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Abstract 

Modeling the effects of increased urban tree cover on ozone concentrations (July 13-15,1995) from Washington, DC, 
to central Massachusetts reveals that urban trees generally reduce ozone concentrations in cities, but tend to increase 
average o7one concentrations in the overall modeling domain. During the daytime, average ozone reductions in urban 
areas (1 ppb) were greater than the average ozone increase (0.26 ppb) for the model domain. Interactions of the effects of 
trees on meteorology, dry deposition, volatile organic compound (YOC) emissions, and anthropogenic emissions 
demonstrate that trees can cause changes in dry deposition and meteorology, particularly air temperatures, wind fields, 
and boundary layer heights, which, in turn, affect ozone concentrations. Changes in urban tree species composition had 
no detectable effect on ozone concentrations. Increasing urban tree cover from 20 to 40% led to an average decrease in 
hourly atone concentrations in urban areas during dayIight hours of 1 ppb (2.4%) with a peak decrease of 2.4 ppb (4.1%). 
However, nighttime (20:OO-1:00 EST) ozone concentrations increased due to reduced wind slpeeds and loss of NO, 
scavenging of ozone from increased deposition of NO,. Overall, $-hour average ozone concentration in urban areas 
dropped by 0.5 ppb (1%) throughout thc day. 0 2000 Elsevier Science Ltd. A11 rights reserved. 
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I. Introduction 

Vegetation in cities, particularly trees, can directly and 
indirectly affect urban air quality. Tree transpiration and 
tree canopies affect: (a) meteorology (air temperature, 
radiation absorption and heat storage, wind speed, rela- 
tive humidity, turbulence, surface albedo, surface rough- 
ness and consequently the evolution of the mixing-layer 
height) (e.g., Hersler et a]., 1995; Beman et al., 1997); (b) 
dry deposition of gases to the earth's surface (deposition 
velocity) {e.g., Baldocchi et al, 1987); (c) emission of 
volatile organic compounds (VOCs) that can contribute 
to the formation of ozone (0,) and carbon monoxide 
(GO) (Brasseur and Chatfield, 1991); and (d) anthropo- 
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genic emissions through reduced energy use due to Tower 
air temperature and shading of buildings. While lower 
pollutant emissions generally improvc air quality, 
lower nitrogen oxide (NO,) ernlssions, particuIarly 
ground-level emissions, may lead to a local increase in 
O3 concentrations under certain conditions due to 
reduced NO, scavenging of O3 (Rao and Sistla, 1993; 
Rao and Mount, 1994). These four impacts of vegetation, 
which lead to changes in atmospher~c chemistry and 
physics, all interact to affect ozone concentrations. 

Research integrating the cumuIative effects of urban 
vegetation on air quality, particularly ozone, is very lim- 
ited. Cardelino and Charneides (1990) modeled vegeta- 
tion effects on ozone concentrations in the Atlanta region 
using the OZTPM4 model. The study's primary focus 
was on the interaction of VOC emissions and altered 
air temperatures, and revealed that a 20% loss in 
the area's forest due to urbanization could have led 
to a 14% increase in O3 concentrations for the modeled 
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