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Urban Heat Island Basics

s urban areas develop, changes occur in the landscape. Buildings, roads, and other

infrastructure replace open land and vegetation. Surfaces that were once perme-

able and moist generally become impermeable and dry.* This development leads to
the formation of urban heat islands—the phenomenon whereby urban regions experience
warmer temperatures than their rural surroundings.

This chapter provides an overview of different types of urban heat islands, methods for
identifying them, and factors that contribute to their development. It introduces key con-
cepts that are important to understanding and mitigating this phenomenon, as well as ad-
ditional sources of information. It discusses:

* General features of urban heat islands

e Surface versus atmospheric heat islands

* Causes of urban heat island formation

*  Urban heat island impacts on energy consumption, environmental quality, and human health

¢ Resources for further information.

1. What Are Urban Heat Islands?

Many urban and suburban areas experience elevated temperatures compared to their out-
lying rural surroundings; this difference in temperature is what constitutes an urban heat
island. The annual mean air temperature of a city with one million or more people can

be 1.8 to 5.4°F (1 to 3°C) warmer than its surroundings,! and on a clear, calm night, this
temperature difference can be as much as 22°F (12°C).2 Even smaller cities and towns will
produce heat islands, though the effect often decreases as city size decreases.3

This chapter focuses on surface and atmospheric urban heat islands. These two heat island
types differ in the ways they are formed, the techniques used to identify and measure
them, their impacts, and to some degree, the methods available to mitigate them. Table 1
summarizes the basic characteristics of each type of heat island. These features are de-
scribed in more detail in the following sections of this chapter.

*This change in landscape may differ in regions such as deserts, where moisture may increase in urban areas if development introduces grass lawns and
other irrigated vegetation.
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Table 1: Basic Characteristics of Surface and Atmospheric Urban Heat Islands (UHIs)4

Feature

Temporal Development

Surface UHI

Present at all times of the day and
night

Most intense during the day and in
the summer

Atmospheric UHI

May be small or non-existent during
the day

Most intense at night or predawn and
in the winter

Peak Intensity
(Most intense UHI
conditions)

More spatial and temporal variation:
= Day: 18to 27°F (10 to 15°C)
= Night: 9to 18°F (5 to 10°C)

Less variation:
= Day: -1.8 t0 5.4°F (-1 to 3°C)
= Night: 12.6 to 21.6°F (7 to 12°C)

Typical Identification
Method

Indirect measurement:
= Remote sensing

Direct measurement:
= Fixed weather stations
= Mobile traverses

Typical Depiction

Thermal image

Isotherm map
Temperature graph

1.1 Surface Urban Heat Islands

On a hot, sunny summer day, the sun can
heat dry, exposed urban surfaces, like roofs
and pavement, to temperatures 50 to 90°F
(27 to 50°C) hotter than the air,> while
shaded or moist surfaces—often in more
rural surroundings—remain close to air
temperatures. Surface urban heat islands
are typically present day and night, but
tend to be strongest during the day when

the sun is shining.

On average, the difference in daytime sur-
face temperatures between developed and
rural areas is 18 to 27°F (10 to 15°C); the
difference in nighttime surface tempera-
tures is typically smaller, at 9 to 18°F (5 to

10°C).6

The magnitude of surface urban heat is-
lands varies with seasons, due to changes
in the sun’s intensity as well as ground
cover and weather. As a result of such
variation, surface urban heat islands are
typically largest in the summer.”

Summertime urban heat islands are
most intense when the sky is clear
and winds are calm. Heavy cloud
cover blocks solar radiation, reducing
daytime warming in cities. Strong
winds increase atmospheric mixing,
lowering the urban-rural temperature
difference. This document, Reducing
Urban Heat Islands: Compendium

of Strategies, focuses on mitigating
summertime heat islands through
strategies that have maximum impact
under clear, calm conditions.

How Weather Influences
Urban Heat Islands

To identify urban heat islands, scientists
use direct and indirect methods, numerical
modeling, and estimates based on empiri-

cal models. Researchers often use remote

sensing, an indirect measurement tech-
nique, to estimate surface temperatures.

They use the data collected to produce
thermal images, such as that shown in

Figure 1.
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Figure 1: Thermal Image Depicting a
Surface Urban Heat Island

NASA/Marshall Space Flight Center

This image, taken from an aircraft, depicts a
midday surface urban heat island in Salt Lake

City, Utah, on July 13, 1998. White areas are
around 160°F (70°C), while dark blue areas are
near 85°F (30°C). Note the warmer urban surface
temperatures (left side of image) and cooler
surfaces in the neighboring foothills (on the right).

1.2 Atmospheric Urban Heat
Islands

Warmer air in urban areas compared to
cooler air in nearby rural surroundings
defines atmospheric urban heat islands.
Experts often divide these heat islands into
two different types:

* Canopy layer urban heat islands exist
in the layer of air where people live,
from the ground to below the tops of
trees and roofs.

* Boundary layer urban heat islands
start from the rooftop and treetop
level and extend up to the point where
urban landscapes no longer influence
the atmosphere. This region typically
extends no more than one mile (1.5
km) from the surface.8

Canopy layer urban heat islands are the
most commonly observed of the two

types and are often the ones referred to in
discussions of urban heat islands. For this
reason, this chapter and compendium use
the more general term atmospheric urban
beat islands to refer to canopy layer urban
heat islands.

Atmospheric urban heat islands are often
weak during the late morning and through-
out the day and become more pronounced
after sunset due to the slow release of heat
from urban infrastructure. The timing of
this peak, however, depends on the proper-
ties of urban and rural surfaces, the season,
and prevailing weather conditions.
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Surface and Air Temperatures: How Are They Related?

Surface temperatures have an indirect, but significant, influence on air temperatures,
especially in the canopy layer, which is closest to the surface. For example, parks
and vegetated areas, which typically have cooler surface temperatures, contribute to
cooler air temperatures. Dense, built-up areas, on the other hand, typically lead to
warmer air temperatures. Because air mixes within the atmosphere, though, the rela-
tionship between surface and air temperatures is not constant, and air temperatures
typically vary less than surface temperatures across an area (see Figure 2).

Figure 2: Variations of Surface and Atmospheric Temperatures
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Surface and atmospheric temperatures vary over different land use areas. Surface
temperatures vary more than air temperatures during the day, but they both are fairly similar
at night. The dip and spike in surface temperatures over the pond show how water maintains
a fairly constant temperature day and night, due to its high heat capacity.

* Note: The temperatures displayed above do not represent absolute temperature values or
any one particular measured heat island. Temperatures will fluctuate based on factors such as
seasons, weather conditions, sun intensity, and ground cover.
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Atmospheric heat islands vary much less in
intensity than surface heat islands. On an
annual mean basis, air temperatures in large
cities might be 1.8 to 5.4°F (1 to 3°C) warm-
er than those of their rural surroundings.?

Researchers typically measure air tem-
peratures through a dense network of
sampling points from fixed stations or

mobile traverses, which are both direct
measurement methods. Figure 3 illustrates
a conceptual isotherm map that depicts an
atmospheric urban heat island. The center
of the figure, which is the hottest area, is
the urban core. A simple graph of tempera-
ture differences, as shown in Figure 4, is
another way to show the results.

Figure 3: Isotherm Map Depicting an Atmospheric

Nighttime Urban Heat Island

This conceptual map with overlaid isotherms (lines of equal air temperature

~ Modified from Voogt, 2000

exhibits a fully developed nighttime atmospheric urban heat island. The
dotted red line indicates a traverse along which measurements are taken.

Figure 4: Conceptual Drawing of the Diurnal Evolution of the Urban Heat
Island during Calm and Clear Conditions

T T T T T T T T T
Sunset Sunrise

Air Temperature

Atmospheric urban heat islands
primarily result from different cooling
- rates between urban areas and their
| surrounding rural or non-urban
surroundings (section (a) of Figure
5). The differential cooling rates are
most pronounced on clear and calm
nights and days when rural areas can
cool more quickly than urban areas.
The heat island intensity (section

(b)) typically grows from mid- to late
afternoon to a maximum a few hours

Heat Island Intensity
A Y

after sunset. In some cases, a heat
island might not reach peak intensity
until after sunrise.

Modified from Oke, 1982, and Runnalls and Oke, 2000
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Urban Heat Islands, Climate Change, and Global Warming

Urban heat islands refer to the elevated tempera-
tures in developed areas compared to more rural
surroundings. Urban heat islands are caused by
development and the changes in radiative and
thermal properties of urban infrastructure as well
as the impacts buildings can have on the local
micro-climate—for example tall buildings can
slow the rate at which cities cool off at night.
Heat islands are influenced by a city’s geographic
location and by local weather patterns, and their
intensity changes on a daily and seasonal basis.

The warming that results from urban heat islands
over small areas such as cities is an example

of local climate change. Local climate changes
resulting from urban heat islands fundamentally
differ from global climate changes in that their
effects are limited to the local scale and decrease
with distance from their source. Global climate
changes, such as those caused by increases in
the sun’s intensity or greenhouse gas concentra-
tions, are not locally or regionally confined.

Climate change, broadly speaking, refers to
any significant change in measures of climate
(such as temperature, precipitation, or wind)
lasting for an extended period (decades or
longer). Climate change may result from:

* Natural factors, such as changes in the
sun’s intensity or slow changes in the
Earth’s orbit around the sun

* Natural processes within the climate sys-
tem (e.g. changes in ocean circulation)

°*  Human activities that change the atmo-
sphere’s composition (e.g. burning fossil
fuels) and the land surface (e.g. deforesta-
tion, reforestation, or urbanization).

The term climate change is often used inter-
changeably with the term global warming, but
according to the National Academy of Sci-
ences, “the phrase ‘climate change’ is growing

in preferred use to ‘global warming’ because
it helps convey that there are [other] changes
in addition to rising temperatures.”

Global warming is an average increase in

the temperature of the atmosphere near the
Earth’s surface and in the lowest layer of the
atmosphere, which can contribute to changes
in global climate patterns. Global warming
can occur from a variety of causes, both natu-
ral and human induced. In common usage,
“global warming” often refers to the warming
that can occur as a result of increased emis-
sions of greenhouse gases from human activi-
ties. Global warming can be considered part
of global climate change along with changes
in precipitation, sea level, etc.

The impacts from urban heat islands and
global climate change (or global warm-

ing) are often similar. For example, some
communities may experience longer grow-
ing seasons due to either or both phenom-
ena. Urban heat islands and global climate
change can both also increase energy de-
mand, particularly summertime air condition-
ing demand, and associated air pollution and
greenhouse gas emissions, depending on the
electric system power fuel mix.

Strategies to reduce urban heat islands—the
focus of this document, Reducing Urban
Heat Islands: Compendium of Strategies—
produce multiple benefits including lower-
ing surface and air temperatures, energy
demand, air pollution and greenhouse gas
emissions. Thus, advancing measures to
mitigate urban heat islands also helps to ad-
dress global climate change.

For more information on global warming see
EPA’s Climate Change website, <www.epa.
gov/climatechange>.
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2. How Do Urban Heat Islands
Form?

While many factors contribute to urban
heat island formation (see Table 2), this
chapter focuses on vegetative cover and
surface properties because communities
can directly address these factors with
available technologies. See the “Trees and
Vegetation,” “Green Roofs,” “Cool Roofs,”
and “Cool Pavement” chapters for detailed
information on these strategies.

2.1 Reduced Vegetation in Urban Areas

In rural areas, vegetation and open land
typically dominate the landscape. Trees
and vegetation provide shade, which helps
lower surface temperatures. They also help

Figure 5: Impervious Surfaces and Reduced Evapotranspiration
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reduce air temperatures through a process
called evapotranspiration, in which plants
release water to the surrounding air, dis-
sipating ambient heat. In contrast, urban
areas are characterized by dry, impervious
surfaces, such as conventional roofs, side-
walks, roads, and parking lots. As cities
develop, more vegetation is lost, and more
surfaces are paved or covered with build-
ings. The change in ground cover results
in less shade and moisture to keep urban
areas cool. Built up areas evaporate less
water (see Figure 5), which contributes to
elevated surface and air temperatures.

40% evapotranspiration

10% runoff

25% shallow

infiltration 25% deep

infiltration

Modified from the Federal Interagency Stream Restoration Working Group (FISRWG)

Highly developed urban areas (right), which are characterized by 75%-100% impervious surfaces, have less surface
moisture available for evapotranspiration than natural ground cover, which has less than 10% impervious cover (left).
This characteristic contributes to higher surface and air temperatures in urban areas.
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2.2 Properties of Urban Materials Solar reflectance, or albedo, is the percent-
age of solar energy reflected by a surface.
Much of the sun’s energy is found in the
visible wavelengths (see Figure 6); thus,
solar reflectance is correlated with a mate-
rial’s color. Darker surfaces tend to have
lower solar reflectance values than lighter
surfaces. Researchers are studying and
developing cool colored materials, though,
that use specially engineered pigments that
reflect well in the infrared wavelengths.
These products can be dark in color but
have a solar reflectance close to that of a
white or light-colored material. (See the
“Cool Roofs” chapter for further discussion
of cool colored roof products.)

Properties of urban materials, in particular
solar reflectance, thermal emissivity, and
heat capacity, also influence urban heat
island development, as they determine how
the sun’s energy is reflected, emitted, and
absorbed.

Figure 6 shows the typical solar energy that
reaches the Earth’s surface on a clear sum-
mer day. Solar energy is composed of ultra-
violet (UV) rays, visible light, and infrared
energy, each reaching the Earth in different
percentages: five percent of solar energy is
in the UV spectrum, including the type of
rays responsible for sunburn; 43 percent of
solar energy is visible light, in colors rang-
ing from violet to red; and the remaining
52 percent of solar energy is infrared, felt
as heat. Energy in all of these wavelengths
contributes to urban heat island formation.

Figure 6: Solar Energy versus Wavelength Reaching Earth’s Surface
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Solar energy intensity varies over wavelengths from about 250 to 2500 nanometers.
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Urban areas typically have surface materi-
als, such as roofing and paving, which have
a lower albedo than those in rural settings.
As a result, built up communities gener-
ally reflect less and absorb more of the
sun’s energy. This absorbed heat increases
surface temperatures and contributes to
the formation of surface and atmospheric
urban heat islands.

Although solar reflectance is the main
determinant of a material’s surface tem-
perature, thermal emittance, or emissivity,
also plays a role. Thermal emittance is a
measure of a surface’s ability to shed heat,
or emit long-wave (infrared) radiation. All
things equal, surfaces with high emittance
values will stay cooler, because they will
release heat more readily. Most construc-
tion materials, with the exception of metal,
have high thermal emittance values. Thus,
this property is mainly of interest to those
installing cool roofs, which can be metallic.
See the “Cool Roofs” chapter of the com-
pendium for more information.

