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ABSTRACT

Temporal changes in the spatial distribution of sulfur dioxide concentrations in New York City resulting
from the passage of sea breeze and synoptic fronts were studied using data from the New York University/
New York City Urban Air Pollution Data Set. Results show that upwind portions of New York City ex-
perience decreasing concentrations with the passage of sea breeze fronts, while downwind portions ex-
perience increasing concentrations. Synoptic fronts produce increasing concentrations in the less ur-
banized areas to the east and west of Manhattan and decreasing concentrations in Manhattan. The one
synoptic front which moved extremely slowly showed extreme frictional retardation and produced the

opposite effects on the concentration field.

1. Introduction

Synoptic fronts were found by Loose and Born-
stein (1977) to be significantly retarded as they
moved over New York City (NYC) due to its in-
creased surface roughness. When a stationary cold
front oscillated over NYC, Nudleman and Frizzola
(1974) found pollutant concentrations increased due
to the advection of polluted air back and forth over
the city. ‘

The inland passage of sea breeze fronts is usually
accompanied by a wind shift, temperature decrease
and increase in dew point. These characteristics
were noted by Edinger (1959, 1963) in Los Angeles,
by Fosberg and Schroeder (1966) in San Francisco,
by Johnson and O’Brien (1973) on the rural Oregon
coast, and by Simpson er al. (1976) on the coast of
England.

Similar observational studies were carried out in
the urban New York City area by Frizzola and Fisher
(1963) who showed that when the prevailing large-
scale synoptic flow reinforced the sea breeze, it
began early and penetrated quickly. However, if the
gradient flow opposed the sea breeze, it began later
in the day, and as it moved inland, took on the
characteristics of a cold front. Opposing gradient
flows with speeds > 10 m s~! were found sufficient
to inhibit inland penetration of sea breeze fronts.

Sea and lake breeze effects on pollutant concen-
trations have received significant attention in recent
years, with an up to date summary of pollutant
transport and diffusion in coastal environments
presented by Lyons (1978). Sea breeze circulation
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cells were found by Hewson and Olsson (1967) to
recirculate air pollutants back over their sources, as
polluted air first carried inland and upward by the
near surface sea breeze flow is then carried out
to sea in the return flow layer aloft. The subsequent
sinking of this air leads to its again being caught
up in the near surface sea breeze flow. This phe-
nomenon was described in a general manner by
Hewson and Olsson (1967), while a detailed case
study of the phenomenon, using tetroon derived
trajectories, was provided by Lyons and Olsson
(1972, 1973). A similar effect was found in the San
Fernando convergence zone (formed by opposing
sea breezes) by Edinger and Helvey (1961).

The present research uses data from the New
York University/New York City Urban Air Pollution
Project to investigate temporal and spatial distribu-
tions of sulfur dioxide resulting from passages of
sea breeze and synoptic fronts. Preliminary results
from this study have presented by Bornstein,
Fontana, and Thompson (1978, 1979)"2 and Thomp-
son and Bornstein (1979).3
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