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Urban vegetation can directly and indirectly affect locd and regiond ar quality by dtering the urban
amospheric environment. The four main ways that urban trees affect air qudity are’

Temperature reduction and other microclimetic effects

Remova of ar pollutants

Emission of volatile organic compounds and tree maintenance emissons

Energy effects on buildings

Temperature Reduction: Tree trangpiration and tree canopies affect air temperature, radiation
absorption and heat storage, wind speed, rlative humidity, turbulence, surface albedo, surface
roughness and consequently the evolution of the mixing-layer height. These changesin loca meteorology
can dter pollution concentrations in urban areas”. Although trees usually contribute to cooler summer air
temperatures, their presence can increase air temperatures in some insdances”. In areas with scattered
tree canopies, radiation can reach and heat ground sufaces; at the same time, the canopy may reduce
atmospheric mixing such that cooler ar is prevented from reaching the area. In this case, tree shade and
transpiration may not compensate for the increased air temperatures due to reduced mixing’. Maximum
mid-day air temperature reductions due to trees are in the range of 0.04°C to 0.2°C per percent canopy
cover increase”. Below individua and smdl groups of trees over grass, mid-day air temperatures at 1.5
m above ground are 0.7°C to 1.3°C cooler than in an open ared. Reduced air temperature due to trees
can improve air quality because the emisson of many pollutants and/or ozone-forming chemicas are
temperature dependent. Decreased air temperature can aso reduce ozone formation.

Removal of Air Pollutants: Trees remove gaseous ar pollution primarily by uptake vialeaf someata,
though some gases are removed by the plant surface. Once insde the leef, gases diffuse into intercellular
spaces and may be absorbed by water films to form acids or react with inner-leaf surfaces’. Treesdso
remove pollution by intercepting airborne particles. Some particles can be absorbed into the tree,
though most particles that are intercepted are retained on the plant surface. The intercepted particle
often is resuspended to the atmosphere, washed off by rain, or dropped to the ground with leaf and twig
fdl®. Consequently, vegetation is only atemporary retention site for many atmaospheric particles.

In 1994, treesin New Y ork City removed an estimated 1,821 metric tons of air pollution & an
estimated vaue to society of $9.5 million. Air pollution remova by urban forestsin New Y ork was
gregter than in Atlanta (1,196 t; $6.5 million) and Batimore (499 t; $2.7 million), but pollution removd
per n¥ of canopy cover was fairly similar among these cities (New Y ork: 13.7 g/nf/yr; Batimore: 12.2
g/intlyr; Atlanta: 10.6 g/nlyr)". These standardized pollution removal rates differ among cities
according to the amount of air pollution, length of in-leaf season, precipitation, and other meteorologica
variables. Large hedthy trees greater than 77 cm in diameter remove approximately 70 times more air
pollution annualy (1.4 kg/yr) than small hedlthy treesless than 8 cm in diameter (0.02 kglyr)*.

Air qudity improvement in New Y ork City due to pollution remova by trees during daytime of the
in-leaf season averaged 0.47% for particulate matter, 0.45% for ozone, 0.43% for sulfur dioxide,
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0.30% for nitrogen dioxide, and 0.002% for carbon monoxide. Air quality improves with increased
percent tree cover and decreased mixing-layer heights. In urban areas with 100% tree cover (i.e,
contiguous forest stands), short-term improvementsin air quality (one hour) from pollution remova by
trees were as high as 15% for ozone, 14% for sulfur dioxide, 13% for particulate matter, 8% for
nitrogen dioxide, and 0.05% for carbon monoxide”.

Emission of Volatile Organic Compounds (VOCs): Emissons of volatile organic compounds by
trees can contribute to the formation of ozone and carbon monoxide. However, in atmospheres with
low nitrogen oxide concentrations (eg., some rural environments), VOCs may actualy remove ozone'.
Because VOC emissons are temperature dependent and trees generaly lower air temperatures,
increased tree cover can lower overall VOC emissions and, consequently, ozone levelsin urban aress.

VOC emisson rates dso vary by species. Nine genera that have the highest slandardized isoprene
emission rate™", and therefore the greatest relative effect among genera on increasing ozone, are:
beefwood (Casuarina spp.), Eucalyptus spp., sweetgum (Liquidambar spp.), black gum (Nyssa
spp.), Sycamore (Platanus spp.), poplar (Populus spp.), oak (Quercus spp.), black locust (Robinia
$p.), and willow (Salix spp.). However, due to the high degree of uncertainty in amospheric modeling,
results are currently inconclusive as to whether these generawill contribute to an overdl net formetion of
ozonein cities (i.e., ozone formation from VOC emissions are greater than ozone remova). Some
common generain Brooklyn, N, with the greatest relative effect on lowering ozone were mulberry
(Morus spp.), cherry (Prunus spp.), linden (Tilia spp.) and honey locust (Gleditsia sp.)".