Another important property that influences
heat island development is a material’s heat
capacity, which refers to its ability to store
heat. Many building materials, such as steel
and stone, have higher heat capacities than
rural materials, such as dry soil and sand.
As a result, cities are typically more ef-
fective at storing the sun’s energy as heat
within their infrastructure. Downtown met-
ropolitan areas can absorb and store twice
the amount of heat compared to their rural
surroundings during the daytime.10

Radiative and Thermal
Properties—Cool Roofs
and Cool Pavements

Albedo and emissivity are considered
“radiative properties.” Heat capacity,
on the other hand, is one of several
“thermal properties” a material can
possess. For thin materials like roof-
ing, which is typically placed over
insulation, reflectance and emittance
are the main properties to consider,
as the heat capacity of a well insu-
lated roof is low. For pavements,
which are thicker than roofing
products and are placed on top of
the ground, which has its own set of
thermal characteristics, designers and
researchers need to consider a more
complex set of factors that include
radiative and thermal properties—
such as heat capacity, thermal con-
ductivity, and density.
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2.3 Urban Geometry

An additional factor that influences urban
heat island development, particularly at
night, is urban geometry, which refers to
the dimensions and spacing of buildings
within a city. Urban geometry influences
wind flow, energy absorption, and a given
surface’s ability to emit long-wave radiation
back to space. In developed areas, surfaces
and structures are often at least partially
obstructed by objects, such as neighbor-
ing buildings, and become large thermal
masses that cannot release their heat very
readily because of these obstructions. Espe-
cially at night, the air above urban centers
is typically warmer than air over rural ar-
eas. Nighttime atmospheric heat islands can
have serious health implications for urban
residents during heat waves (see textbox

in Section 3.3, “Factors in Heat-Related IlI-
nesses and Death.”)

Table 2: Factors that Create Urban Heat Islands

Researchers often focus on an aspect of
urban geometry called urban canyons,
which can be illustrated by a relatively nar-
row street lined by tall buildings. During
the day, urban canyons can have compet-
ing effects. On the one hand, tall buildings
can create shade, reducing surface and air
temperatures. On the other, when sunlight
reaches surfaces in the canyon, the sun’s
energy is reflected and absorbed by build-
ing walls, which further lowers the city’s
overall albedo—the net reflectance from
surface albedo plus urban geometry—
and can increase temperatures.!l At night,
urban canyons generally impede cooling,
as buildings and structures can obstruct
the heat that is being released from urban
infrastructure.

Factors Communities are Focusing On

urban infrastructure.

and urban heat island formation.

+ Reduced vegetation in urban regions: Reduces the natural cooling effect from shade and evapotranspiration.
« Properties of urban materials: Contribute to absorption of solar energy, causing surfaces, and the air above

them, to be warmer in urban areas than those in rural surroundings.

Future Factors to Consider

« Urban geometry: The height and spacing of buildings affects the amount of radiation received and emitted by

+ Anthropogenic heat emissions: Contribute additional warmth to the air.*

Additional Factors

+ Weather: Certain conditions, such as clear skies and calm winds, can foster urban heat island formation.
«  Geographic location: Proximity to large water bodies and mountainous terrain can influence local wind patterns

* Although communities currently can lower anthropogenic heat emissions through energy efficiency technologies
in the building and vehicle sectors, this compendium focuses on modifying vegetative cover and surface properties
of urban materials, as they have long been regarded as urban heat island reduction strategies. An emerging body
of literature on the role waste heat plays in urban heat island formation, though, may lead communities to focus on

anthropogenic heat in the near future.
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The Urban Surface Energy Budget

An energy budget provides an equation that quantifies the balance of incoming

and outgoing energy flows, or fluxes (see Figure 7). The surface energy budgets of
urban areas and their more rural surroundings will differ because of differences in
land cover, surface characteristics, and level of human activity. Such differences can
affect the generation and transfer of heat, which can lead to different surface and air
temperatures in urban versus rural areas. Various elements of the budget include:

* Short-wave radiation is ultraviolet, visible light, and near-infrared radiation from
the sun that reaches the Earth (see Figure 6). This energy is a key driver of urban
heat islands. Urban surfaces, compared to vegetation and other natural ground
cover, reflect less radiation back to the atmosphere. They instead absorb and store
more of it, which raises the area’s temperature.

* Thermal storage increases in cities in part due to the lower solar reflectance of
urban surfaces, but it is also influenced by the thermal properties of construction
materials and urban geometry. Urban geometry can cause some short-wave radia-
tion—particularly within an urban canyon—to be reflected on nearby surfaces, such
as building walls, where it is absorbed rather than escaping into the atmosphere.

N

Figure 7: Urban Surface Energy Budget
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Continued on next page
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the urban heat island.

higher air temperatures.*

upwards via convection.

The Urban Surface Energy Budget (continued)

e Similarly, urban geometry can impede the release of long-wave, or infrared,
radiation into the atmosphere. When buildings or other objects absorb incom-
ing short-wave radiation, they can re-radiate that energy as long-wave energy, or
heat. However, at night, due to the dense infrastructure in some developed areas
that have low sky view factors (see section 2.3), urban areas cannot easily release
long-wave radiation to the cooler, open sky, and this trapped heat contributes to

* Evapotranspiration describes the transfer of latent heat, what we feel as humid-
ity, from the Earth’s surface to the air via evaporating water. Urban areas tend to
have less evapotranspiration relative to natural landscapes, because cities retain
little moisture. This reduced moisture in built up areas leads to dry, impervious
urban infrastructure reaching very high surface temperatures, which contribute to

* Convection describes the transfer of sensible heat, what we feel as temperature,
between the surface and air when there is a difference in temperature between
them. High urban surface temperatures warm the air above, which then circulates

* Anthropogenic heat refers to the heat generated by cars, air conditioners, indus-
trial facilities, and a variety of other manmade sources, which contributes to the
urban energy budget, particularly in the winter.

*This change in landscape may differ in regions such as deserts, where moisture may increase in
urban areas if development introduces grass lawns and other irrigated vegetation.

The effects of urban geometry on urban heat
islands are often described through the “sky
view factor” (SVF), which is the visible area
of the sky from a given point on a surface.
For example, an open parking lot or field that
has few obstructions would have a large SVF
value (closer to 1). Conversely, an urban can-
yon in a downtown area that is surrounded
by closely spaced, tall buildings, would have a
low SVF value (closer to zero), as there would
only be a small visible area of the sky.

2.4 Anthropogenic Heat

Anthropogenic heat contributes to atmo-
spheric heat islands and refers to heat
produced by human activities. It can come
from a variety of sources and is estimated

by totaling all the energy used for heating
and cooling, running appliances, transpor-
tation, and industrial processes. Anthro-
pogenic heat varies by urban activity and
infrastructure, with more energy-intensive
buildings and transportation producing
more heat.12 Anthropogenic heat typically
is not a concern in rural areas and during
the summer. In the winter, though, and
year round in dense, urban areas, anthro-
pogenic heat can significantly contribute to
heat island formation.

2.5 Additional Factors

Weather and location strongly influence
urban heat island formation. While commu-
nities have little control over these factors,

12
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residents can benefit from understanding
the role they play.

*  Weather. Two primary weather char-
acteristics affect urban heat island
development: wind and cloud cover. In
general, urban heat islands form during
periods of calm winds and clear skies,
because these conditions maximize the
amount of solar energy reaching urban
surfaces and minimize the amount of
heat that can be convected away. Con-
versely, strong winds and cloud cover
suppress urban heat islands.

* Geographic location. Climate and
topography, which are in part deter-
mined by a city’s geographic location,
influence urban heat island formation.
For example, large bodies of water
moderate temperatures and can gener-
ate winds that convect heat away from
cities. Nearby mountain ranges can ei-
ther block wind from reaching a city, or
create wind patterns that pass through
a city. Local terrain has a greater signifi-
cance for heat island formation when
larger-scale effects, such as prevailing
wind patterns, are relatively weak.

3. Why Do We Care about Urban
Heat Islands?

Elevated temperatures from urban heat
islands, particularly during the summer,
can affect a community’s environment

and quality of life. While some heat island
impacts seem positive, such as lengthening
the plant-growing season, most impacts are
negative and include:

* Increased energy consumption

* FElevated emissions of air pollutants and
greenhouse gases

*  Compromised human health and comfort

* Impaired water quality.

Wintertime Benefits of
Urban Heat Islands

Communities may benefit from the
wintertime warming effect of urban
heat islands. Warmer temperatures
can reduce heating energy needs and
help to melt snow and ice on roads.
Fortunately, urban heat island mitiga-
tion strategies—for example, trees and
vegetation and green roofs—generally
provide year-round benefits, or their
winter penalty, such as that from cool
roofs, is much smaller than their sum-
mertime benefits.

3.1 Energy Consumption

Elevated summertime temperatures in cities
increase energy demand for cooling and
add pressure to the electricity grid during
peak periods of demand, which generally
occur on hot, summer weekday afternoons,
when offices and homes are running cool-
ing systems, lights, and appliances (see
Figure 8). This peak urban electric demand
increases 1.5 to 2 percent for every 1°F
(0.6°C) increase in summertime tempera-
ture. Steadily increasing downtown temper-
atures over the last several decades mean
that 5 to 10 percent of community-wide de-
mand for electricity is used to compensate
for the heat island effect.13 During extreme
heat events, which are exacerbated by ur-
ban heat islands, the resulting demand for
cooling can overload systems and require a
utility to institute controlled, rolling brown-
outs or blackouts to avoid power outages.

URBAN HEAT ISLAND BASICS - DRAFT
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Figure 8: Increasing Power Loads with Temperature Increases'4

1200
= 1000
=
=
B
S 800
| °
o S
£
k]
9 600
w
&
© &
@ 400 g
z £
k)
>
200 g
3
S
=
[}
0 T T T T T 2
0 20 40 60 80 100 120 | £
(-18) (-7) (4) (16) (27) (38) (49) §
o~
Maximum Daily Temp °F (°C) s
3
wv

As shown in this example from New Orleans, electrical load can increase steadily once
temperatures begin to exceed about 68 to 77°F (20 to 25°C). Other areas of the country show

similar demand curves as temperature increases.

3.2 Air Quality and Greenhouse Gases

As discussed in Section 3.1, higher tempera-
tures can increases energy demand, which
generally causes higher levels of air pollu-
tion and greenhouse gas emissions. Cur-
rently, most electricity in the United States is
produced from combusting fossil fuel. Thus,
pollutants from most power plants include
sulfur dioxide (SO,), nitrogen oxides (NO,),
particulate matter (PM), carbon monoxide
(CO), and mercury (Hg). These pollutants
are harmful to human health and contrib-
ute to complex air quality problems such as
acid rain. Further, fossil-fuel-powered plants
emit greenhouse gases, particularly carbon
dioxide (CO,), which contribute to global
climate change.

In addition to increases in air emissions,
elevated air temperatures increase the rate
of ground-level ozone formation, which

is produced when NO, and volatile or-
ganic compounds (VOCs) react in the
presence of sunlight. If all other variables

are equal—such as the level of precursor
emissions or wind speed and direction—
ground-level ozone emissions will be
higher in sunnier and hotter weather.

3.3 Human Health and Comfort

Increased daytime surface temperatures,
reduced nighttime cooling, and higher

air pollution levels associated with urban
heat islands can affect human health by
contributing to general discomfort, respira-
tory difficulties, heat cramps and exhaus-
tion, non-fatal heat stroke, and heat-related
mortality.

Urban heat islands can also exacerbate the
impact of heat waves, which are periods of
abnormally hot, and often humid, weather.
Sensitive populations, such as children,
older adults, and those with existing health
conditions, are at particular risk from these
events. For example, in 1995, a mid-July
heat wave in the Midwest caused more
than 1,000 deaths.15 While it is rare for a

14
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Factors in Heat-Related llinesses and Death

Low income elderly people who live in row homes are at a particular risk for heat-
related health incidents. Living on the upper floor of a typical row home, with a dark
roof, brick construction, and windows on only two sides, could contribute to the risk
of heat-related illness or death during heat waves, as temperatures in these homes
can be extreme.1¢ These homes often lack air conditioning, especially in areas un-
accustomed to high temperatures. Further, even when air conditioning is available,
residents may not use it for fear of high utility bills.

Social isolation and physical health also contribute to one’s vulnerability. Elderly
people, especially, may not have family or friends nearby, may not report to work
regularly, and may lack neighbors who can check on them, leaving them stranded
during extreme heat events. The elderly may also fail to hear news or other warnings
of impending heat waves and recommendations on how to cope. Finally, their bod-
ies may be less able to handle heat stress.

The lack of nighttime relief in air temperatures is strongly correlated with increased
mortality during heat waves. Some studies suggest that these oppressive nighttime
temperatures may be more significant than high maximum daytime temperatures.1”

For more information on heat-related health incidents and ways to respond, see the EPA
Excessive Heat Events Guidebook <www.epa.gov/hiri/about/pdf/EHEguide_final.pdf>

heat wave to be so destructive, heat-related
mortality is not uncommon. The Centers for
Disease Control estimates that from 1979 to
1999, excessive heat exposure contributed
to more than 8,000 premature deaths in

the United States.18 This figure exceeds the
number of mortalities resulting from hur-
ricanes, lightning, tornadoes, floods, and
earthquakes combined.

3.4 Water Quality

Surface urban heat islands degrade water
quality, mainly by thermal pollution. Pave-
ment and rooftop surfaces that reach tem-
peratures 50 to 90°F (27 to 50°C) higher
than air temperatures transfer this excess
heat to stormwater. Field measurements
from one study showed that runoff from
urban areas was about 20-30°F (11-17°C)

hotter than runoff from a nearby rural
area on summer days when pavement
temperatures at midday were 20-35°F
(11-19°C) above air temperature. When
the rain came before the pavement had

a chance to heat up, runoff temperatures
from the rural and urban areas differed by
less than 4°F (2°C).19 This heated storm-
water generally drains into storm sewers
(see Figure 5) and raises water tempera-
tures as it is released into streams, rivers,
ponds, and lakes. A study in Arlington,
Virginia, recorded temperature increases
in surface waters as high as 8°F (4°C) in
40 minutes after heavy summer rains.20

Water temperature affects all aspects of
aquatic life, especially the metabolism

and reproduction of many aquatic spe-
cies. Rapid temperature changes in aquatic
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ecosystems resulting from warm storm-
water runoff can be particularly stress-

ful. Brook trout, for example, experience
thermal stress and shock when the water
temperature changes more than 2 to 4°F (1-
2°C) in 24 hours.21

4, Strategies to Reduce Urban
Heat Islands

Although urban climatologists have been
studying urban heat islands for decades,
community interest and concern regarding
them has been more recent. This increased
attention to heat-related environment and
health issues has helped to advance the
development of heat island reduction strat-
egies, mainly trees and vegetation, green
roofs, and cool roofs. Interest in cool pave-
ments has been growing, and an emerg-
ing body of research and pilot projects are
helping scientists, engineers, and practitio-
ners to better understand the interactions
between pavements and the urban climate.

This compendium Reducing Urban Heat
Islands: Compendium of Strategies pro-
vides details about how these strategies
work, their benefits and costs, factors

to consider when selecting them, and

additional resources for communities to
further explore. It presents the multiple
benefits—beyond temperature reduction—
that a community can accrue from advanc-
ing heat island reduction strategies. It also
gives examples of how communities have
implemented these strategies through
voluntary and policy efforts in the “Heat
Island Reduction Activities” chapter. Com-
munities can use this compendium as a
foundation and starting point for under-
standing the nuts and bolts of existing
urban heat island reduction strategies that
communities are currently advancing.

