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ABSTRACT

Data obtained from the extensive mesoscale anemometer network established during the New York
University Urban Air Polution Dynamics Program were used to study the effects of New York City on
frontal movement. Frontal position and movement were determined using sequential hourly streamline
and isotach analyses of the flow through the New York City metropolitan area.

Results showed that frontal movement during nonheat-island periods was retarded significantly over
the entire central urban area. The retardation was probably due to the increased surface frictional drag
exerted on the front by the increased surface roughness of the city as compared to that of its surrounding
environs. During periods with well-developed urban heat islands, the results showed a retardation in frontal
speed over the upwind half of the city, followed by a significant acceleration of the front over its downwind

half.

1. Introduction

Effects of New York City on regional flow patterns
have been investigated using observational data (Born-
stein and Johnson, 1977) and numerical simulations
(Bornstein, 1975). These studies have demonstrated
that wind speeds over New York City are decreased
below (increased above) values observed in regions
outside of the city during periods with high (low)
regional wind speeds. The decrease in speed was at-
tributed to increased values of the surface roughness
parameter in the city, as compared to values in nearby
non-urban regions. The increase in speed was the result
of horizontal pressure gradients associated with an
urban heat island, which develops during periods of
low regional wind speed. During these periods the
maximum speed near the surface is located near the
downwind urban edge due to the effects of advection.
Thus, these studies have shown that there exists a
critical synoptic-scale wind speed (~4 m s!) which
determines whether the roughness or heat island effect
will predominate during a specific period.

The current study demonstrates that the urban—
synoptic interaction also works in the reverse direction.
In particular, it indicates that the urban area of New
York City is capable of retarding the movement of
synoptic-scale fronts as they pass from the relatively
smooth non-urban areas around the city to the rougher
central urban area. It also demonstrates that during
periods of well-developed urban heat islands, synoptic-
scale fronts are accelerated as they pass over the city.

2. Data

The effects of New York City (NYC) were investi-
gated because of the availability of the NYC data
set described by Bornstein et al. (1976). Since Oke
(1972) has demonstrated that urban-rural temperature
differences have a linear relationship with the common
logarithm of the population of an urban area, the heat
island of NYC should have a large effect on frontal
movement compared to other cities.

One problem with the New York area is its varied
topography, which includes water surfaces, open
country, built-up areas, and in the northwest, high-
lands with elevations ranging to heights up to 165 m.
However, wind analyses were not attempted either
in the highlands or over the water southeast of the city.

A mesoscale network of anemometers was estab-
lished in and around New York City as part of the
NYU/NYC Air Pollution Dynamics Project of 1964-68
(Davidson, 1967). This network (Fig. 1) consists of 97
sites located in a rectangle centered on the west side
of midtown Manhattan and 220 km long in the east-
west direction and 110 km long in the north-south
direction. Data from the network were used to study
the effects of synoptic features on mesoscale flows
(Scudder, 19635), mesoscale trajectories (Druyan,
1968), and urban-rural wind velocity differences
(Bornstein and Johnson, 1977).

Wind data collected from each of the sites were
averaged over 1 h, centered on the hour, except for
data from airport, military and Coast Guard stations,
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