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ARTICLE INFO ABSTRACT

Article history: Numerous fog studies have been conducted in the Central Valley of California since the 1980s,
Received 12 December 2013 making it one of the most studied locations in the world in terms of fog chemistry. The present
Accepted 30 January 2014 work reviews observational fog studies in the area and discusses overall chemical composition

Available online 14 February 2014 as well as spatial variability and temporal variability. Regionally there is a clear gradient in fog

occurrence with less fog and lower density (liquid water content, LWC) fog in the southern

Keywords: part of the Valley (Bakersfield) compared to more northern locations like Fresno or Davis.
Fog Chemically, fogs in the southern valley have higher solute loadings and lower pH compared to
Cloud ) more northern locations (Davis and Fresno). Overall fog chemistry is dominated in the valley
San Joaquin Valley

by the ammonia-nitric acid-ammonium nitrate system with sulfate being a rather minor
component, especially at more northern locations and in more recent years. Fog pH in recent
years is consistently higher than 5, showing an absence of acid in fogs in this region. LWC
values appear to have decreased over recent years (less dense fogs). An airport visibility
assessment of fog frequency reveals that overall dense fogs (visibility of less than 1/4 mile)
have decreased by ~50% over the last 30 years.
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1. Introduction

Fog chemistry has been studied since the beginning of the
20th century. Research intensified in the 1980s in conjunc-
tion with expanded research on acid precipitation, the role
of aqueous phase processes in acidity generation, and the
discovery of highly acid fog (Waldman et al., 1982). In the
following years, substantial progress was made in under-
standing acid formation in fog and clouds through laboratory,
field and modeling studies. Over time the focus of research
efforts shifted from acid generation to the processing of air
pollutants and studies of the organic composition of fogs,
including current work addressing secondary organic aerosol
formation through aqueous phase reactions.

Many field studies have investigated the composition of
fogs in the United States (e.g. Collett et al., 2002; Weathers

Woodland

etal., 1988; Raja et al., 2008; Ehrenhauser et al., 2012), in Asia
(e.g. Matsumoto et al., 2005; Watanabe et al., 2006; Li et al.,
2011) or in Europe (e.g. Fuzzi et al, 1992; Millet et al., 1997;
Btas et al., 2010). In terms of observational fog studies and
in particular radiation fogs, two locations were the focus
of several observational studies: Italy's Po Valley (e.g. Fuzzi
etal, 1992, 1996, 2002) and the Central Valley of California in
the United States. Both regions feature large emissions from
extensive agricultural activities and other activities associat-
ed with a dense population and both have topography and
climatological patterns that facilitate fog formation. Radiation
fog occurs commonly in both locations during winter.

The Central Valley of California is located between a
coastal mountain range to the west and the Sierra Nevada to
the east (Fig. 1). It is home to some 6.5 million people. The
valley's topography, somewhat resembling a large bathtub,
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Fig. 1. Central Valley of California with the locations of various fog studies.
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