Future policy efforts may focus on en-
couraging strategies to modify urban
geometry and anthropogenic heat in
communities to reduce urban heat is-
lands. Research in this area is on-going,
and there is a growing awareness of the
importance of these factors.

5. Additional Resources

The table on the next page provides ad-
ditional resources on urban heat island
formation, measurement, and impacts.

16
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Table 3: Urban Heat Island Resources

Description

General Information

Web Link

EPA’s Heat Island Website

Through this website, EPA provides background in-
formation, publications, reports, access to national
webcasts, a database of urban heat island activities,
and links to other resources to help communities
reduce urban heat islands.

<www.epa.gov/heatislands>

International Association
for Urban Climate (IAUC)

This international website is the main forum in which
urban climatologists communicate. Urban climate
resources, including a bimonthly newsletter, and in-
formation on upcoming meetings can be found here.

<www.urban-climate.org>

Lawrence Berkeley
National Laboratory
(LBNL) Heat Island Group

LBNL provides background information on urban
heat islands and their impacts through this website.
It also presents some of the impacts heat island re-
duction strategies can have on temperature, energy
consumption, and air quality.

<http://eetd.Ibl.gov/
Heatlsland>

National Center of
Excellence - SMART
Innovations for Urban
Climate and Energy

Arizona State University’s National Center of Excellence

collaborates with industry and government to research

and develop technologies to reduce urban heat islands,
especially in desert climates. Its website provides back-

ground information on urban heat islands.

<www.asusmart.com/
urbanclimate.php>

Urban Heat Islands:
Hotter Cities

National Aeronautics and
Space Administration
(NASA) and the U.S.
Geological Survey Landsat
Program

This article explains urban heat islands and presents
solutions to mitigate them.

The Landsat program is a series of Earth-observing
satellites used to acquire images of the Earth'’s land
surface and surrounding coastal regions. These
images provide information from which research-
ers can derive surface temperatures and evaluate
urban heat islands.

<www.actionbioscience.org/
environment/voogt.html>

Measuring Heat Islands and Their Impacts

<http://landsat.gsfc.nasa.gov/>

National Weather Service

The National Weather Service is a source for air
temperature measurements, climate and weather
models, and past and future climate predictions.
The site also has links to excessive heat outlooks,
fatality statistics, historic data on major heat waves,
drought information, and advice on how to mini-
mize the health risks of heat waves.

<WWW.Nws.noaa.gov/>

EPA's Excessive Heat
Events Guidebook

This document is designed to help community officials,
emergency managers, meteorologists, and others plan
for and respond to excessive heat events by highlight-
ing best practices that have been employed to save
lives during excessive heat events in different urban
areas. It provides a menu of options that officials can
use to respond to these events in their communities.

<www.epa.gov/hiri/about/
heatguidebook.html>
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Trees and Vegetation

hade trees and smaller plants such as shrubs, vines, grasses, and ground cover, help

cool the urban environment. Yet, many U.S. communities have lost trees and green

space as they have grown. This change is not inevitable. Many communities can take
advantage of existing space, such as grassy or barren areas, to increase their vegetative
cover and reap multiple benefits.

Opportunities to Expand the Use of Urban Trees
and Vegetation

Most U.S. communities have opportunities to increase the use of trees and vegeta-
tion. As part of the U.S. Environmental Protection Agency’s (EPA’s) Urban Heat Island
Pilot Project, the Lawrence Berkeley National Laboratory conducted analyses to
estimate baseline land use and tree cover information for the pilot program cities.1
Figure 1 shows the percentage of vegetated and barren land cover in four of these
urban areas. The high percentage of grass and barren land cover show the space po-
tentially available for

additional tree canopy Figure 1: Land Cover Statistics for Various U.S. Cities
cover. The statistics do (Above Tree Canopy)
not show the loss 30

of dense vegetated

cover as cities ex- 25

20
H Grass
B Tr
15 4 ees
Barren
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0

Chicago Houston Sacramento Salt Lake City

pand, however. For
example, a 2005
report estimates that
Houston lost 10 mil-
lion trees per year
from 1992 to 2000.2

Land Cover (%): Above the Canopy
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Figure 2: Vegetative Cover in New York City

AT

New York City reveals how developed areas (gray and
white in this image) can replace vegetation (green).
Central Park is highlighted by the orange rectangle.

This chapter outlines some of the issues
communities might consider in determin-
ing whether and how to expand the use of
trees and vegetation so as to mitigate urban
heat island conditions. Among the topics
covered in this chapter are:

*  How trees and vegetation reduce
temperatures

¢ Some of the benefits and costs associ-
ated with trees and vegetation

e Other factors a mitigation program
might consider

*  Urban forestry initiatives

¢ Tools and resources for further
information.

NASA/GSFC/METI/ERSDAC/JAROS and U.S./Japan ASTER Science Team

1. How It Works

Trees and vegetation help cool urban climates
through shading and evapotranspiration.

Shading. Leaves and branches reduce

the amount of solar radiation that reaches
the area below the canopy of a tree or
plant. The amount of sunlight transmitted
through the canopy varies based on plant
species. In the summertime, generally 10 to
30 percent of the sun’s energy reaches the
area below a tree, with the remainder be-
ing absorbed by leaves and used for pho-
tosynthesis, and some being reflected back
into the atmosphere. In winter, the range
of sunlight transmitted through a tree is
much wider—10 to 80 percent—because
evergreen and deciduous trees have dif-
ferent wintertime foliage, with deciduous
trees losing their leaves and allowing more
sunlight through.3

Figure 3: Trees Shade a Home

Tree canopies, such as the deciduous trees around this
home in Virginia, can block much of the sunlight from
reaching the ground or the building.
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Shading reduces surface temperatures
below the tree canopy. These cooler sur-
faces, in turn, reduce the heat transmitted
into buildings and the atmosphere. For
example, a multi-month study measured
maximum surface temperature reductions
ranging from 20 to 45°F (11-25°C) for walls
and roofs at two buildings.4 Another study
examined the effects of vines on wall tem-
peratures and found reductions of up to
36°F (20°C).> A third study found that tree
shading reduces the temperatures inside
parked cars by about 45°F (25°C).6

Evapotranspiration. Trees and vegeta-
tion absorb water through their roots and
emit it through their leaves—this move-
ment of water is called “transpiration.” A
large oak tree, for example, can transpire
40,000 gallons of water per year; an acre of
corn can transpire 3,000 to 4,000 gallons a
day.” Evaporation, the conversion of water
from a liquid to a gas, also occurs from
the soil around vegetation and from trees
and vegetation as they intercept rainfall on
leaves and other surfaces. Together, these

Figure 4: Evapotranspiration

Evapotranspiration

Transpiration

Evaporation

Plants take water from the ground through their roots
and emit it through their leaves, a process known as
transpiration. Water can also evaporate from tree surfaces,
such as the stalk, or surrounding soil.

processes are referred to as evapotranspi-
ration. Evapotranspiration cools the air by
using heat from the air to evaporate water.

Evapotranspiration, alone or in combina-
tion with shading, can help reduce peak
summer air temperatures. Various studies?
have measured the following reductions:

* Peak air temperatures in tree groves
that are 9°F (5°C) cooler than over
open terrain.

* Air temperatures over irrigated agri-
cultural fields that are 6°F (3°C) cooler
than air over bare ground.

e Suburban areas with mature trees that
are 4 to 6°F (2 to 3°C) cooler than new
suburbs without trees.

* Temperatures over grass sports fields
that are 2 to 4°F (1 to 2°C) cooler than
over bordering areas.

Trees and other large vegetation can also
serve as windbreaks or wind shields to
reduce the wind speed in the vicinity of
buildings. In the summertime, the impacts
can be positive and negative. In the win-
tertime, reducing wind speeds, particularly
cold north winds, can provide substantial
energy benefits.

2. Using Trees and Vegetation in
the Urban Landscape

Trees and vegetation are most useful as a
mitigation strategy when planted in strate-
gic locations around buildings. Researchers
have found that planting deciduous species
to the west is typically most effective for
cooling a building, especially if these trees
shade windows and part of the building’s
roof. Shading the east side of a structure
also reduces air conditioning demand.10,11

Planting trees to the south generally lowers
summertime energy demand, but must be
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done carefully. Depending on the trees, the
building’s height, and the distance between
the trees and a building, trees may be det-
rimental to an energy efficiency strategy if
they block useful solar energy in the win-
ter, when the sun is low in the sky, without
providing much shade during the summer,
when the sun is high in the sky.

Shading pavement in parking lots and on
streets can be an effective way to help cool
a community. Trees can be planted around
perimeters and in medians inside parking
lots or along the length of streets. Strategi-
cally placed shade trees also can benefit
playgrounds, schoolyards, ball fields, and
similar open spaces.

Trees are not the only vegetation option.
There are many areas where trees either do
not fit or grow too slowly to be effective
over the short term, in which case vines
may work better. Vines need less soil and

Figure 6: Vines to Shade a Wall

Trellis Structures, Inc.

Vines grown on trellises can provide a quick,
simple source of shade.

space and grow very quickly. Vines grown
on the west side of a building, for example,
will shade the exterior wall and reduce its
surface temperature, thus reducing heat
gain inside the building. The vines will
provide some air cooling benefits through
evapotranspiration as well.

Figure 5: Tree Placement to Maximize Energy Savings

| Block winter winds with
evergreen trees
= Locate trees at least
| 5-10'but less than [
1 30-50'from house |

Locate trees to west
or east of house

Shade
A/C Unit

il

P

Picking the right trees and putting them in the right location will maximize their ability to shade

buildings and block winds throughout the year.
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3. Benefits and Costs

The use of trees and vegetation in the
urban environment brings many benefits,
including lower energy use, reduced air
pollution and greenhouse gas emissions,
protection from harmful exposure to ul-
traviolet (UV) rays, decreased stormwater
runoff, potential reduced pavement main-
tenance, and other quality-of-life benefits.
At the same time, communities must also
consider the costs of an urban forestry pro-
gram and any potential negative impacts of
increasing tree and vegetation cover. The
following sections address these benefits
and costs in more detail. Section 6 of this
chapter summarizes software tools that cal-
culate the range of potential benefits from
urban tree and vegetation initiatives.

U.S. Department of Agriculture
(USDA) Forest Service research cen-
ters offer links to publications about
studies of trees and their benefits to
urban areas. See <www.fs.fed.us/ne/
syracuse/Pubs/pubs.htm> and <www.
fs.fed.us/psw/programs/cufr/>.

3.1 Benefits

Reduced Energy Use. Trees and vegeta-
tion that provide direct shading reduce
energy needed to cool buildings. Benefits
vary based on the orientation and size of
the plantings, as well as their distance from
a building. Large trees planted close to the
west side of a building will generally pro-
vide greater cooling energy savings than
other plants.

The examples below from a variety of stud-
ies highlight cooling and year-round en-
ergy savings from trees and vegetation.

Joint studies by the Lawrence Berkeley
National Laboratory (LBNL) and the
Sacramento Municipal Utility District
(SMUD) placed varying numbers of trees
around houses to shade windows and
then measured the buildings’ energy
use.1213 The cooling energy savings
ranged between 7 and 47 percent and
were greatest when trees were planted to
the west and southwest of buildings.14

A USDA Forest Service study inves-
tigated the energy savings resulting
from SMUD’s residential tree planting
program. This study included over 250
program participants in the Sacra-
mento, California, area, and estimated
the effect of new shade trees planted
around houses. An average of 3 new
trees were planted within 10 feet (3 m)
of each house.!> Annual cooling energy
savings were 1 percent per tree, and
annual heating energy use decreased
by almost 2 percent per tree. The trees
provided net wintertime benefits be-
cause the positive wind shielding ef-
fect outweighed the negative effect of
added shade.

Another LBNL study simulated the
effects of trees on homes in various
communities throughout the United
States. Assuming one tree was planted
to the west and another to the south
of a house, the model predicted that a
20-percent tree canopy over the house
would result in annual cooling savings
of 8 to 18 percent and annual heating
savings of 2 to 8 percent.16 Although
this particular model included ben-
efits from trees planted to the south of
a building, experts generally suggest
planting to the west and east of build-
ings, taking care when planting to the
south to avoid blocking desired solar
heat gain in the winter.17
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Reduced Air Pollution and Greenbhouse
Gas Emissions. In addition to saving en-
ergy, the use of trees and vegetation as a
mitigation strategy can provide air quality
and greenhouse gas benefits:

* Leaves remove various pollutants from
the air, referred to as “dry deposition”

* Shade trees reduce evaporative emis-
sions from parked vehicles

* Trees and vegetation remove and
store carbon

* Trees and vegetation reduce green-
house gas emissions from power plants
by reducing energy demand.

Researchers have investigated the potential
for expanding urban tree and vegetative
cover to address air quality concerns, such
as ground-level ozone. One study pre-
dicted that increasing the urban canopy of
New York City by 10 percent could lower
ground-level ozone by about 3 percent,
which is significant, particularly in places
needing to decrease emissions to meet air
quality standards for this pollutant.18

Pollutant Removal through Dry Depo-
sition. Plants generally take up gaseous
pollutants, primarily through leaf stomata,
that then react with water inside the

plant to form acids and other chemicals.
Plants can also intercept particulate mat-
ter as wind currents blow particulates into
contact with the plants’ surfaces. Some
particulates are absorbed into the plant
while others adhere to the surface, where
they can be resuspended into the atmo-
sphere by winds or washed off by rain to
the soil beneath.1® These processes can
reduce various pollutants found in the
urban environment, including particulate
matter (PM), nitrogen oxides (NOy), sulfur
dioxide (SO,), carbon monoxide (CO), and
ground-level ozone (O3).

Various studies have documented how
urban trees can reduce pollutants. A 2006
study estimated total annual air pollutant
removal by urban trees in the United States
at 784,000 tons, with a value of $3.8 bil-
lion.20 The study focused only on deposi-
tion of ground-level ozone, PM less than 10
microns in diameter (PM, ), nitrogen diox-
ide (NO,), SO,, and CO. Although the esti-
mated changes in local ambient air quality
were modest, typically less than 1 percent,
the study noted that additional benefits
would be gained if urban temperature and
energy impacts from trees and vegetation
were also included.

Reduced Evaporative Emissions. Tree
shade can keep parked cars—particularly
their gas tanks—cooler, which lowers
evaporative emissions of volatile organic
compounds (VOCs), a critical precursor
pollutant in the formation of ground-level
ozone. Most large urban areas have a wide
range of control programs to reduce these
emissions, and tree shading programs can
be part of those strategies. For example,
one analysis predicted that light-duty
vehicle evaporative VOC emission rates
throughout Sacramento County could be
reduced by 2 percent per day if the com-
munity increased the tree canopy over
parking lots from 8 to 50 percent.21

Carbon Storage and Sequestration. As
trees grow, they remove carbon from the
atmosphere and store, or sequester, it. As
trees die or deposit litter and debris on the
ground, carbon is released to the atmo-
sphere or transferred to the soil. The net
effect of this carbon cycle is a substantial
level of carbon storage in trees, vegetation,
and soils.