Because urban trees often recaive rdatively large inputs of energy, primarily from fossl fuds, to
maintain vegetation structure, the emissions from these maintenance activities need to be congdered in
determining the ultimate net effect of urban forests on air quality. Various types of equipment are used to
plant, maintain, and remove vegetation in cities. These equipment include various vehicles for trangport
or maintenance, chain saws, back hoes, leaf blowers, chippers, and shredders. The use and combustion
of foss| fuels to power this equipment leads to the emission of carbon dioxide (approximately 0.7 kg/l of
gasaline, indluding manufacturing emissons®) and other chemical's such as VOCs, carbon monoxide,
nitrogen and sulfur oxides, and particulate matter®.

Treesin parking lots can dso affect evgporative emissons from vehicles, particularly through tree
shade. Increasing parking lot tree cover from 8% to 50% could reduce Sacramento County, CA, light
duty vehicle VOC evaporative emission rates by 2% and nitrogen oxide start emissions by lessthan
1%,

Energy Effects on Buildings: Trees reduce building energy use by lowering temperatures and shading
buildings during the summer, and blocking winds in winter. However, they also can increase energy use
by shading buildings in winter, and may increase or decrease energy use by blocking summer breezes.
Thus, proper tree placement near buildingsis critica to achieve maximum building energy conservation
benefits.

When building energy use islowered, pollutant emissons from power plants are aso lowered.
While lower pollutant emissons generdly improve air qudity, lower nitrogen oxide emissons,
particularly ground-level emissons, may lead to aloca increase in 0zone concentrations under certain
conditions due to nitrogen oxide scavenging of ozone®. The cumulaive and interactive effects of treeson
meteorology, pollution remova, and VOC and power plant emissons determine the overal impact of
treeson arr pollution.



Combined Effects Changesin urban microclimate can affect pollution emission and formation,
particularly the formation of ozone. A modd smulation of a 20 percent loss in the Atlanta area forest
due to urbanization led to a 14 percent increase in ozone concentrations for amodeed day . Although
there were fewer trees to emit VOCs, an increase in Atlanta s air temperatures due to the urban hesat
idand, which occurred concomitantly with tree loss, increased VOC emissions from the remaining trees
and anthropogenic sources, and atered ozone chemistry such that concentrations of ozone increased.

A modd smulation of Cdifornid s South Coast Air Basin suggests that the air quaity impacts of
increased urban tree cover may be localy positive or negative with respect to ozone. The net basin-
wide effect of increased urban vegetation is a decrease in ozone concentrations if the additiond trees are
low VOC emitters.

Modeling the effects of increased urban tree cover on ozone concentrations from Washington, DC
to central Massachusetts reveals that urban trees generally reduce ozone concentrations in cities, but
tend to dightly increase average o0zone concentrations in the overal modeing domain. Interactions of the
effects of trees on the physical and chemica environment demonstrate that trees can cause changesin
pollution remova rates and meteorology, particularly air temperatures, wind fields, and mixing-layer
heights, which, in turn, affect ozone concentrations. Changes in urban tree species composition had no
detectable effect on ozone concentrations”. Modeling of the New Y ork City metropolitan area aso
reved that increasing tree cover 10% within urban areas reduced maximum ozone levels by about 4
ppb, which was about 37% of the amount needed for attainment”.

Urban Forest Management: Urban forest management strategies to hdp improve air quaity include":

Increase the number of healthy trees (increases pollution removal).

Sudain exigting tree cover (maintains pollution remova levels).

Maximize use of low VOC emitting trees (reduces ozone and carbon monoxide formetion).
Sudtain large, hedthy trees (large trees have greatest per tree effects).

Use long-lived trees (reduces long-term pollutant emissions from planting and remova).
Use low maintenance trees (reduces pollutants emissons from maintenance activities).
Reduce fossl fud use in maintaining vegetation (reduces pollutant emissions).

Plant treesin energy conserving locations (reduces pollutant emissons from power plants).
Plant trees to shade parked cars (reduces vehicular VOC emissions).

Supply ample water to vegetation (enhances pollution removal and temperature reduction).
Plant treesin polluted areas or heavily populated areas (maximizes tree air quality benefits).
Avoid pollutant sengtive species (increases tree hedlth).

Utilize evergreen trees for particulate matter reduction (year-round removal of particles).
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