal inversion layer at the top
of neutral and unstable layers near the surface, along with
a slightly stable nocturnal boundary layer, facilitated the
accumulation of pollutants over the SoCAB and led to the
development of high O3 concentrations in the region.

An alternative meteorological episode observed Septem-
ber 9, 1993, was previously studied (22) to validate the CACM
mechanism. The 1993 meteorological episode is more intense
than the SCAQS 1987 meteorological episode and provides
a worst case air pollution scenario. The September 9, 1993,
episode is characterized by slow winds and slightly higher
temperatures than the SCAQS episode. In addition, the
direction of the wind is predominantly toward the eastern
desert. These conditions resulted in some of the highest O3

concentrations observed in 1993.
The 1993 episode will herein be referred to as the intense

meteorological case, and the SCAQS 1987 meteorological

FIGURE 1. Computational domain of the UCI-CIT model is shown with the dashed line. County boundaries are shown with solid
lines. Gray areas indicate land undeveloped by 1979 according to 2000 U.S. census block data.
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episode will herein be referred to as the average meteoro-
logical case. Each decade scenario is run with the intense
and average meteorology episodes to examine the influence
of meteorology on results.

Lead Paint Degradation. Edwards et al. (9) measured the
lead availability of surfaces painted with low gloss solvent
lead paint exposed to O3 and NO2 in stainless steel chambers,
using the modified NIOSH wipe method 9100 and analysis
method 7105. Lead paint degrades faster in the presence of
typical atmospheric pollutants and therefore can increase
the amount of lead made available to the environment from
painted surfaces containing lead (9).

In the above study (9), O3 and NO2 consumption in
chambers remained constant over the course of the experi-
ment; therefore, empirical constants R1 and R2 were derived
to relate the increase in the mass of additional available lead
to the time integrated exposure concentration of O3 and NO2,
respectively. These constants are expressed in terms of
additional lead mass per area (R1 ) 1.32 × 10-8 µg cm-2

ppb-1 h-1 and R2 ) 12.32 × 10-8 µg cm-2 ppb-1 h-1) and in
terms of percent increase of lead mass per area (R1 ) 1.85
( 1.11 × 10-5 % ppb-1 h-1 and R2 ) 15.19 ( 5.18 × 10-5 %
ppb-1 h-1). Lead availability is more sensitive to NO2 than
O3 exposure.

The empirical constants are used to relate the pollution-
driven lead paint degradation increase or lead availability,
LA, to the time integrated O3 concentration, IO3, and time
integrated NO2 concentration, INO2 (eq 2).

where IO3 and INO2 are in units of ppb hr and LA is in units
of % or µg/cm2, depending on the empirical constants. The
time integrated concentration is approximated with a Ri-
emann sum of 1 h average concentrations at each ground
level grid node. Equation 2 allows the calculation of the
acceleration in lead availability to the environment from a
painted surface area caused by an atmospheric episode. While
the laboratory study (9) only reported the response of lead
paint to individual pollutants, their results are superimposed
in eq 2. Preliminary chamber experiments examining the
combined effect of O3 and NO2 indicate that the superposition
presented in eq 2 under-predicts observations.

Equation 2 is used to predict the influence of atmospheric
conditions on lead paint degradation over a monthly and
annual period. The modeled three day episode is used to
scale O3 and NO2 concentrations over a four week period for
each decade from the 1970s through 1990s to approximate
a monthly integrated exposure episode. The predicted O3

and NO2 profiles for Thursday and Friday are used 10 times
each, and the Saturday profile is used 8 times, for a total of
28 days. Monthly exposures are calculated for intense and
average meteorological episodes to examine the meteoro-
logical variability.

Winner and Cass (23) evaluated the annual frequency
distribution of O3 for 1987 in southern California. In the Los
Angeles basin, 8 h peak O3 concentrations exceeded 120 ppb
37.2% of the time depending on meteorology. Because ozone
episodes occur throughout the year in Los Angeles (19), to
estimate annual increases in lead paint degradation, 37.2%
of the year was characterized as intense air quality episodes,
with the remainder composed of average air quality.

The normalized error can be propagated from eq 2 with
standard error analysis (24) to account for model and
empirical error.

where ∂ indicates the normalized or fractional uncertainty.
Using a similar regional photochemical model with daily

peak 1 h O3 concentrations of similar magnitude as the current
model, Harley et al. (15) reported the normalized errors for
O3 and NO2 as 23% and 17%, respectively. Overall uncertainty
in modeled lead paint degradation rates was (75%, with
53% attributable to uncertainty from wipe tests of lead painted
surfaces and 22% from uncertainty in modeled atmospheric
oxidant concentrations. Because uncertainty from wipe tests
of lead painted surfaces was largely dominated by variability
in wipe procedures rather than lead release rates (9), overall
uncertainty estimates likely overestimate uncertainty in lead
paint degradation rates.

