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ABSTRACT

Differences in the temperature fields through the lowest 700 m of the atmosphere in and around New
York City during the hours near sunrise are analyzed. Data were obtained by an instrumented helicopter on
42 predetermined test mornings from July 1964 to December 1966.

Results show urban surface temperature inversions to be less intense, and far less frequent, than those
in the surrounding non-urban regions. A high frequency of weak elevated inversion layers at an average

height of 310 m was observed over the city.

The average intensity of the urban heat island, i.e., urban temperature excess, was a maximum near the
surface and decreased to zero at 300 m. On mornings with relatively strong urban elevated inversion layers
the heat island extended to well over 500 m. For more than two-thirds of the test mornings there existed an
elevated “cross-over layer” in which rural temperatures were higher than urban temperatures. The mag-
nitude of the cross-over effect was less than that of the heat island effect.

1. Introduction

As part of a larger research project in urban air
pollution dynamics, described by Davidson (1967),
detailed observations of the temperature structure over
the New York City area were obtained by the Sign-X
Laboratories of Essex, Conn. An instrumented heli-
copter was flown on 34 predetermined mornings from
July 1964 to December 1966 during the period from
2 hr before to 2 hr after sunrise. In addition, Sign-X
made similar observations during eight additional
mornings in 1966 as part of a plume rise project
for Consolidated Edison (Simon and Proudfit?). The
purpose of the present paper is to describe the charac-
teristics of the horizontal and vertical temperature
distribution in and around New York City.

2. Background
a. Physical basis of the urban heat island

A schematic representation [after the manner of
Munn (1966)7] of the energy balances in rural and urban
regions is shown in Fig. 1. In rural regions a net daytime
gain of energy through radiation at the earth-atmo-
sphere interface results in a turbulent transfer of heat
QOr to the atmosphere, conduction of heat Q¢ into
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the surface, and evaporation Qgz. During the night a net
loss of energy through radiation in rural regions at the
interface results in decreased evaporation or condensa-
tion, turbulent transfer of heat from the atmosphere,
and conduction of heat from the ground.

In a city, modifications of the above energy balance
can result from any or all of the following: 1) furnace
heating, 2) limited amounts of surface moisture, 3)
urban structures, and 4) atmospheric pollution.

The reduced surface moisture decreases the energy
Qgr used for evaporation, thus increasing the energy
transferred to the atmosphere (Qx) and to urban
surfaces (Qg). Nevertheless, daytime temperatures of
urban surfaces can remain lower than those of rural
surfaces, due to the large heat capacity and high heat
conductivity of urban building materials. These thermal
properties prevent rapid cooling after sunset and rapid
warming after sunrise, but allow the storage of large
amounts of solar energy Q¢ and furnace heat Q.

Kratzer (1957) estimated the total energy released by
combustion in Berlin as one-third of the energy received
from direct solar radiation. As part of the urban air
pollution dynamics project, it has been calculated that
the annual production of heat by combustion in New
York City is 2.8X10' cal. Residential and utility
sources account for 77%, of the total, with industry,
motor vehicles and ships contributing the remainder.

Combustion during winter in Manhattan releases
2509 more heat than the 0.114 cal cm™2 min—* which
London (1957) calculated as reaching the surface from
the sun. By comparison, combustion during summer is
only one-fifth of the winter value, while insolation in-
creases by a factor of three.