The net rate of carbon sequestered by
urban trees in the continental United States
in 2005 is estimated to have been around
24 million tons per year (88.5 million tons
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Plants and Carbon:
Storage versus
Sequestration

Storage: Carbon currently held in
plant tissue (tree bole, branches, and
roots).

Sequestration: The estimated
amount of carbon removed annually
by plants, through the process of
photosynthesis.

CO,eq)?2, while current total carbon stor-
age in urban trees in the continental United
States is approximately 700 million tons of
carbon. The national average urban forest
carbon storage density is just over 25 tons
per hectare (100,000 square feet, or 9,300
m2), but varies widely from one community
to another and corresponds generally to
the percentage of land with tree cover and
to tree size and health.23 The California Air
Resources Board recently approved guide-
lines that will allow carbon sequestered
from forests to help meet the carbon emis-
sions reductions stipulated by California’s
law AB32.24

Reduction in Greenbouse Gas Emis-
sions through Reduced Energy Demand.
As noted above, trees and vegetation can
decrease energy demand. To the extent that
reduced energy consumption decreases fos-
sil fuel burning in power plants, trees and
vegetation also contribute to lower carbon
emissions from those power plants. One
modeling study estimated that the direct
energy savings from shading alone by trees
and vegetation could reduce carbon emis-
sions in various U.S. metropolitan areas

by roughly 1.5 to 5 percent.?> The study
assumed that eight shade trees would be

placed strategically around residential and
office buildings and four around retail
stores. As urban forests also contribute to
air temperature reductions, the study found
that there would be additional reductions
in energy use and carbon emissions from
those indirect effects as well.

Full Life-cycle Carbon Reductions. In or-
der to investigate the full life-cycle impact
of urban trees on annual CO, emissions,
researchers consider:

* Annual CO, carbon sequestration rates
* Annual CO, releases from decomposition

* Annual CO, releases from maintenance
activities

* Annual CO, avoided emissions because
of reduced energy use.

By combining these four variables, re-
searchers can estimate the net CO, reduc-
tions from urban forest resources for a
specific community and calculate the asso-
ciated net monetary benefits. A 2000 field
study found that about 15,000 inventoried
street trees in Charleston, South Carolina,
were responsible for an annual net re-
duction of over 1,500 tons of CO,. These
benefits were worth about $1.50 per tree,
based on average carbon credit prices.20

Improved Human Health. By reducing
air pollution, trees and vegetation lower
the negative health consequences of poor
air quality. Also, similar to the benefits of
cool roofs discussed in the “Cool Roof”
chapter, shade trees can reduce heat gain
in buildings, which can help lower indoor
air temperatures and minimize the health
impacts from summertime heat waves.

A third health benefit from trees and veg-
etation involves reducing direct exposure
to UV rays. The sun’s UV rays can have
adverse health effects on the skin and eyes.
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High levels of long-term exposure to UV
rays are linked to skin cancer. The shade
provided by dense tree canopies can help
to lower UV exposure, although this should
not be considered a primary preventive
measure (see text box below).27.28

Enbanced Stormwater Management and
Water Quality. Urban forests, vegetation,
and soils can reduce stormwater runoff and
adverse impacts to water resources. Trees
and vegetation intercept rainfall, and the
exposed soils associated with plants absorb
water that will be returned to ground water
systems or used by plants.

Rainfall interception works best during
small rain events, which account for most
precipitation. With large rainfalls that con-
tinue beyond a certain threshold, vegeta-
tion begins to lose its ability to intercept
water. Stormwater retention further varies
by the extent and nature of a community’s
urban forest. During the summer, with
trees in full leaf, evergreens and conifers in

Sacramento were found to intercept over
35 percent of the rainfall that hit them.2

Reduced Pavement Maintenance Costs.
Tree shade can reduce the deterioration of
street pavement. One field study compared
pavement condition data based on different
amounts of tree shade.30 The study found
that slurry resurfacing costs on a residen-
tial street could be reduced by approxi-
mately 15 to 60 percent, depending on the
type of shade trees used. Although the spe-
cific costs and benefits will vary based on
local conditions and paving practices, the
study suggests that pavement maintenance
benefits are another area to consider in
evaluating the potential benefits of a street
shade tree program.

Enbanced Quality of Life. Trees and veg-
etation can provide a range of quality-of-
life benefits. Adding trees and vegetation to
urban parks, streets, parking lots, or roofs
can provide a habitat for birds, insects, and
other living things. A well-placed row of

program recommends:

*  Wearing a hat with a wide brim

is lowest

* Seeking shade whenever possible.

Reducing Exposure to UV Radiation

EPA’s SunWise program <www.epa.gov/sunwise> promotes a variety of actions
people can take to reduce exposure to harmful UV radiation; seeking shade is just
one of them. To reduce the risk of skin cancer, cataracts, and other health effects, the

*  Wearing sunglasses that block 99 to 100 percent of UV radiation
* Always using sunscreen of SPF 15 or higher
* Covering up with long-sleeve, tightly woven clothing

*  Watching for the UV Index to help plan outdoor activities when UV intensity

* Avoiding sunlamps and tanning salons

* Limiting time in the midday sun (from 10:00 a.m. to 4:00 p.m.)
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Trees and Property Value Benefits

Many studies show that trees and other vegetative landscaping can increase property
values. For example, shopping centers with landscaping can be more prosperous
than those without, because shoppers may linger longer and purchase more.36,37,38,39
Other studies have found general increases of about 3 to 10 percent in residential
property values associated with the presence of trees and vegetation on a property.40
The specific impacts on residential property values vary widely based on the prop-
erty, the buyer’s socioeconomic status, and other factors.

STRATUM, a USDA Forest Service tool that uses tree inventory data to evaluate the
benefits and costs of street and park trees, assumes an increase in residential prop-
erty values from tree planting measures. For an example, see the discussion on net
benefits and Figure 9 later in this chapter, which summarize data from a study that
used the STRATUM tool.4! In areas with high median residential sales prices, these
are often among the largest single category of benefits for a community.

trees and shrubs can reduce urban noise
by 3 to 5 decibels, while wide, dense belts
of mature trees can reduce noise by twice
that amount, which would be comparable
to noise reduction from effective highway
barriers.31 Urban trees and vegetation have
been linked to reduced crime,32 increased
property values,33 and other psychological
and social benefits that help decrease stress
and aggressive behavior.34.35

3.2 Potential Adverse Impacts

Before undertaking an urban forestry pro-
gram, it is important to know which types
of trees are likely to be most beneficial
and to avoid those that could cause other
problems. Evapotranspiration not only
cools the air but also adds moisture to it,
raising humidity levels. This increase may
be problematic in already humid climates.
However, there is little research on the hu-
man health and comfort trade-off between
temperature reductions and humidity in-
creases in different climates.

Although beneficial in limiting ground-level
ozone production by lowering air tempera-
ture and filtering ground-level ozone and
precursor pollutants from the air, trees and
other plants also emit VOCs. These emis-
sions are referred to as biogenic emissions.
The biogenic emissions from urban veg-
etation might counteract some of the air
quality benefits from trees. Biogenic VOC
emission rates, however, are in part depen-
dent on temperature. Thus, to the extent
that the increased use of trees and vegeta-
tion contributes to reduced temperatures,
the overall biogenic VOC emissions in an
urban area might still be reduced.42

Biogenic VOC emissions are affected by
sunlight, temperature, and humidity. The
emission rates of different tree species
vary tremendously; even trees in the same

For more information on the ozone-
forming potential (OFP) of various
trees, see <www.fragmd.org/
Biogenics.htm>.
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family and genus show wide variation in
VOC emissions.43,44 Researchers calculate
an ozone-forming potential (OFP) value
to rate the potential effect a tree species
can have on ground-level ozone forma-
tion in a given environment. To minimize
the contribution to ground-level ozone, a
mitigation program can consider low-OFP

species. Table 1 provides example OFP
ranges for common tree species in the Los
Angeles area. Communities can check with
USDA Forest Service staff in their region to
determine if there are additional resources
to help select low-OFP tree species for a
particular area and climate (see Table 5 for
links to regional Forest Service web sites).

Figure 7: The Ozone-Forming Potential of Trees

Susan McDougal/USDA NRCS PLANTS database

Red maple, on the left, has a low ozone-forming potential,
| whereas Oregon scrub oak, above, has a high potential.
Communities that want to plant trees may consider
biogenic emissions as well as other properties of trees,
such as their ability to survive in urban conditions.

Table 1: Examples of VOC Emissions from Trees in the Los Angeles Climate 4>

Ozone-Forming Potential

Common Name Genus and Species L M H
Oaks
White Oak Quercus alba v
Oregon White Oak Quercus garryana v
Scrub Oak Quercus laevis v
Valley Oak Quercus lobata v
Sand Pine Pinus clausa v
Red Pine Pinus densiflora v
Longleaf Pine Pinus palustris v

Red Maple Acer rubrum v
Silver Maple Acer floridanum v
Lisbon Lemon Citrus limon v
Meyer Lemon Citrus limon ‘Meyer’ v
Valencia Orange Citrus sinensis ‘Valencia’ v
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Other potential adverse effects include in-
creased water demand, additional solid wastes
from pruning and tree removal, and possible
damage to sidewalks, power lines, and other
infrastructure from roots or falling branches.

3.3 Costs

The primary costs associated with plant-
ing and maintaining trees or other vegeta-
tion include purchasing materials, initial
planting, and ongoing maintenance such
as pruning, pest and disease control, and
irrigation. Other costs include program
administration, lawsuits and liability, root
damage, and tree stump removal. However,
as the following section indicates, the ben-
efits of urban trees almost always outweigh
these costs.

3.4 Benefit-Cost Considerations

To help communities determine the value
of investments in urban trees and veg-
etation, groups have developed tools to
quantify the value of trees (see Section

6). These tools factor in the full range of
urban forest benefits and costs, such as
energy savings in buildings, air quality im-
provements, stormwater retention, property
value increases, and the value of mulch or
hardwood recovered during tree pruning
and removal. Some tools also track green-
house gas emissions or CO, reduction. The
tools weigh these benefits against the costs
of planting, pruning, watering, and other
maintenance throughout a tree’s life.

In calculating benefits, it is important to
note that trees grow slowly, so it may take
as long as five years for some benefits from
trees, such as energy savings, to take effect.
After 15 years, an average tree usually has
matured enough to provide the full range
of benefits. 46

Although the benefits can vary consider-
ably by community and tree species, they

Figure 8: Tree-Stump Removal

'C|ty of New Haven

Tree programs will incur certain costs, such as tree
removal.

almost always outweigh the expense of
planting and maintaining trees. For ex-
ample, one five-city study found that, on a
per tree basis, cities accrued benefits rang-
ing from roughly $1.50 to $3.00 for every
dollar invested. These cities spent about
$15-65 annually per tree, with net benefits
ranging from approximately $30-90 per
tree. In all five cities, the benefits out-
weighed the costs, as shown in Figure 9.47
Figure 9 also compares how the categories
of annual costs and benefits associated
with trees varied between these cities.

Studies in California also have shown

net annual benefits ranging from zero to
about $85 per tree.48:49,50 A community can
develop similar analyses for its mitigation
program. Places as diverse as Florence,
Alabama;>! Cedar Rapids, lowa;>2 Portland,
Oregon;>3 and Hyattsville, Maryland,>% have
all quantified the net benefits of their trees.
See Section 6 for more resources on exist-
ing studies and tools that can aid this type
of assessment.

For a simple, online tree benefit cal-
culator, see <http://usage.smud.org/
treebenefit/>.
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Figure 9: Total Annual Benefits versus Costs (Per Tree)

20.00 Benefits
80.00 B Property Value
B Stormwater
70.00+ B Air Quality
0co,
60.00+ O Energy
% 50.00+ Costs
% B Other Costs
[a]

40.001

30.00

20.00+

10.00

I Infrastructure & Liability
O Pruning, Removal, & Disposal
O Planting

0.00
Ft Collins, Cheyenne, Bismarck,
Cco Wy ND
City

Berkeley, Glendale,
CA AZ

Net benefits were positive for all five cities, ranging from $21 per tree in Cheyenne to $38 per tree in Ft. Collins. Blue and
green categories indicate benefits; red, orange, and yellow indicate costs.

4. Other Factors to Consider

4.1 Planting Considerations

Buildings

To reduce temperatures and cooling en-
ergy needs, trees planted for summer
shade should shelter western and eastern
windows and walls and have branches
high enough to maintain views or breezes
around the windows. Trees in these loca-
tions block the sun when it is at its low-
est angle: in the morning and afternoon.
Planting trees at least 5 to 10 feet (1.5 to
3 m) away from the building allows room
for growth, but shade trees should be no
more than 30 to 50 feet (9 to 15 m) away. A
building with deciduous trees for summer
shade will also allow for winter heat gain
to the building, especially if branches are
pruned to maximize sun exposure.

It might also be beneficial to shade air con-
ditioner condenser units and other building
cooling equipment with trees, vines, or shrub-
bery, as these units work less efficiently when
hot. It is important to follow manufacturer

guidelines for ensuring adequate space to al-
low for proper air flow around the equipment.

In an urban setting, neighboring buildings,
driveways, fences, and other features can
make it difficult to follow these guidelines
for planting trees. The following are the
best use of trees and vegetation:

* Optimize the shade coverage from trees
planted in less favorable locations by
pruning tree branches to a height that
blocks the summer sun, yet lets the
winter sun through.

* Use bushes, shrubs, or vines to shade
windows and walls in places where

For overall energy efficiency, some
communities might promote the use of
evergreens to block winter winds and
reduce heating needs. A row of ever-
greens might be planted perpendicular
to the main wind direction, usually to
the north or northwest of a home.

12
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Figure 10: View of a Shaded Street

E.G. McPherson

Placing trees next to the curb positions them
well to shade the street, sidewalk, and any
automobiles parked along the road.

trees will not fit. Shrubs and bushes can
shade windows or walls without grow-
ing too large or tall. Vines grow very
quickly on vertical or overhead trellises
and can be used in places with little
available space or soil.

* Consider a green or garden roof in ad-
dition to landscaping around a building
(see the “Green Roofs” chapter).

Paved Surfaces

Trees and large shrubbery also can shade
pavements to reduce their surface tempera-
tures. Planting trees at regular intervals of
20 to 40 feet (6 to 12 meters) along both
sides of a street (see Figure 10), as well as
along medians is a common way to provide
valuable shading.

Trees can also shade the perimeter and
interior space of parking lots. Although
end islands are often used for planting
trees within parking lots,>> planting strips
that run the length of a parking bay can
provide greater lot shading (see Figure 11).
Some communities have ordinances that re-
quire a certain percentage of tree shade in
parking lots. For example, Davis, California,
and Sacramento each require 50 percent

of the parking area to be shaded within 15
years after the lot is constructed.56.57

Permeable grass pavers can also provide
some of the heat reduction benefits of larger
plantings without taking up space. Grass
pavers can replace traditional pavements in
low-traffic parking areas, pedestrian walk-
ways, driveways, patios, fire lanes, and other
paved areas that are seldom used for vehicu-
lar traffic. Pavers are usually prefabricated
lattice structures made of concrete, plastic,
or metal that are specifically designed to

let water drain to the soil below while they
support pedestrians and light traffic loads.
The openings in the lattice blocks are filled
with soil and planted with grass or ground
cover, or topped with gravel or sand. See
the “Cool Pavements” chapter for further
discussion of alternative paving options.