Another empirical approach is to examine the time
derivative of eq 2

where LAR is the lead availability rate in units of % h-1, O3

is the O3 concentration in ppb, and NO2 is the NO2

concentration in ppb. The lead availability rate is the flux of
lead availability relative to time. Equation 4 is used to relate
directly O3 and NO2 concentrations to the rate of lead made
available from lead paint at any moment and location.

Equation 2 is used to create a risk map of lead availability
derived from paint degradation, which offers insight into the
overall effect of pollution-driven lead paint degradation, while
also accounting for diurnal, weekend versus weekday, and
meteorological variations in lead paint degradation as a result
of variability in atmospheric photochemistry. Because of the
considerable uncertainties in paint application in homes and
other sources of lead exposure, the risk maps are intended
as engineering insight to prioritize areas of concern as a result
of this mechanism as opposed to estimating absolute
concentrations for personal exposure estimates.

Results
Figure 2 shows the increase in degradation of lead-painted
surfaces as a result of exposure to ambient O3 and NO2 over
a four week period for areas built prior to the ban on lead-
based paints in 1978. Figure 2 follows the general trend of
air quality in SoCAB. Locations with large NO2 emissions
sources such as downtown Los Angeles and Riverside show
the highest lead availability. Lead availability down wind, in
places like Palm Springs, is more sensitive to O3 formation
because of deposition and transformation of NO2. The San
Bernardino Mountains form a natural eastern border that
traps air parcels, causing accumulation of O3 to the east. The
intense meteorology produces higher lead availability than
the average meteorology, which is reflected in the lead
availability contours.

Table 1 shows annual increases in lead release from lead-
based paints for the cities labeled in Figure 2 in terms of
additional mass of lead release and percent increase of lead
release. Azusa and downtown Los Angeles show the highest
increases in lead release from paint degradation, while Palm
Springs is least affected. Additionally, Los Angeles, Pico Rivera,
and Azusa were more developed by 1979 than Palm Springs,
as illustrated in Figures 1 and 2. The annual potential lead
availability from degraded paint in downtown Los Angeles
is over twice as much as that in Palm Springs for every
modeled decade, indicating significant spatial variability from
the influence of pollutants on lead paint degradation.

The lead availability produced from a monthly integrated
O3 and NO2 exposure episode is shown in Figure 3 at select
cities within the SoCAB under normal and intense meteorol-
ogy months during the different decades. There has been
considerable improvement in air quality from the 1970s
through 1990s in the SoCAB because of strong emission
standards and regulations. Lead paint degradation rates
under intense meteorology show a decrease in paint deg-
radation caused by atmospheric pollution from the 1970s to

LA ) R1IO3 + R2INO2 (2)

∂LA ) √(∂R1)2 + (∂R2)2 + (∂O3)2 + (∂NO2)2 (3)

LAR ) R1O3 + R2NO2 (4)
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1990s, except for Riverside and Palm Springs, which were
slower to develop. Under average meteorology, reductions
in lead degradation rates across decades are much less than
that observed under intense meteorology. In addition, lead
degradation rates are similar in the 1980s and 1990s, which
is the result of increased photochemical production of O3 in
the 90s, despite decreases in NOX emissions due to a nonlinear
relationship with local volatile organic compounds and oxides
of nitrogen (25).

Table 2 summarizes the results of analyzing the daily lead
availability rates in central Los Angeles, Palm Springs,
and Riverside on weekdays and weekends under average

and intense meteorology. Degradation rates are largely
influenced by location and local photochemistry. For ex-
ample, lead paint degradation rates under intense meteorol-
ogy are not significantly reduced between decades on
weekends in Palm Springs and Riverside but are reduced on
weekdays. The difference between weekday and weekend
arises as a result of the well-observed phenomenon of
increased O3 production during the weekend despite a
decrease in total emissions compared to weekdays (26). In
contrast, lead paint degradation rates in Los Angeles are
relatively similar throughout the decades on weekdays and
weekends, resulting in greater overall lead paint degradation,
largely driven by NO2 emissions from traffic.

Discussion
This study is the first step in mapping the potential for typical
local air quality to increase lead paint degradation in the
SoCAB from the 1970s through 1990s and prioritizes areas
of potential concern in older housing stock. The SoCAB has
transformed significantly from the 1970s to 1990s with
changes in land use, population, and anthropogenic emis-
sions all affecting lead availability calculations. Figure 1 shows
the superposition of historical census tract housing from the
1970s within the areas of potentially increased atmospheric-
driven lead paint degradation. The 2000 census block data
of historical progression of development in California (13)
identifies specific areas that had not been developed by 1979,
highlighted in gray in Figure 1. This data allows our study to
focus on regions that could have used leaded paint in their
development.

