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Abstract
Dense fog appears to be decreasing in many parts of
the world, especially in cities. An earlier study
showed that dense fog (visibility < 400 m) was
disappearing in the urban southern California area as
well. It showed that the decrease in dense fog events
could be explained mainly by declining particulate
levels, Pacific SSTs, and increased urban warming.
Dense fog is most prevalent along the coast and
decreases rapidly inland. Using hourly data from
1948 to the present, we looked at the relationship
between fog events and contributing factors in the
region and trends over time. The relationship
between the occurence of dense fog to the phase of
two atmosphere–ocean cycles: the Pacific Decadal
Oscillation (PDO) and the Southern Oscillation In
addition, the influence of the urban heat island and
the amount of suspended particulate matter were
assessed. Results show a decrease in the occurrence
of very low visibilities (<400 m) at the stations in
close proximity to the Pacific Ocean. Occurrence of
the frequency of low visibilities at these two
locations was highly correlated with the phase of the
PDO. A downward trend in particulate
concentrations coupled with an upward trend in
urban temperatures were associated with a decrease
in dense fog occurrence at both LAX and LGB.
While examining data from LAX, we saw a
frequency of dense fog that reached over 300 hours
in 1950, but occurrence was down to zero in 1997.
Since 1997, there has been a bit of a recovery with
both 2008 and 2009 recording over 30 hours of dense
fog each. In the present study, we examine the
relationships that control the frequency of dense fog
(visibility < 400 m) in coastal southern California.
To remove urban influence, we also included
Vandenberg Air Force Base, located in a relatively
sparsely populated area. While particulates, urban
heat island and Pacific SSTs are all contributing
factors, we now speculate on the direct and indirect

influences of climate change on continued decreases
in dense fog. Case studies of local and regional
dense fog in southern California point to the
importance of strong, low inversions and to a lesser
contributor, Santa Ana winds. Both are associated
with large-scale atmospheric circulation patterns,
which have changed markedly over the period of
study.
1. INTRODUCTION
The coast of California is well known as a foggy
place. During the warm season, the semi-permanent
Pacific high pressure remains off the California coast.
The clockwise circulation around this high results in
the California Current and upwelling of cold water
close to the coast. Although the upwelling is
strongest farther north, where summer water
temperatures usually remain around 11 °C to 12 °C,
temperatures remain relatively cold at latitudes well
to the south including the Los Angeles area. Moist,
relatively warm air moving over the cold water is
chilled to its dew point, resulting in the formation of
sea fog. This sea fog typically rises as it moves
inland forming a low stratus deck. The density and
horizontal coverage of fog and low clouds is
negatively correlated with the sea surface
temperature (Norris and Leovy, 1994). Usually, only
the immediate coastal regions experience dense fog
conditions. Even there, because of the generally
large fog droplet size (resulting from the large
condensation nuclei available over the ocean) very
low visual ranges are rare. The main type of fog in
the cool season is advection-radiation fog (Byers,
1959). Typically fog-free marine air moves inland,
and frequently after the wind changes direction to an
offshore component, advection-radiation fog forms.
Because of the smaller fog nuclei available, this type
of fog tends to produce lower visibility than
advection fog (sea fog) (Leipper, 1994). October
through February are characterized by a relatively

high frequency of low visibility (<400 m) at both
coastal Los Angeles (LAX) and Long Beach (LGB)
International Airports (Baars et al., 2002). This is
also the season of lower inversion heights which are
necessary for dense fog formation (LaDochy and
Behrens, 1991).
In the present study, we examine the relationships
that control the frequency of dense fog in coastal
southern California. While particulates, urban heat
island and local SSTs are all contributing factors, we
now speculate on the direct and indirect influences of
global warming on continued decreases in dense fog.
Case studies of local and regional dense fog in
southern California point to the importance of strong,
low inversions and to a lesser contributor, Santa Ana
winds. Both features are controlled by large-scale
atmospheric circulation patterns.

NCDC for the period of the study. Monthly and
annual particulate air pollution data was recorded as
total suspended particulates (TSP) from 1966 to 2008
from the South Coast Air Quality Management
District (SCAQMD). Monthly Pacific climatic
indices, Pacific Decadal Oscillation (PDO) and
Southern Oscillation Index (SOI) were downloaded
from Mantua (2010) website and NOAA (2010)
website, respectively, for the 1948-2009 period.
Simple linear regressions and Pearson correlations
were calculated between annual totals of hourly and
daily dense fog occurrences at LAX and LGB and
contributing variables- annual PDO and SOI values,
downtown Los Angeles annual TSP amounts, mean
monthly and annual temperatures at LAX and
downtown Los Angeles, and annual sea surface
temperatures (SST) at Santa Monica Pier. Fog
frequencies at LAX and LGB were also examined for
trends. For comparisons, fog frequencies were also
examined for BUR and downtown Los Angeles. As
expected, dense fog frequencies were higher at
locations near the ocean (Fig. 1).

3. RESULTS

Fig. 1. Study area-Los Angeles Basin with average
annual days with fog (visibility < 1km).

Table 1 shows the average annual number of hours
visibility was less than 400 m at various Los Angeles
Basin locations over the study period, 1948-2008.
Data for downtown Los Angeles (CBD) were only
available for the two periods noted, although the
station has been moved since 1999. Data for
Burbank were not available for the first part of 1998
and therefore 1998 were omitted.

