TREEL
MANAGEMENT TO

David J. Nowak

INTRODUCTION

Urban areas currently occupy 3.5% of the conterminous
United States and contain approximately 80% of the
U.S. population (Dwyer et al., in press). Many urban
areas often have relatively poor air quality that impacts
human health. Because of their close proximity to peo-
ple and numerous emission sources, urban trees affect
local and regional air quality. With proper species selec-
tion, design, and management, urban trees can help
improve air quality.

URBAN TREE
EFFECTS ON AIR QUALITY

There are four main ways in which urban trees affect
air quality (Nowak, 1995):

Temperature reduction and other

microclimatic effects

Removal of air pollutants

Emission of volatile organic compounds and tree
maintenance emissions

Energy effects on buildings

Temperature Reduction. Tree transpiration and tree

heat storage, wind speed, relative humidity, turbulence,
surface albedo, surface roughness and consequently the
evolution of the mixing-layer height. These changes in
local meteorology can alter pollution concentrations in
urban areas (Nowak et al., 1998). Reduced air tempera-
ture due to trees can improve air quality because the
emission of many pollutants and/or ozone-forming
chemicals are temperature dependent. Decreased air
temperature can also reduce ozone formation.

Removal of Air Pollutants. Trees remove gaseous air
pollution primarily by uptake via leaf stomata, though
some gases are removed by the plant surface. Trees
also remove pollution by intercepting airborne particles.
The intercepted particle often is resuspended to the
atmosphere, washed off by rain, or dropped to the
ground with leaf and twig fall (Smith, 1990).

STPECIES SELECTION,
IMPROVE AR QQUALITY

canopies affect air temperature, radiation absorption and |
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Consequently, vegetation is only a temporary retention
site for many atmospheric particles.

In 1994, trees in New York City removed an estimat-
ed 1,821 metric tons of air pollution at an estimated
value to society of $9.5 million. Air pollution removal by
urban forests in New York was greater than in Atlanta
(1,196 t; $6.5 million) and Baltimore (499 t; $2.7 mil-
lion), but pollution removal per m2 of canopy cover was
fairly similar among these cities (New York: 13.7
g/m2/yr; Baltimore: 12.2 g/m2/yr; Atlanta: 10.6
g/m2/yr) (Nowak and Crane, in press). These standard-
ized pollution removal rates differ among cities

| according to the amount of air pollution, length of in-

leaf season, precipitation, and other meteorological
variables. Large healthy trees greater than 77 cm in
diameter remove approximately 70 times more air pollu-
tion annually (1.4 kg/yr) than small healthy trees less
than 8 cm in diameter (0.02 kg/yr) (Nowak, 1994).

Air quality improvement in New York City due to
pollution removal by trees during daytime of the in-leaf
season averaged 0.47% for particulate matter, 0.45%
for ozone, 0.43% for sulfur dioxide, 0.30% for nitrogen
dioxide, and 0.002% for carbon monoxide. In urban
areas with 100% tree cover (i.e., contiguous forest

stands), short-term improvements in air quality (one
- hour) from pollution removal by trees were as high as

15% for ozone, 14% for sulfur dioxide, 13% for partic-
ulate matter, 8% for nitrogen dioxide, and 0.05% for
carbon monoxide (Nowak and Crane, in press).

Emission of Volatile Organic Compounds (VOCs).
Emissions of volatile organic compounds by trees can
contribute to the formation of ozone and carbon
monoxide. However, in atmospheres with low nitrogen

| oxide concentrations (e.g., some rural environments),
VOCs may actually remove ozone (Crutzen et al., 1985;
Jacob and Wofsy, 1988). Because VOC emissions are

temperature dependent and trees generally lower air
temperatures, increased tree cover can lower overall

- VOC emissions and, consequently, ozone levels in

urban areas (Cardelino and Chameides, 1990).
VOC emission rates also vary by species. Nine gen-

. era have the highest standardized isoprene emission

rate (Geron et al., 1994; Nowak et al., in review), and
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