FIGURE 2. Predicted pollution-driven lead paint degradation increase (%) caused by monthly integrated O3 and NO2 exposure over
the South Coast Air Basin of California. Simulations of 1970s, 1980s, and 1990s are shown from top to bottom, respectively. An
average meteorology case is shown on the left, while an intense meteorology case is shown on the right. Brown areas indicate
land undeveloped by 1979 according to 2000 U.S. census block data.

TABLE 1. Pollution-Driven Lead Paint Degradation Increase by
Mass and Percent Mass Caused by an Average Annual
Atmospheric Episode for Cities in the South Coast Air Basin
of California

10-2 µg/cm2 %

city ABR 1970s 1980s 1990s 1970s 1980s 1990s

Burbank BURK 8.4 7.1 7.0 104 89 79
L.A. downtown CELA 9.7 8.4 8.4 120 104 91
Pico Rivera PICO 8.4 7.4 7.5 104 92 87
Hawthorne HAWT 8.0 7.1 4.0 99 87 58
Azusa AZUS 10.2 8.5 9.2 127 106 101
Claremont CLAR 8.4 7.7 8.3 105 97 96
Fontana FONT 9.0 8.7 9.5 113 109 107
Riverside RIVR 6.3 6.5 5.8 80 82 74
Palm Springs PLSP 3.0 3.1 3.3 42 43 35
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Los Angeles has strong nitrogen emissions and O3

production, making it more susceptible to lead paint
degradation. The lead availability contours generally show
a decrease in the lead paint degradation rates from the 1970s
through 1990s. The areas of highest lead exposure risk extend
from Los Angeles to Riverside, where there are high con-
centrations of O3 and NO2. Azusa and Fontana are statistically
within the top 2% of one month integrated lead availability
from pollution-driven paint degradation over the entire
SoCAB domain. The eastern side of the domain has relatively
good air quality with little pollution and a small change in
air quality between the 1970s through 1990s. Hence, the
eastern low-risk areas tend to see a minor improvement in
lead availability from the 1970s through 1990s, while the
western high-risk areas see a more dramatic decrease in lead
availability from the 1970s through 1990s.

Palm Springs and Riverside are two of the lowest risk
cities in SoCAB for all three periods examined, with little
total change in lead availability from painted surfaces.
These areas are downwind of the large NOX emissions, where
photochemistry and transport increase O3 production. The
impact of O3 production on lead paint degradation is reduced,
however, compared with the stronger correlated degradation
caused by NO2. Thus, the lead availability contour plots shown
in Figure 2 more closely resemble 24 h average NO2 contours
than 24 h average O3 contours, which is concurrent with the
empirical relations applied.

There is very little information about factors affecting
degradation rates of lead-based paints. A variety of household
factors may be sources of variability in lead paint degradation
such as type and formulation of paint use, thickness of
coating, paint application type, physical abrasion, and

FIGURE 3. Pollution-driven lead paint degradation increase (%) caused by monthly integrated O3 and NO2 exposure at cities within
the South Coast Air Basin of California. Average and intense meteorology scenario results are shown on top and bottom,
respectively.
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cleaning. However, these sources of variability would be
expected to be more randomly distributed spatially among
communities within Los Angeles. The current paper addresses
the spatial context of lead availability among communities
as a result of the reaction of oxidant gases. The results of this
modeling study are intended as a tool that may be used to
target efforts to evaluate blood lead levels and residential
risk assessments or inform pediatricians of the need for blood
lead testing, given the high prevalence of homes in Los
Angeles with lead-based paint. Finally, understanding the
spatial patterns of lead paint degradation may help in relating
X-ray fluorescence measurements of lead present in lead-
based paint in homes as part of risk assessments of blood
lead levels in children.

Air quality models have inherent uncertainty from dis-
cretization, truncation, and input parameters, in addition to
variability in lead paint degradation rates from laboratory
measurements (9). The numerical uncertainties from O3 and
NO2 are some of the smallest compared with organic
compounds or PM. On average, the UCI-CIT model using a
similar chemical mechanism, has been shown to produce
peak O3 concentrations that are within 23% of observational
peaks (27, 15). The lead availability relationship with
atmospheric pollutants only considers O3 and NO2 and serves
as a lower bound estimate of the potential lead made available
through pollution-driven lead paint degradation for normal
indoor leaded paint. There are many more caustic and
harmful air pollutants that are yet unaccounted for as well
as additional degradation from nonlinear combined effects
of multiple pollutants. However, O3 and NO2 do represent
two of the most abundant chemical species represented in
CACM. In addition, the current modeling reflects the
degradation of one lead-based paint formulation. There are
many different paint formulations, however, that may be
more or less affected by O3 and NO2, which are not reflected
in the current models largely because of the difficulties in
evaluating which paint formulations were applied in specific
locations. Thus, these models only reflect the potential for
increased atmospheric lead paint degradation rather than
exposure risk.