2. DATA AND METHODOLOGY
Visibility and significant weather is recorded hourly
at the three airport stations in the coastal plains of the
Los Angeles Basin, LAX, LGB and BUR (Burbank
International Airport). Dense fog is recorded when
visibility is less than ¼ mile (<400 m). Hourly
visibility were recorded for both LAX and LGB from
1948-2009 from the National Climate Data Center,
NCDC. From the mid-1960s through June 1999,
downtown Los Angeles had automatic weather
observations without visibility observations, resulting
in visibility data being available only for the
complete years 1961-1964 and 2000-2004. Burbank
Airport had hourly data from 1982 through 2004,
with missing data for the first half of 1998. Monthly
mean, max and min temperatures for LAX and
downtown Los Angeles were also obtained from

Table 1. Average annual hours visibility
(excludes 1998 for BUR)______
LAX 1948-2008
74
LGB 1948-2008
109
LAX 1982-2008
27
LGB 1982-2008
39
BUR 1982-2008
7
CBD 1961-1964
10
CBD 2000-2004
3____

< 400m

There has been a significant decrease in dense fog
hours at all locations studied in the Los Angeles
Basin. Most notable are the two coastal airports,
LAX and LGB (Figs. 2 and 3).
Dense fog
disappeared completely in 1997 at both stations, but
rebounded somewhat in more recent years.

3.1 Air-sea interactions and their influence on fog
Frequencies
Previous studies found that coastal sea surface
temperatures and Pacific climatic indices, such as
The El Niño Southern Oscillation (ENSO) and the
Pacific Decadal Oscillation (PDO) influence southern
California weather and climate, including dense fog
frequencies. While ENSO, as quantified by the
Southern Oscillation Index (SOI), was only weakly
correlated to dense fog, annual PDO values explained
over 34% of the variance seen in the amount of dense
fog (p<.001) at LAX and 18% of the variance at LGB
(p<.05) (Witiw and LaDochy, 2008). The fact that
the study period overlaps with mostly 1 cycle of the
PDO from 1948 to 1997 is not trivial, although more
cycles would make the analyses more rigorous. As
noted by Mantua (2010), the PDO shifted from a cool
phase to a warm phase at about 1977. During cool
phases of PDO there are more numerous La Niña
episodes and less El Niños, while the opposite occurs
during the warm phase. Dense fog frequencies
decrease during El Niño events (LaDochy 2005) and
disappeared during the 1997-98 major El Niño event.
In the same study, annual sea surface temperatures
recorded along the coastline at Santa Monica Pier
were found to be highly significant at explaining
LAX dense fog frequencies (p<.001) and at LGB
(p<.001) for the years 1950-2001.

of the 1960s by the end of the century. The last
decade, 1999-2008, was the cleanest of the record.
Witiw and LaDochy (2008) found TSP to be highly
significant in explaining hours of dense fog
variability with R2 =.343 for LAX and .319 for LGB.
As TSP levels continue to fall, there are less
condensation nuclei available for fog droplet
formation. Using multiple regression analyses, the
authors showed that the combined effect of TSP and
PDO index increased the variance in fog hours
explained to 36% at LAX and 33% at LGB for the
years 1966-2004.
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Fig. 3. Dense fog trends at Long Beach International
Airport, 1948-2008.
3.3 Urban heat island influence

Hours visibility <400 m at LAX

The temperature trend for downtown Los Angeles
shows marked warming over the study period,
moreso for Tmin than Tmax. Comparing downtown
temperatures with annual days of dense fog,
LaDochy (2005) found correlations between annual
average temperatures and dense fog highly
significant. As temperatures increased, dense fog
frequencies decreased. PDO values and coastal SSTs
also correlated highly with Los Angeles temperatures,
while all three variables correlated inversely with
TSP.
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Fig. 2. Dense fog trend at Los Angeles Int. Airport,
1948-2008.
3.2 Particulate air pollution influence
Annual TSP data for downtown Los Angeles was
available from 1966 to 2008 (SCAQMD 2009). The
trend indicates a significant decrease throughout the
period (p<.001), dropping to less than half the values

In order to test whether factors besides urban heating
and particulates are influencing decreasing fog, we
are also looking at dense fog frequencies at
Vandenberg Air Force Base, approximately 130
miles (210 km) northwest of downtown Los Angeles
near the central California coast. While Vandenberg
is far from urban influences, it has a different fog
regime, with most fog coming in the summer months,
while the Los Angeles area shows a winter maximum.
Preliminary data show some slight decreasing

tendencies. This may, however, be an artifact of how
visibilities are calculated using automated sensors
versus humans and should be examined more
thoroughly. Data were incomplete from the mid1970s to the mid 1990s when automated observing
began.
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4. DISCUSSION
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In this study we continue to explore the relationships
between atmospheric and oceanic variables and the
trend in decreasing Los Angeles area’s dense fog
frequencies. While urban warming and decreasing
pollution are definite contributors, there are also
influences coming from the Pacific. PDO values,
which may be shifting back into the cool (negative)
phase, may nudge fog frequencies higher in the
coming years. However, other large-scale influences,
particularly global warming, may lead to the opposite,
a continuation of decreases.
Dense fog is associated with strong, low inversions
over coastal California (Leipper, 1994). Recent
trends show that inversion strength has decreased
over the last few decades (1960-2007) and that
inversion frequencies vary partly in association with
SSTs along the California coast (Iacobellis et al.,
2009). This would explain one of the mechanisms
linking rising SSTs with decreasing dense fog.
Hughes et al., (2009) found that Santa Ana events
declined over 30% over the period 1959-2001. They
believe that differential warming, that is more rapid
warming inland than over the ocean, would make
conditions less favorable for these offshore wind
events. Santa Ana events are often followed by
dense fog, such as on Feb. 7, 2007, when several
stations in southern California recorded visibility at
0.0 miles. This followed a strong Santa Ana event.
Several trends in climatic variables, many driven by
climate change, point to decreasing dense fog
frequencies in the Los Angeles region. If the same
trend is occurring along the entire west coast, this
may become another important positive feedback in
enhancing global warming.
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