Playgrounds, schoolyards, and sports fields
are open spaces that often offer opportuni-
ties for increasing urban tree and vegeta-
tion coverage. In addition to their cooling
benefits, trees in these areas can provide
increased shade to protect people, espe-
cially children, from the sun’s UV rays.
Shade trees are most beneficial in spe-
cific locations where people are likely to
congregate, such as around team seating,
spectator stands, jungle gyms, sandboxes,
swings, and picnic tables. Because trees
can take some time to mature, a project
sponsor may wish to consider a quicker
alternative, such as fast growing bushes or
Figure 11: Shaded Parking Lot

E.G. McPherson

Shading in parking lot medians can provide
extensive shading coverage.
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Communities can consider the use
of hardy, native trees and plants in
selecting landscaping options. See
<www.epa.gov/glnpo/greenacres>
for further information.

vines on trellises over seating and other
areas, either in place of trees or as a first
phase of adding shade vegetation.

4.2 Maintenance

Education, skill, and commitment are
necessary for planting and maintaining an
aesthetically, environmentally, and structur-
ally effective urban landscape. By adhering
to good landscape design and maintenance
practices, many common problems may be
avoided. Local cooperative extension of-
fices can provide additional information on
soil conditions and other important consid-
erations. Also, local planting guides are of-
ten available from urban forestry agencies,
utility companies, arboricultural organiza-
tions, and plant nurseries. The following
are steps to consider when maintaining
trees in an urban area,>859 helping vegeta-
tion grow faster and live a longer, healthier,
and more productive life.

e Choose the right plants. Because trees
and vegetation that are hardy enough to
survive in a specific climate require little
maintenance, communities might want
to start by considering native species.
Other characteristics to consider include:

— The vegetation’s projected height
and canopy spread

— Size and growth habits of the roots

— The plant’s sun, soil, water, and
temperature requirements

— The types of leaves, berries, and
flowers it produces

— Allergens and biogenic emissions
that can contribute to ground-level
ozone formation.

Local nonprofit tree organizations, coopera-
tive extension offices, urban foresters and
arborists, garden clubs, landscape archi-
tects, landscaping contractors, and other
groups can provide detailed information
about the best trees for a specific com-
munity’s climate, along with advice about
planting and maintaining them. See Section
6 for a list of plant selection resources.

*  Avoid maintenance problems. Com-
munities will want to avoid interfer-
ence with utilities, sidewalks, and other
infrastructure when planting trees to
avoid future maintenance problems.
Another important consideration is that
trees must have adequate soil and ac-
cess to water.

°  Make arrangements for regular care.
Especially in the early years after initial
planting, trees require regular mainte-
nance to survive. Maintenance require-
ments and costs generally decline after
a tree becomes established.

Figure 12: Regular Tree Care

b R P

J. David Mattox/City of Manhattan, Kansas

ol

]

Proper pruning and other regular care will help
trees last longer and provide greater benefits to
the community.
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4.3 Safety

The use of trees and vegetation around
buildings can increase fire risks. Communi-
ties, especially those in fire prone areas,
can find information on tree selection and
placement that minimizes those risks:

* The National Interagency Fire Center
offers suggestions for tree placement
and landscape maintenance to avoid
losses to wildland fires. See <www.nifc.
gov/preved/index.html>.

* The USDA Forest Service helps home-
owners determine and minimize fire
risk from landscaping via an interactive,
graphical tool. See <www.ecosmart.
gov/firewise>.

Project sponsors can also check with local
fire departments or street tree agencies to
evaluate and minimize fire risks for a spe-
cific tree and vegetation initiative.

5. Urban Forestry Initiatives

Communities can use various mechanisms
to increase their vegetative cover. These ef-
forts include forming public-private part-
nerships to encourage voluntary action in
the private sector to enacting ordinances.
As discussed in the chapter “Heat Island
Reduction Activities,” communities already
have developed a wide range of voluntary
and policy approaches for using urban
trees and vegetation. For public-sector
projects, local governments and organiza-
tions have undertaken efforts to expand
the use of trees and vegetation in public
spaces and adopted minimum landscaping
policies for public buildings. Tree planting
programs, used throughout many commu-
nities, often involve collaboration with non-
profit groups and electric utilities. Some
states fund urban forestry program initia-
tives dedicated to addressing urban heat
islands and other community concerns.

Figure 13: Urban Forestry Surveys and Plantings

L

Urban forestry initiatives can take multiple forms, such
as creating an inventory of existing trees or planting
additional ones.

In addition, communities have enacted vari-
ous ordinances to foster the urban forest,
including those focused on:

* Tree protection
e Street trees
* Parking lot shade

* General landscaping.

The “Heat Island Reduction Activities” chap-
ter provides a detailed description of these
initiatives. Table 2 briefly summarizes them.
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Table 2: Examples of Urban Forestry Initiatives

Type of Initiative Description Links to Examples
Research USDA Forest Service | <www.fs.fed.us/research/> - USDA Forest Service operates research
programs centers throughout the United States, including the Pacific Southwest

Research Station, which specializes in urban forestry. USDA also collabo-
rates with states and universities; for example, the Northeast Center for
Urban and Community Forestry involves the Forest Service, the Univer-
sity of Massachusetts, and seven states.

University programs | <www.cfr.washington.edu/research.envmind/index.html> - The
University of Washington College of Forest Resources supports Human
Dimensions of Urban Forestry and Urban Greening, a research program
that focuses on the interaction of vegetation and humans in cities.

<www.lhhl.uiuc.edu/> - A similar program at the University of Illinois,
Landscape and Human Health Laboratory, studies the connections be-
tween greenery and human health and behavior.

Voluntary efforts Demonstration <www.arborday.org/takeaction/homedepot2007/> - Beginning in
projects 2006, the Home Depot Foundation and the National Arbor Day Foun-
dation partnered together to plant 1,000 trees in 10 cities across the
country over a three-year period. This demonstration project is designed
to increase awareness of the importance of urban trees and to create
healthier communities in urban areas.

Incentive programs | <www.ladwp.com/ladwp/cms/ladwp000744.jsp> - Trees for a Green
LA provides Los Angeles residents with free shade trees if they par-
ticipate in a tree planting and maintenance workshop and submit a
program application that includes a site plan.

<www.ci.seattle.wa.us/neighborhoods/nmf/treefund.htm> - The Tree
Fund, a component of the Neighborhood Matching Fund, provides trees
to neighborhood groups in Seattle to enhance the city’s urban forest.
The city government provides the trees, and neighbors share the work of
planting and caring for them.

Urban forestry <www.treevitalize.net/> - TreeVitalize is a public-private partnership that
programs uses regional collaboration to address the loss of tree cover in the five-
county Southeastern Pennsylvania region. Goals include planting 20,000
shade trees; restoring 1,000 acres of forests along streams and water pro-
tection areas; and training 2,000 citizens to plant and care for trees.

<www.groundworkelizabeth.com/> - Groundwork Elizabeth is a non-
profit corporation created to “foster sustainable community regenera-
tion”in Elizabeth, New Jersey. It is an outgrowth of a program developed
by the National Park Service called Groundwork USA.

Voluntary efforts Urban forestry <www.milliontreesla.org> - Million TreesLA is a cooperative effort
among the City of Los Angeles, community groups, businesses, and indi-
viduals working together to plant and provide long-term stewardship of
1 million trees.
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Table 2: Examples of Urban Forestry Initiatives (continued)

Type of Initiative

Description

Outreach & educa-

tion

Links to Examples

<www.epa.gov/heatisland/> - EPA’s Heat Island Reduction Initiative
provides information on the temperature, energy, and air quality impacts
from urban forestry and other heat island mitigation strategies.

<http://cfpub.epa.gov/npdes/home.cfm?program_id=298> - EPA's
Office of Water highlights design options, including trees and vegetation
that reduce stormwater runoff and water pollution.

<www.treeutah.org/> - TreeUtah is a statewide, volunteer driven, non-
profit organization dedicated to tree planting and education. Since 1989,
TreeUtah has worked with over 100,000 volunteers to plant over 300,000
trees throughout Utah, providing training workshops for adults and
teens, education for elementary students, service learning opportunities
through the University of Utah, and alternative spring break for college
students to plant trees in urban neighborhoods.

<www.ladwp.com/ladwp/cms/ladwp001087.jsp> - The Los Angeles
Cool Schools Program provides students with an educational curricu-
lum about trees and the environment, in addition to planting trees
around schools.

Policy efforts

Resolutions

<www.ci.annapolis.md.us/upload/images/government/council/
Adopted/R3806.pdf> - The Annapolis, Maryland, City Council estab-
lished an Energy Efficiency Task Force in 2005 to make recommendations
on how the city could reduce energy costs, energy consumption, and its
reliance upon foreign petroleum. One of the Task Force’s recommenda-
tions was to increase the urban tree canopy to 50 percent of the city’s
land area by 2036. The recommendations were approved by the City
Council in 2006.

<www.ci.austin.tx.us/trees/res_985.htm> - The Austin, Texas, City
Council adopted a resolution in 2001, acknowledging the urban heat
island and available mitigation efforts. The resolution called on the City
Manager to evaluate the fiscal impact and cost benefits of recommenda-

tions made by the City’s Heat Island Working Group.
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Table 2: Examples of Urban Forestry Initiatives (continued)

Type of Initiative

Description

Tree & landscape
ordinances

Links to Examples

<www.cityofsacramento.org/parksandrecreation/urbanforest/
ordinance.htm> - Sacramento, California, has a performance-based
parking lot shading ordinance with detailed design and maintenance
guidelines to help owners with compliance.

<www.ci.austin.tx.us/trees/programs.htm> - Austin’s tree preserva-
tion ordinance specifies that new development projects are evaluated
on a case by case basis to ensure tree preservation and planting of high
quality native and adapted trees.

Policy efforts

State Implementa-
tion Plans (SIPs)

<www.treescleanair.org> - This web site, sponsored by the USDA Forest
Service, evaluates options for including urban forest initiatives in a SIP, a
federally-enforceable air quality management plan.

<www.houstonregionalforest.org/Events/SIPTreeWorkingSession> -
This link provides materials available from a working session on issues
and ideas about incorporating urban forest initiatives into a SIP.

<www.fs.fed.us/ne/syracuse/Emerging%20Measures%20Summary.
pdf> - This paper provides a brief summary of relevant EPA SIP guidance
and details actions to help facilitate the inclusion of urban tree canopy
increases within SIPs to meet clean air standards.

<www.fs.fed.us/psw/programs/cufr/products/
cufr_668_SacAirQualityInit6-21-06.pdf> - This link profiles the Sac-
ramento, California, area project that is evaluating tree planting as a SIP

reduction strategy for ground-level ozone.
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6. Resources Figure 14: Green Walls

6.1 Plant Selection

. \\
One of the key factors in a successful tree e —

or vegetation mitigation project is choosing
the right plants. Various web-based plant
selection guides are available, including
those listed in Table 3. For local informa-
tion on tree selection, communities can

contact tree planting organizations, com- g
munity arborists, horticultural organiza- 13’
tions, or landscape design consultants. 33
Also, the land development codes and 4;
guidelines in many communities include s &
lists of recommended and prohibited - 8
species, along with guidance on planting In places where it may be difficult to plant more vegetation, green
methods and site selection. roofs and green walls, such as this one on a store in Huntsville,

Alabama, offer an alternative. See the “Green Roofs” chapter.
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Table 3: Web-Based Plant Selection Guides*

Description

General Information

Web Link

International Society of Arbori-
culture Tree Selection

Tree Guide Advanced Search

Overview of variables to consider, including
tree function, form, size, and site conditions.

Database of trees that can be searched by
variables including sun exposure, hardiness
zone, tree shape, and height.

<www.treesaregood.com/treecare/
tree_selection.aspx>

<www.arborday.org/trees/
treeguide/advancedsearch.cfm>

PLANTS Database

Database of information about U.S. plants,
with an advance search by name, location,
and environmental variables, such as soil
type, fire tolerance, and flower color.

<http://plants.usda.gov>

SelecTree for California

Tree Link

Database of California trees that can be
searched by name or environmental variable.

List of recommended trees by USDA hardi-
ness zone; links to regional tree information.

<http://selectree.calpoly.edu/>

Lists of Recommended Trees

<www.treelink.org/docs/zonemap.
phtml>;

<www.treelink.org/
linx/?navSubCatRef=20>

Recommended Urban Trees

Description of recommended urban trees for
USDA hardiness zones 1-6, listed by tree size
and planting conditions.

<www.hort.cornell.edu/uhi/out-
reach/recurbtree>

Cleaner Air, Tree by Tree: A
Best Management Practices
and Guide for Urban Trees in
Southern Nevada

Handbook for cultivating recommended
trees to mitigate urban heat islands in south-
ern Nevada.

<www.forestry.nv.gov/docs/
shades%20_green_bmp_guide07.
pdf>

Tree Selection Guide for
South Carolina

List of trees recommended for South
Carolina and tips on what to consider when
selecting trees.

<www.state.sc.us/forest/refsel.ntm>

* For information on the ozone-forming potential of various trees, see the list in Estimating the Ozone-forming Potential of Urban Trees and Shrubs.5®
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6.2 Benefit-Cost and Other Tools

Mitigation programs can use existing re-
search and tools to conduct benefit-cost
analyses for urban forest projects. Some of

these resources include:

Table 4: Urban Forestry Tools and Resources

i-TREE software suite

Description

Tree Inventory, Benefit, and Cost Resources

Developed by the USDA Forest Service, the
i-TREE software suite is available free-of-charge
on CD-ROM by request. The software suite uses
data gathered by the community to provide an
understanding of urban forest structure, infor-
mation on management concerns, cost-benefit
information, and storm damage assessment. The
software allows for analyses of a single street tree,
a neighborhood, or an entire urban forest. i-Tree
combines STRATUM and UFOREthe Mobile Com-
munity Tree Inventory (MCTI) (see below).

Web Link

<www.itreetools.org/index.

shtm>

Street Tree Resource Analysis
Tool for Urban forest Managers
(STRATUM)

STRATUM is a USDA Forest Service tool that uses
tree inventory data to evaluate the benefits and
costs of street and park trees and estimate man-
agement needs.

<www.itreetools.org/street_

trees/introduction_step1.
shtm>

Urban Forest Effects (UFORE)

UFORE is a USDA Forest Service tool that uses
tree inventory data to model and quantify urban
forest structure (e.g., species composition, tree
density, tree health, leaf area, leaf and tree bio-
mass, species diversity), environmental effects,
and value to communities.

<www.ufore.org>

The Mobile Community Tree
Inventory (MCTI)

MCTI is a USDA Forest Service tree inventory tool
that can be customized to individual communities.
Data can be collected either by paper tally sheet,
or the Tree Inventory PDA Utility, which simplifies
data input. Data collected can then be used with
the STRATUM or UFORE applications.