Additional uncertainties arising from model predictions
can be seen in the differences between average and intense
meteorology as well as the variability of predictions across
SoCAB. Propagated uncertainty is estimated at 75% for data
shown in Figures 2 and 3 and Table 1, with the majority of
the uncertainty related to the lead wipe test (9).

Although a principal source of high blood lead levels (8),
lead from painted surfaces represents only one lead exposure
factor. Because of historical impacts of lead emissions from
the use of lead as a gasoline additive, soil in downtown Los

Angeles has high levels of residual lead contamination (28)
that continues to be a source of lead exposure to children
and adults from direct hand-to-mouth contact and inhalation
of resuspended particulate matter. In addition to evaluating
the paint coverage in individual homes, incorporation of
historic traffic and other potential sources of lead would be
required to derive maps related to lead exposure or blood
lead levels.

Atmospheric-driven lead paint degradation is presented
under both meteorological scenarios. The intense meteorol-
ogy produces an increase in lead availability for the high-risk
areas of Azusa, Fontana, and downtown Los Angeles, and a
small increase or no change in lead availability for the low-
risk areas of Palm Springs, Riverside, and Hawthorne
compared with the average meteorology. On average, the
intense meteorology produces 8% more lead availability than
the average meteorology. Although results identify a decrease
in the potential for atmospheric lead paint degradation
between the 1970s and 1990s, actual atmospheric lead
degradation rates would decline much more rapidly reflecting
the sequential covering of lead-painted surfaces as household
surfaces were repainted, if such measurements were taken.
Although O3 and NO2 would act to increase the degradation
rates of the paint coverings, increasing the chances of peeling,
cracking, and splitting, these would not occur for a consid-
erable period after the surfaces had been repainted.

Results show a large range of potential increases in lead
availability by location in SoCAB with a maximum of 12.5%
and minimum 5 orders of magnitude lower over a one month
period. There is no known safe level of lead in blood, especially
for children (29), and the quantitative relationship between
increased lead availability from lead-based paints and blood
lead levels is unknown. However, increased availability of
lead residues from painted surfaces would be expected to
cause increases in blood lead levels in children with similar
activity patterns and lead sources in the home and may be
a factor in explaining the higher rates of lead poisoning in
urban areas.

Finally, these results demonstrate the interaction and
superposition of environmental risk factors in urban areas
as areas with poor air quality amplify the additional health
concern of lead paint degradation in addition to health
impacts of poor air quality itself. This is of particular concern
for low-income inner city neighborhoods that would be
expected to repaint less frequently and may be a factor in
the increased lead poisoning in marginalized populations
(5).

TABLE 2. Summary of Daily Predictions of Pollution-Driven Lead Paint Degradation Rates caused by O3 and NO2 Exposure at
Select Locations across the South Coast Air Basin of California

1 h daily average (( standard deviation) lead availability rate (10-3 % h-1)

average meteorology intense meteorology

weekday weekend day weekday weekend day

Los Angeles 1970s 10.6 ( 2.6 10.8 ( 1.4 15.1 ( 6.0 15.7 ( 2.4
1980s 9.9 ( 2.2 9.8 ( 1.3 14.0 ( 5.6 13.9 ( 2.3
1990s 10.0 ( 2.8 10.1 ( 2.9 13.4 ( 4.1 14.3 ( 5.5

Palm Springs 1970s 10.6 ( 1.5 3.5 ( 0.8 15.1 ( 1.0 7.1 ( 3.0
1980s 4.5 ( 1.3 3.6 ( 0.7 6.0 ( 1.0 7.1 ( 2.4
1990s 3.9 ( 1.2 4.0 ( 1.0 5.9 ( 1.5 9.2 ( 2.3

Riverside 1970s 10.6 ( 3.0 6.4 ( 2.8 15.1 ( 3.4 9.6 ( 3.9
1980s 9.0 ( 2.5 8.9 ( 5.1 8.8 ( 3.3 10.8 ( 5.5
1990s 9.8 ( 2.6 6.3 ( 2.7 9.6 ( 1.7 8.1 ( 2.9
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