<www.itreetools.org/
applications/mcti.shtm>

ecoSmart

The Center for Urban Forest Research publishes a
web-based software program designed to evalu-
ate the economic trade-offs between different
landscape practices on residential parcels. The
program estimates the environmental and cost
impacts of strategic tree placement, rainfall man-
agement, and fire prevention practices.

<www.ecosmart.gov/>

TREES AND VEGETATION — DRAFT

21


http://www.itreetools.org/index.shtm
http://www.itreetools.org/index.shtm
http://www.itreetools.org/street_trees/introduction_step1.shtm
http://www.itreetools.org/street_trees/introduction_step1.shtm
http://www.itreetools.org/street_trees/introduction_step1.shtm
http://www.ufore.org
http://www.itreetools.org/
http://www.ecosmart.gov/

Table 4: Urban Forestry Tools and Resources (continued)

Tree Inventory, Benefit, and Cost Resources (continued)

Description

Web Link

Municipal Forest Resource
Analysis

The Center for Urban Forest Research publishes a
series of reports on benefits and costs of tree pro-
grams in various U.S. regions and communities.

<www.fs.fed.us/psw/
programs/cufr/
products.shtml>

See “Tree Guides”and
“Municipal Forest Resource
Analysis”

Urban Forestry Index (UFind)

Database of current and historic urban forestry
and arboriculture publications and other media
compiled by the USDA Forest Service, the Univer-
sity of Minnesota, and TreeLink with the goal of
increasing access to urban forestry material and
preventing duplication of products.

<www.urbanforestryindex.
com/>

A Practical Approach to Assessing
Structure, Function, and Value of
Street Tree Populations in Small
Communities

This 14-page report gives step-by-step instruc-
tions for estimating benefits and costs of trees in
a specific community, using Davis, California as a
case study.

<www.fs.fed.us/psw/
programs/cufr/products/
cufr_128.pdf>

The Community and Urban For-
est Inventory and Management
Program (CUFIM)

Produced by the Urban Forest Ecosystems Insti-
tute of California Polytechnic State University,
the Community and Urban Forest Inventory and
Management Program (CUFIM) is a free Microsoft
Excel-based program that helps to inventory
urban trees and estimate an economic value of
wood recovery.

User guide: <www.ufei.org/
files/ufeipubs/CUFIM_
Report.pdf>

Program files: <www.ufei.
org/files/ufeipubs/CUFIM.
zip>

CITYgreen

OUTdoor COMfort Expert System
(OUTCOMES)

American Forests developed CITYgreen, a graphi-
cal information system application based on

the UFORE model that is available for purchase.
The software calculates ecologic and economic
benefits from urban trees, including energy sav-
ings, air quality, stormwater improvements, water
quality, and carbon storage and sequestration.
CITYgreen also models changes in land cover and
can be used in planning green infrastructure.

The USDA Forest Service developed the OUTdoor
COMfort Expert System (OUTCOMES), which
calculates a human comfort index by considering
weather variables, tree density and shade pattern,
and other neighborhood features.

<www.americanforests.org/
productsandpubs/
citygreen/>

Comfort Tool

<www.fs.fed.us/ne/
syracuse/Tools/tools.htm>
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Table 4: Urban Forestry Tools and Resources (continued)

Description

Carbon Calculators

Web Link

Individual tree carbon calculators

The USDA Forest Service has developed spread-
sheet programs to estimate the carbon storage
and sequestration rates for a sugar maple and

a white pine. These spreadsheets provide a
rough approximation of tree carbon storage and
sequestration rates based on user-inputs of tree
growth rates.

<www.fs.fed.us/ne/
syracuse/Tools/tools.htm>

Carbon dioxide calculators for

The USDA Forest Service provides guidelines for

<www.fs.fed.us/psw/

Calculating Carbon Sequestration
by Trees in
Urban and Suburban Settings

ance to calculate carbon sequestration by trees

in urban and suburban settings. The guidance is
intended for participants in the Voluntary Report-
ing of Greenhouse Gases Program and provides a
methodology and worksheet for calculations.

urban forestry urban foresters and arborists, municipalities, utili- | programs/cufr/products/
ties, and others to determine the effects of urban | cufr_43.pdf>
forests on atmospheric CO, reduction.

Method for The Department of Energy has developed guid- <ftp://ftp.eia.doe.gov/pub/

oiaf/1605/cdrom/pdf/
sequester.pdf>
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6.3 General Information

Table 5 lists organizations and web sites
that contain additional information and
reference materials on urban forestry.

Table 5: Urban Forestry Organizations and Web Sites

Name

Center for Urban Forest Research,
part of the USDA Forest Service’s
Pacific Southwest Research Sta-
tion

Description

Publishes research on the benefits and
costs of urban trees, including urban heat
island, energy, air quality, climate change,
and water impacts. Is involved with
developing the California urban forestry
greenhouse gas reporting protocol and
developed STRATUM and ecoSMART.

Web Link

<www fs.fed.us/psw/programs/cufr>

Urban Forest Research Unit, part
of the USDA Forest Service's
Northeastern Research Station

Provides research on urban forest struc-
ture and the quantification of urban
forest benefits, particularly air quality.
Developed the UFORE and COMFORT
models and conducts national urban
forest assessments.

<www.fs.fed.us/ne/syracuse>

Urban Natural Research Institute,
part of the USDA Forest Service
Northern Research Station

Provides monthly web casts and other
online resources targeted to the science
of urban forestry.

<www.unri.org>

Urban and Community Forestry

Program, Northeastern Area, part
of the USDA Forest Service's State
and Private Forestry mission area

Resources on tree planting and care, ur-
ban forest management, and outreach
and marketing. The Urban and Commu-
nity Forestry Program provides techni-
cal, financial, educational, and research
services to states, cities, and nonprofit
groups so they can plant, protect, main-
tain, and utilize wood from community
trees and forests to maximize environ-
mental, social, and economic benefits.

<www.na fs.fed.us/urban/index.
shtm>

Urban Forestry South,
part of the USDA Forest Service's
Southern Research Station

Published the Urban Forestry manual,
a 12-chapter guidebook including
cost-benefit information, public policy
strategies, and tree planting sugges-
tions. Urban Forestry South also hosts
the Tree Failure Database.

<www.urbanforestrysouth.org/>

TreelLink

Provides a links database, listserves, web
casts, advice on grant writing, and links
to local community forestry groups.

<www.treelink.org>
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Table 5: Urban Forestry Organizations and Web Sites (continued)

NEINE

National Alliance for Community
Trees (ACT)

Description

Operates the NeighborWoods Program,
offering grants to community forestry
groups. The web site also has links to
local community forestry groups, public
policy updates, case studies of tree
planting programs, a media kit, and a
bi-monthly e-newsletter, and monthly
web casts.

Web Link

<www.actrees.org>

National Arbor Day Foundation

Provides information about local tree
planting programs and events and
resources for environmental educators
and parents.

<www.arborday.org/>

Sustainable Urban Landscape
Information Series

Covers urban landscape design, plant

selection, installation, and maintenance.

<www.sustland.umn.edu/>

American Society of Landscape
Architects (ASLA)

Professional association for landscape
architects. Includes a search tool to
locate ASLA firms. ASLA is developing a
sustainability rating system for land-
scaped sites, comparable to the USGBC
LEED standard for buildings, as well as
regional guides to best practices.

<www.asla.org>
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Green Roofs

reen roofs are an emerging technol-

ogy that can help communities miti-

gate urban heat islands. A green roof
is a vegetative layer grown on a rooftop.
As with trees and vegetation elsewhere,
vegetation on a green roof shades surfaces
and removes heat from the air through
evapotranspiration. These two mechanisms
reduce temperatures of the roof surface
and the surrounding air. The surface of a
vegetated rooftop can be cooler than the
ambient air, whereas conventional rooftop
surfaces can exceed ambient air tempera-
tures by up to 90°F (50°C).2 Green roofs
can be installed on a wide range of build-
ings, including industrial, educational,
and government facilities; offices; other
commercial property; and residences. This
chapter reviews:

*  How green roofs work to mitigate
heat islands

* What types of green roofs are available
* The benefits and costs of green roofs

* Other factors to consider in using this
mitigation strategy

* Initiatives used to promote green roofs

* Tools and resources to further explore
this technology.

Opportunities to Expand Use of
Green Roofs in Urban Areas

Most U.S. cities have significant opportunities to
increase the use of green roofs. As part of EPA’s
Urban Heat Island Pilot Project, the Lawrence
Berkeley National Laboratory conducted analyses
to estimate baseline land use and tree cover in-
formation for the pilot program cities.! Figure 1
shows the percentage of roof cover in four of these
urban areas: roofs account for 20 to 25 percent of
land cover. Even though not all these areas will be
likely candidates for installing a green roof, there
is a large opportunity to use green roofs for heat
island mitigation.

Figure 1: Roof Cover Statistics for Four U.S. Cities
(Below Tree Canopy)

Salt Lake City

Sacramento

Chicago

Percent Coverage
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1. How It Works

With regard to urban heat islands, green
roofs work by shading roof surfaces and
through evapotranspiration. Using green
roofs throughout a city can help reduce
surface urban heat islands and cool the air.

Shading. The plants of a green roof and
the associated growing medium, a specially
engineered soil, block sunlight from reach-
ing the underlying roof membrane. Though
trees and vines may not be common on
green roofs, they indicate how other vege-
tation on green roofs shade surfaces below
them. For example, the amount of sunlight
transmitted through the canopy of a tree
will vary by species. In the summertime,
generally only 10 to 30 percent of the sun’s
energy reaches the area below a tree, with

Green Roof Market

In the United States demand and
interest in green roofs has grown
tremendously. A survey of Green
Roofs for Healthy Cities members
found that 25 percent more square
feet of green roofing were installed
in the United States in 2005 than in
2004.3 A Green Roofs Project Data-
base, available at <www.greenroofs.
com/projects/plist.php>, estimated

a total of 6.6 million square feet
(614,000 m2) of completed or ongo-
ing green roof projects in the United
States as of June 2007. Germany,
widely considered a leader in green
roof research, technology, and usage,
has had decades of experience with
green roofs. An estimated 10 percent
of all flat roofs in Germany are roof-
top gardens.%5

Figure 2: Intensive Green Roof in

Frankfurt, Germany
- uich z

I
5]
£
IS
S
S
©
2
v
£
=
=

Germany has long been a leader in green roofs; an
intensive green roof covers much of this building
in Frankfurt.

the remainder being absorbed by leaves
and used for photosynthesis and some
being reflected back into the atmosphere.
In winter, the range of sunlight transmit-
ted through a tree is much wider—10 to 80
percent—because evergreen and decidu-
ous trees have different wintertime foliage,
with deciduous trees losing the leaves and
allowing more sunlight through.¢

Shading reduces surface temperatures
below the plants. These cooler surfaces,

in turn, reduce the heat transmitted into
buildings or re-emitted into the atmo-
sphere. For example, a multi-month study
measured maximum surface temperature
reductions due to shade trees ranging from
20 to 45°F (11-25° C) for walls and roofs

at two buildings.” Another study examined
the effects of vines on wall temperatures,
and found reductions of up to 36°F (20°C).8
Furthermore, the growing medium of a
green roof itself protects the underlying
layers from exposure to wind and ultravio-
let radiation.
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Evapotranspiration. Plants absorb water
through their roots and emit it through their
leaves—this movement of water is called
transpiration. Evaporation, the conversion
of water from a liquid to a gas, also occurs
from the surfaces of vegetation and the sur-
rounding growing medium. Together, the
processes of evaporation and transpiration
are referred to as evapotranspiration. Evapo-
transpiration cools the air by using heat
from the air to evaporate water.

Figure 3: Evapotranspiration and
Shading on a Green Roof

Evapotranspiration

Thermal mass
| |
’ Indoor |

Karen Liu

Plant shade reduces the sunlight that reaches the
roof. Evapotranspiration further cools a green roof
by using heat to evaporate water from the growing
medium and plant surfaces

Green roof temperatures depend on the
roof’s composition, moisture content of the
growing medium, geographic location, so-
lar exposure, and other site-specific factors.
Through shading and evapotranspiration,
most green roof surfaces stay cooler than
conventional rooftops under summertime
conditions. Numerous communities and
research centers have compared surface
temperatures between green and conven-
tional roofs. For example:

* Chicago compared summertime surface
temperatures on a green roof with a
neighboring building. On an August
day in the early afternoon, with tem-
peratures in the 90s, the green roof

surface temperature ranged from 91 to
119°F (33 to 48°C), while the dark, con-
ventional roof of the adjacent building
was 169°F (76°C). The near-surface air
temperature above the green roof was
about 7°F (4°C) cooler than that over
the conventional roof.?

* A similar study in Florida found that
the average maximum surface tempera-
ture of a green roof was 86°F (30°C)
while the adjacent light-colored roof
was 134°F (57°C).10

Reduced surface temperatures help build-
ings stay cooler because less heat flows
through the roof and into the building. In
addition, lower green roof temperatures
result in less heat transfer to the air above
the roof, which can help keep urban air
temperatures lower as well. Some analyses
have attempted to quantify the potential
temperature reductions over a broad area
from widespread adoption of green roof
technology. A modeling study for Toronto,
Canada, for example, predicted that adding
green roofs to 50 percent of the available
surfaces downtown would cool the entire
city by 0.2 to 1.4°F (0.1 to 0.8°C). Irrigating
these roofs could further reduce tempera-
tures by about 3.5°F (2°C) and extend a 1
to 2°F (0.5-1°C) cooled area over a larger
geographic region. The simulation showed
that, especially with sufficient moisture for
evaporative cooling, green roofs could play
a role in reducing atmospheric urban heat
islands.11

A similar study in New York City modeled
air temperature reductions two meters, or
6.5 feet, above the roof surface based on a
scenario assuming 100 percent conversion
of all available roofs area to green roofs.
The model results estimated a temperature
reduction of about 0.4°F (0.2°C) for the city
as a whole, averaged over all times of the
day. The model projected that temperatures
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at three o’clock in the afternoon would

be reduced 0.8°F (0.4°C). The researchers
also evaluated, in detail, six areas within
the city. The area with the highest 24-hour
average reduction in temperature had a
change of 1.1°F (0.6°C), and the reductions
at three o’clock in the afternoon in those
six areas ranged from 0.8°F (0.4°C) to 1.8°F
(1.0°C).12

2. Green Roof Types

A green roof can be as simple as a 2-inch
(5 cm) covering of hardy, alpine-like
groundcover, generally termed an “exten-
sive” system, or as complex as a fully ac-
cessible park complete with trees, called an
“intensive” system.

2.1 Extensive Green Roofs

For the simpler, lighter weight extensive
green roof system, plant selections typi-
cally include sedums—succulent, hardy
plants—and other vegetation generally suit-
able for an alpine environment. The con-
cept is to design a rugged green roof that
needs little maintenance or human interven-
tion once it is established. Plants adapted to
extreme climates often make good choices
and may not require permanent irrigation
systems. Overall, because of their light
weight, extensive systems will require the

National Center of Excellence/ASU

least amount of added structural support,
which improves their cost-effectiveness
when retrofitting an existing structure.

Extensive green roofs have been grown on
roofs with slopes of 30° or more, which
would equal a ratio of rise to run of 7:12 or
greater. (In contrast, a low-sloped roof with
a ratio of rise to run of 2:12 would have a
slope of 9.5°.) The slope determines if the
roof will need additional support to hold
the growing medium and other parts of the
vegetative layer in place. Steeper roofs may
retain less stormwater than an equivalent,
flatter roof.

2.2 Intensive Green Roofs

An intensive green roof is like a conven-
tional garden, or park, with almost no limit
on the type of available plants, including
large trees and shrubs. Building owners or
managers often install these roofs to save
energy and provide a garden environment
for the building occupants or the general
public to enjoy. Compared to extensive
green roofs, intensive green roofs are
heavier and require a higher initial invest-
ment and more maintenance over the long
term than extensive roofs. They generally
require more structural support to ac-
commodate the weight of the additional
growing medium and public use. Intensive
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Figure 5: Combination Extensive/
Intensive Green Roof—The Rooftop
Garden on Chicago’s City Hall

Conservation Design Forum, EImhurst, lllinois

The photograph provides an example of a
combination extensive/intensive green roof on
Chicago’s City Hall.

systems also need to employ irrigation
systems, which can use rainwater captured
from the roof or another source.

3. Benefits and Costs

Green roofs provide many of the same
benefits that trees and other ground level
vegetation provide. Green roofs have an
advantage, though, in that they can be
used in dense, built-up areas that may not
have space for planting at the ground level.
The benefits of vegetation were discussed

Green Roofs and Green
Walls

In addition to green roofs, build-
ing owners can install green walls,
sometimes referred to as living walls
or vertical gardens. These walls can
involve placing trellises or cables in
front of exterior walls and allowing
vines to grow up them, or can be
more elaborate, with plants actually
incorporated into the wall.13

Figure 6: Ford’s Dearborn Truck Plant: An
Example of an Extensive Green Roof

Green Roofs for Healthy Cities/www.greenroofs.org

Ford’s Dearborn ruck Plant in Michigan covers 10.
acres (42,100 m2) and is anticipated to reduce the
building’s energy costs by 7 percent.1>

in the “Trees and Vegetation” chapter and
are briefly described here in the context of
green roofs.

3.1 Benefits

Reduced Energy Use. Green roofs can
save energy needed to cool and heat

the buildings they shelter. When green
roofs are wet, they absorb and store large
amounts of heat, which reduces tempera-
ture fluctuations. When dry, green roof lay-
ers act as an insulator, decreasing the flow
of heat through the roof, thereby reducing
the cooling energy needed to reduce build-
ing interior temperatures. In the winter,
this insulating effect means that less heat
from inside the building is lost through the
roof, which reduces heating needs. In the
summertime, green roof vegetation reduces
roof surface temperatures and ambient air
temperatures, thus lowering cooling energy
demand. The insulating properties of green
roofs vary as they are dynamic systems that
change throughout the year, particularly
with regard to water storage. As with cool
roofs, discussed in the “Cool Roof” chapter,
green roofs should not be used as a substi-
tute for insulation.
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Figure 7: Green Wall in Huntsville, Alabama

This 2,000-square foot (190 m2) green wall on a store
in Huntsville, Alabama, is one of the largest in North
America. 4

Green Roof Types—
Changing Nomenclature?

The term “low profile” has been used
in place of “extensive” to describe
green roofs that are lighter weight,
shallower, and simpler. Similarly,
“high profile” or “deep profile” has
been used instead of “intensive” to
describe a heavier, more complex
green roof system with deeper soil.

Figure 8 compares the average daily flow
of heat through a dark, conventional roof
and an extensive green roof in Ottawa,
Canada. During the spring and summer,
from May to September 2001, the energy
demand needed to remove heat that flowed
through the conventional roof was six to
eight kilowatt hours (kWh) a day, while the
green roof’s energy demand from heat flow
was less than 1.5 kWh a day, a reduction of
more than 75 percent. In contrast, during
the fall and winter months, from Novem-
ber 2000 through March 2001, heat flow
through the green roof was only slightly

less than the reference roof in all months
except January, so that the energy demand
from both roofs was relatively similar.
During this time, snow had accumulated,
and the temperatures of both roofs stayed
about the same.10

Although green roofs can save energy both
in summer and winter, the specific savings
will depend on the local climate and individ-
ual building and roof characteristics, such as
size, use, and insulation. For example:

* Chicago estimates that its City Hall
green roof project could provide cool-
ing savings of approximately 9,270
kWh per year and heating savings of
740 million Btus.18 This translates into
annual, building-level energy savings of
about $3,600.

* A Canadian study modeled the heating
and cooling energy savings of a roughly
32,000- square foot (2,980 m?2) green
roof on a one-story commercial build-
ing in Toronto.1? The analysis estimated
that the green roof could save about 6
percent of total cooling and 10 percent
of heating energy usage, respectively,
or about 21,000 kWh total. The study
noted that the cooling energy savings
would be greater in lower latitudes.

For instance, when the authors ran the
same simulation for Santa Barbara, Cali-
fornia, the cooling savings increased to
10 percent.

* A study in central Florida measured
year-round energy savings from a green
roof. By the roof’s second summer, the
average rate of heat transfer, or flux,
through the green roof was more than
40 percent less than for the adjacent
light-colored roof. The reduced heat
flux was roughly estimated to lower
summertime energy consumption of
the 3,300 square foot (1,000 m2) project
building by approximately 2.0 kWh per
day.20 Under winter heating conditions,
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Figure 8: Comparison of Average Daily Energy Demand Due to Heat Flow Through an Extensive
Green versus Conventional Roof in Ottawa, Canada'’
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This chart shows the average daily energy demand due to observed heat flow through a green and conventional roof.
The period of evaluation was November 22, 2000, through September 30, 2001.

when the outdoor air temperature was
less than 55°F (13°C), the heat flux was
almost 50 percent less for the green
roof than for the conventional roof.2!

Reduced Air Pollution and Greenbouse
Gas Emissions. As described in the
“Trees and Vegetation” chapter, vegetation
removes air pollutants and greenhouse
gas emissions through dry deposition and
carbon sequestration and storage. The
reduced energy demand from green roofs
also reduces air pollution and greenhouse
gas emissions associated with energy
production. Further, because ground-level
ozone forms more readily with the rise in
air temperatures, green roofs help slow
the formation of ground-level ozone by
lowering air temperatures. As with trees
and vegetation, when selecting vegetation
for a green roof, building owners in areas
with poor air quality may want to consider
the volatile organic compound (VOC)
emissions from certain plant species, as
VOCs are a ground-level ozone pre-cursor.

Plant surfaces can remove certain pollut-
ants from the air through dry deposition.

A green roof can remove particulate mat-
ter (PM) and gaseous pollutants, includ-
ing nitrogen oxides (NOy), sulfur dioxide
(SO,), carbon monoxide (CO), and ground-
level ozone (O3) from the air. Many studies
have investigated the potential air pollutant
removal of green roofs:

* Researchers estimate that a 1,000-square
foot (93 m?) green roof can remove
about 40 pounds of PM from the air in a
year, while also producing oxygen and
removing carbon dioxide (CO,) from
the atmosphere.22 Forty pounds of PM
is roughly how much 15 passenger cars
will emit in a year of typical driving.23

* A modeling study for Washington, D.C.,
examined the potential air quality ben-
efits of installing green roofs on 20
percent of total roof surface for buildings
with roofs greater than 10,000 square feet
(930 m2). Under this scenario, green roofs
would cover about 20 million square
feet (almost 2 million m2) and remove,
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annually, about 6.0 tons of O3 and almost
6 tons of PM of less than 10 microns
(PM,), or the equivalent of the pollutants
that could be absorbed by about 25,000
to 33,000 street trees.24

* A similar study for the midtown area
of Toronto modeled various green
roof scenarios and compared pollutant
reductions with existing baseline urban
tree and shrub benefits. One scenario
involved green roofs on flat roof surfac-
es, representing 20 percent of midtown
roofs in total, such as commercial, high-
rise residential, and institutional build-
ings. In that scenario, the green roofs
removed about 10 to almost 20 percent
of the pollution that existing trees and
shrubs remove, depending on the pol-
lutant examined. If green roofs were
added to all available surfaces across
midtown Toronto, the model predicted
that green roofs’ collective performance
would increase to between roughly 25
and 45 percent of the reductions cur-
rently obtained by existing vegetation.2>

Vegetation and the growing medium on
green roofs also can store carbon. Because
many of the plants are small and the grow-
ing medium layer is relatively thin, green
roofs tend not to have as large a carbon
storage capacity as trees or urban forests.

Improved Human Health and Comfort.
Green roofs, by reducing heat transfer
through the roof of a building, can improve
indoor comfort and reduce heat stress as-
sociated with heat waves. The use of cool
roofs (see “Cool Roof” chapter) provides
similar indoor air temperature benefits.
These improvements in building comfort
can yield human health benefits, particu-
larly in non-air conditioned buildings.

Enbanced Stormwater Management
and Water Quality. Another key benefit
of green roofs is that they can reduce and

Figure 9: Green Roof on Seattle Public Library

Green Roofs for Healthy Cities/www.greenroofs.org

Municipal buildings, such as this public library in
Seattle, have often been used to demonstrate the
benefits of green roofs and the feasibility of the
technology.

slow stormwater runoff in the urban en-
vironment. The plants and growing me-
dium of a green roof, in the same manner
as other natural surfaces and vegetation,
absorb water that would otherwise become
runoff. The amount of rainfall retained by

a green roof will depend primarily on the
depth of the growing medium and may also
be affected by the roof slope. Studies have
shown that extensive roofs will typically
capture between 50 and nearly 100 percent
of incoming rain, depending on the amount
of growing medium used, the density of
vegetation, the intensity of an individual
rainstorm, and the frequency of local rain
events.20 An intensive green roof, with thick-
er layers of growing medium, will capture
more rainfall under comparable conditions
than an extensive roof. Field study results
below help illustrate these findings:

* A North Carolina study of actual green
roof performance found that test green
roofs reduced runoff from peak rainfall
events by more than 75 percent and that
the roofs temporarily stored and then
released, through evapotranspiration,
more than 60 percent of all rainfall.2”

* A Canadian green roof demonstration
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measured significant reductions in
runoff over a six-month period, with
steep reductions in five of the six
months, and then lower reductions in
one month that had many large rain
events, which did not allow the grow-
ing medium to dry out between events.
Overall, this project showed the green
roof reduced runoff by more than 50
percent.28

* A green roof demonstration project
in Portland, Oregon, examined runoff
reductions over a 15-month period. In
that study, a green roof with about four
inches (10 cm) of growing medium
reduced runoff by almost 70 percent.2?
In addition, the authors noted that the
retention rate appeared to increase over
time, which might be related to matur-
ing vegetation. Because of the benefits
in controlling stormwater, Portland has
approved green roofs (or “eco-roofs”)
as a technique to help meet stormwater
management requirements for new devel-
opment and redevelopment projects. 30

Stormwater retention will vary with local
conditions, and communities generally
consider this when projecting the poten-
tial stormwater benefits of green roofs in
their area.

Even when a green roof does not retain all
the water from a storm, it can detain runoff
for later release and reduce the runoff

rate. For example, the same Portland study
demonstrated that the green roof reduced
peak run-off rates by 95 percent during an
intense storm.3! The North Carolina study
found that average peak runoff rates from
the green roofs were roughly 75-85 percent
less than average peak rainfall rates, so that
even when rain was falling on average at

Various research projects are un-
derway to continue monitoring
pollutants in stormwater runoff
from green roofs, such as those at
Pennsylvania State University’s Green
Roof Research Center, North Carolina
State University’s Greenroof Research
program, the Green Roof Test Plots
research at the Chicago Center for
Green Technology, and Portland, Or-
egon’s Eco-Roof program.

about 1.5 inches/hr (42 mm/hr), it ran off
the green roof at less than 0.25 inches/hr
(6 mm/hr).32 Reduced rates of runoff can
help communities minimize flooding and
combined sewer overflow (CSO) events.*

The plants and growing medium of a
green roof not only retain and delay

the release of stormwater but also act

as a filter. Findings from various studies
demonstrate the ability of green roofs to
remove pollutants and highlight the need
to select growing media carefully to avoid
elevated levels of certain pollutants, which
may initially leach from organic materials.
A 2005 Canadian report synthesized past
studies on this issue.33 It noted that sev-
eral studies from Europe had found that
green roofs can bind and retain significant
levels of pollutants, with one study stat-
ing that green roofs could remove up to
95 percent of the cadmium, copper, and
lead from stormwater runoff. The study
also summarized findings from a moni-
toring program on a green roof in York,
Ontario, which found decreased pollutant
concentrations compared to a control roof.
The reductions ranged from 80 to almost

* Combined sewer systems are single-pipe systems that carry sewage and stormwater runoff together; when they overflow during heavy rain, they dis-

charge directly into surface waters.
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95 percent for several pollutants, such as
suspended solids, copper, and polycyclic
aromatic hydrocarbons. The same study,

however, found increased concentrations
of nitrogen and phosphorous.

Recent research in Pennsylvania found im-
proved pH in green roof runoff compared
to a conventional roof, as well as reduc-
tions in total nitrate loadings based on the
reduced amount of stormwater from the
green roof. The concentration of other pol-
lutants in the green roof runoff, in contrast,
was generally higher than concentrations
from a conventional roof.34

As with the field study in York, Ontario,
research in North Carolina found increases
in total nitrogen and total phosphorous,
which the authors attributed to certain
compost materials in the roof substrate.3>
Research in Portland and Toronto found
that phosphorous levels appeared to de-
crease over time as the green roof vegeta-
tion matured and the phosphorous in the
initial substrate leached during rainfall
events.30:37 A German study also revealed
that a green roof retained more phosphate
as it matured, with retention percentage in-
creasing from about 26 percent in the first
year to about 80 percent in the fourth.38

Enbanced Quality of Life. Green roofs
can provide many of the same quality of
life benefits as other urban greenery. People
in taller, neighboring buildings may enjoy
looking down at a rooftop garden. Allowing
public access to rooftop gardens provides
residents another green space to enjoy.
Finally, some researchers are evaluating the
potential for green roofs to provide a safe
habitat for rare or endangered species, re-
moving them from ground-level predators.3?

3.2 Costs

The costs of green roofs vary depending
on the components, such as the growing
medium, type of roofing membrane, drain-
age system, use of fencing or railings, and
type and quantity of plants. A 2001 report
estimated that initial costs start at $10

per square foot (0.09 m2) for the simpler,
extensive roof and $25 per square foot for
intensive roofs.40 Other estimates assume
$15 to $20 per square foot. Costs in Germa-
ny, where green roofs are more prevalent,
range from $8 to $15 per square foot.41
Prices in the United States may decline as
market demand and contractor experience
increase.

Initial green roof costs are more than those
of most conventional and cool roof tech-
nologies (see “Cool Roofs” chapter). Green
roofs have a longer expected life, though,
than most roofing products, so the total
annualized costs of a green roof may be
closer to those of conventional and cool
roofs. Los Angeles estimated that to retro-
fit a building with an extensive green roof
would cost from $1.03-$1.66 per square
foot, on an annualized basis, while a
conventional re-roofing would range from
$0.51-$1.74 per square foot.42

In addition to construction costs, a build-
ing owner incurs maintenance costs to
care for the plants on a green roof. Al-
though the level of care depends on plant
selection, most of the expenses arise in
the first years after installation, as the
plants establish themselves and mature.
For either an intensive or extensive roof,
maintenance costs may range from $0.75
to $1.50 per square foot. The costs of
maintaining an extensive roof decrease
after the plants cover the entire roof,
whereas maintenance costs will remain
more constant for an intensive roof.43

10
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3.3 Benefit-Cost Considerations

Although a green roof might have higher
initial costs than most conventional or
cool roofs, a full life-cycle analysis can
identify how the roof benefits the build-
ing owner. In many cases, these benefits
justify the cost of green roofs in densely
populated areas. In addition, a building
owner can directly benefit from reduced
energy use, reduced stormwater manage-
ment fees, and increased roof life. Finally,
the widespread adoption of green roofs
may provide significant, indirect net ben-
efits to the community.

Although few detailed, full life-cycle analy-
ses exist, researchers and communities

are beginning to invest in these evalua-
tions. A report on the use of green roofs
in New York City outlined one framework
for a cost-benefit analysis of green roofs.44
The framework incorporates both private
and public benefits and costs (see Table
1). Under most hypothetical scenarios,

a green roof project yields net benefits
when assessed with public benefits, such
as reduced temperature and stormwater.

Table 1: Benefit-Cost Elements for Green Roofs

Under a “high-performance” scenario that
generally assumes reduced costs from
widespread adoption of green roof tech-
nology and a mature market, an owner
would achieve net benefits based on pri-
vate benefits alone.

A University of Michigan study compared
the expected costs of conventional roofs
with the cost of a 21,000-square-foot (1,950
m2) green roof and all its benefits, such

as stormwater management and improved
public health from the NOy absorption. The
green roof would cost $464,000 to install
versus $335,000 for a conventional roof

in 2006 dollars. However, over its lifetime,
the green roof would save about $200,000.
Nearly two-thirds of these savings would
come from reduced energy needs for the
building with the green roof.45

Portland, Oregon, meanwhile, has begun a
comprehensive cost-benefit analysis of its
current eco-roof program, as the city plans
to expand green roof coverage from 6
acres (24,300 m2) in 2007 to over 40 acres
(162,000 m?2) in 2012.46

Benefits/Costs

Private Benefits Reduced energy use

Extended service life

Energy, Hydrology, and UHI Benefits

Other Benefits

Noise reduction
Aesthetic value
Food production

Public Benefits Reduced temperature

Reduced stormwater

technology use)

Reduced installation costs (from widespread

Reduced air pollutants
Reduced greenhouse gases
Human health benefits

Private Costs Installation N/A
Architecture/Engineering
Maintenance

Public Costs Program administration N/A
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Cool and Green Roofs: Different Options for
Different Motivations

Cool and green roofs both help to mitigate urban heat islands. The two technologies
have different cost and performance implications, though, and the motivations for
selecting one or the other are typically different.

Cool roofs generally have a minimal incremental
cost compared to their conventional equivalent.
Depending on the type of product (e.g., asphalt
shingle, concrete tile), costs can range roughly
between $0.50 to $6.00 per square foot. Costs can
vary greatly, though, depending on the size of the
job, ease of access to the roof, and local market
factors. The initial cost of a green roof, on the other
hand, is much higher, starting from $10 per square

foot for the basic, extensive green roof.

Both cool and green roofs lower surface and air temperatures and reduce summer-
time peak and overall energy demand. The extent of the energy savings varies de-
pending on factors including the local climate, attic ventilation and insulation levels,
and—particularly for green roofs—the design and
maintenance of the roof.

Green roofs provide additional benefits, including
reducing and filtering stormwater runoff, absorbing
pollutants and CO,, providing natural habitat and

a sound barrier, and potentially serving as a recre-
ational green space and having aesthetic value.

Communities or building owners with limited

budgets, who are primarily interested in energy savings or reducing peak energy
demand, generally focus on cool roofs. Whereas others, who can consider life-cycle
costs and public benefits, and who are interested in broader environmental impacts,
particularly improving stormwater management, may choose to install green roofs.

Sustainability leaders, such as Chicago, recognize the value and opportunity for
both cool and green roof technologies and are supporting efforts to encourage
both options.

12
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Energy Savings and
Green Roofs

For building owners and communi-
ties primarily interested in saving
energy, cool roofs and other energy
efficiency measures are generally
more cost-effective than green roofs.
(See the “Cool Roof” chapter and the
ENERGY STAR website
<www.energystar.gov> for informa-
tion about a wide array of cost-ef-
fective energy efficient products and
practices.) Green roofs provide ben-
efits beyond energy savings, though,
which is why they are attractive to
diverse interest groups and sustain-
ability advocates.

Figure 10: Green, or Eco, Roof in
Portland, Oregon

L pad "
Portland Bureau of Environmental Services

This apartment building in Portland, Oregon, is
among the 6 acres (24,300 m2) of green roofs in the
city, as of 2007. Many roofs remain candidates to
become green roofs.

4, Other Factors to Consider

4.1 Site Characteristics

Recommendations for ideal site charac-
teristics vary and often depend on project
or program objectives. For example, Chi-
cago and New York City are focusing on
“hot spot” areas, which are often found in
dense, built up urban cores. Green roofs
may be the only option to provide an ef-
fective amount of vegetation in these older
city centers that have vast amounts of
impervious cover and few opportunities to
retroactively plant shade vegetation. Fur-
ther, entities interested in providing recre-
ational space or improving aesthetics may
also focus on high density areas that are
visible from adjoining or near by buildings.

On the other hand, stakeholders focused

on saving energy and managing stormwater
often target low-to-medium rise buildings
that have a large roof area. These sites, such
as the Ford’s Dearborn Truck Plant in Michi-
gan, may be found in less developed areas.

From a structural standpoint, existing roofs
with concrete structural systems likely will
require the least amount of intervention;
roofs with steel deck can require the most.
Installing a green roof on a flat or low-
sloped roof generally will be easier than
installing one on a steep-sloped roof. Also,
green roofs tend to be easier to design into
new rather than existing buildings, given
that loads and other requirements can be
included in the design process. However,
retrofit installations are becoming increas-
ingly common in the expanding green
roof market. Many existing buildings, such
as low-sloped residential and commercial
buildings with large roof areas, can be
modified without significant disruption
when replacing an old roof. For example,
projects at Carnegie Mellon University,
Tobyhanna Army Depot, and the Albemarle
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_ County, Virginia, office building have high-

lighted the ease of replacing stone-ballast

The Green Roof Continuum on existing roofs with vegetative layers.47
The decision to install an extensive 4.2 Installation and Maintenance

or intensive green roof depends on Whether extensive, intensive, or some-
available resources and the building where in between, green roofs generally
owner’s goals for how the roof will consist of the same basic components.48
be used. For example, someone with From the top layer down (see Figure 12),
a limited budget who desires minimal these include:

maintenance and is mainly interested

in the energy and environmental ben- e Vegetation. The choice of vegetation
efits of a green roof, would most like- depends on the type of roof (extensive
ly install an extensive green roof. On or intensive), building design, local
the other hand, someone who wants climate, available sunlight, irrigation
to create an accessible garden and requirements, anticipated roof use, and
is able to maintain the green space, similar factors:

will probably install a more intensive
green roof. Many green roofs incorpo-
rate a combination of extensive and

— Extensive green roof plants are
typically hardy perennials. They are
preferably shallow-rooting, self-
generating plants that spread rap-
idly and require minimal nutrients.
They should tolerate sun, wind,
and extreme temperature fluctua-
tions. Succulents, such as sedums,
are well adapted for green roofs
because they are drought-resistant
and their high water content makes

intensive green roof features. These
“semi-extensive” or “semi-intensive”
green roofs lie within the continuum
of green roof types, with “extensive”
and “intensive” at each end of the
spectrum.

them fire resistant. Sedums come

Figure 11: A Green Roof Replaces a Stone Ballast Roof

Albemarle County, Virginia, replaced the stone ballast
roof on its county office building with a green roof in
2005. The project received money from the Chesapeake
Bay Program through the Virginia Department of
Conservation and Recreation.

Gregor Patsch/Albemarle County
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Figure 12: Typical Layers of a Green Roof

>\ Waterproof membrane
Cover board

Growing medium
Filter membrane

Drainage layer
Root barrier

Thermal insulation

Vapor barrier

Karen Liu/National Research Council of Canada

Structural Support

in a wide variety of sizes, textures,
and colors. Building owners also
can ensure that the selected plants
suit USDA plant hardiness zones for
their area.49

— Intensive green roofs have deeper
growing media, which allows them
to incorporate larger plants, in-
cluding shrubs, bushes, and trees,
in their design. Most intensive
green roofs also have irrigation
systems that can support a wide
variety of plants.

A lightweight, engineered growing me-
dium may or may not include soil as
the primary organic matter. The plant-
ing media used in green roof systems
are usually engineered to provide the
best support for plants with the lightest
weight and can be tailored to maximize
water retention without water-logging
the plants. A growing medium should
ideally last as long as the roof it will
cover. Typically, the growing medium
will consist primarily of lightweight
inorganic mineral materials (at least 80
percent) and up to 20 percent organic
materials like topsoil.>0 Extensive green

roofs use up to roughly 6 inches (15
cm) of growing medium>! while inten-
sive green roofs use 8 inches (20 cm)
or more.52

A filter membrane is usually a geo-
textile that allows excess water from
the growing medium to flow out, while
preventing the fine particles from wash-
ing away and clogging the roof drain.

A drainage layer helps the excess wa-
ter from the growing medium to flow to
the roof drain, which prevents over-
loading the roof and provides a good
air-moisture balance in the growing
medium. Some drainage layers take the
form of egg crates to allow for some
water storage.

A root barrier can protect the roof
membrane from aggressive plant roots,
which may penetrate the waterproofing
layer and cause leaks.

A waterproofing/roofing membrane
protects the building from water pen-
etration. Any roofing membrane can be
used in green roofs, although single-ply
waterproofing membranes are gener-
ally thicker and more durable on green
roofs than on conventional ones. Some
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membranes are naturally protected
from root penetration, while others
require a root barrier.

A cover board is a thin, semi-rigid board
that provides protection, separation, and
support for a roofing membrane.

Thermal insulation can be installed
either above or below the membrane
of a green roof. The insulation value of
the growing medium in a green roof
increases as its moisture content de-
creases. However, green roofs are not
a substitute for conventional insula-
tion; using the recommended insula-
tion levels for one’s local climate helps
conserve energy.

A vapor barrier is typically a plastic or
foil sheet that resists passage of mois-
ture through the ceiling.

Building and roof structural sup-
port. The components of a green roof
weigh more than conventional roofing
materials, and thus the roof requires
support panels. Not only are the roof-
ing membranes and other materials
heavier on a green roof, but the roof
design also must account for the weight
of water-saturated plants and growing
medium. An extensive roof typically
weighs from 15-30 pounds per square
foot, although the range will depend on
the depth of the growing medium and
other site-specific factors.>3 An inten-
sive roof can weigh much more, with
significantly greater depth of growing
medium, more extensive vegetation, and
people using the space. Building own-
ers must ensure that the structure can
support the green roof even when fully
saturated, in addition to meeting build-
ing code requirements for snow and
wind loads. Reinforcing roof supports
on existing buildings adds to the proj-
ect cost but can usually be worked into
building retrofit or renovation plans. It
is often easier to put green roofs on new

Inverted Roof Membrane
Assemblies (IRMAs) and
Green Roofs

Inverted roof membrane assemblies
(IRMA5s) have insulation above the
waterproofing membrane, as opposed
to conventional roofs, which have
insulation below the membrane. This
design protects the membrane and
prolongs the life of the roof. A green
roof that has insulation between its
vegetative layer and the waterproofing
membrane is an IRMA, with the veg-
etation protecting the membrane and
weighing down the insulation. More
conventional IRMAs use concrete pav-
ers or stones for ballast. These IRMAs
often make good candidates for green
roof retrofits, as the conventional bal-
last can be replaced with the neces-
sary green roof layers.

buildings, as the requirements for the

added roof load can be included as part
of the initial design parameters, and the
cost for the upgrade is usually minimal.

Although both extensive and intensive
green roofs share these basic components,
their characteristics vary (see Figure 13).
Most important, the intensive green roofs
are likely to require more structural sup-
port and enhanced irrigation systems to
support the wider variety of plants, in-
creased weight loads, and desired public
access. However, intensive roofs will prob-
ably also retain more rainfall and support
more species.>*

In addition, any green roof generally will
require some ongoing maintenance. Ex-
tensive green roofs not designed for pub-
lic access have fewer obligations. For an

16
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intensive roof, maintenance can be continu-
ous, similar to a traditional garden, because
aesthetics will be more important.

For either roof, early weed control is im-
portant to ensure that the installed plants
have a chance to spread and to minimize
the opportunity for invasive weeds to

take root. According to a federal guide on
green roofs,>> weeding might be necessary
monthly or quarterly for the first two years
and might be reduced to only once a year
in many cases after the plants have fully
covered the roof. The guide also lists other
important maintenance activities including:

e Fertilize. Given the thin layer of
growing medium, building owners or
managers might need to apply a slow
release fertilizer once a year to avoid
soil acidity, especially when the plants
are first establishing themselves.

Irrigate. An ideal green roof could
rely on natural irrigation, especially for
extensive roofs. However, some green
roofs might require irrigation based

on local climate and the stage of plant
growth for a particular project. Irriga-
tion might also be needed to reduce
fire risks or to increase evaporative
cooling. Almost all intensive green
roofs need irrigation systems. Extensive
green roofs, however, may only need
them during plant establishment. For
large, extensive green roofs, building
owners often install a drip irrigation
system, which is generally inexpensive
and saves the time and effort of having
someone manually water the roof.

Replant. Over time, some level of
replanting or addition to the growing
medium might be necessary.

Figure 13: Comparison of Common Features of Extensive and Intensive Roofs

Extensive

(Low-Profile/Ecoroofs)

*  Low growth media: 2 - 6"
e Lightweight: 13 — 50 lbs/sf
*  Low growing plants: 1"- 24" H

* Less variety of plants: Alpine types,
succulents, herbs, some grasses
and mosses

e Usually non-accessible and
non-recreational

* Slopes up to 30° & higher
* Less expensive: $5-$25/sf

Intensive

(High-Profile/Roof Gardens)

> 6"-15" and deeper
Heavier weights: 50+ lbs/sf
Trees, shrubs and more

Huge variety of plant selection/
architectural features depending
on loads, design & budget

Designed for human recreation:
gardening, socializing, etc.

Relatively flat
More expensive: $25-$40+/sf

N
[
* Low water requirements Irrigation usually necessary z
. . . ]
* Low maintenance Higher maintenance >
©
£
There is no official definition of an extensive or intensive green roof. This chart is not meant to strictly define these
green roof types and instead aims to describe the general characteristics of roofs at each end of the continuum.
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Figure 14: A Modular Green Roof on a
Sloped Residential Roof

.

Greenroofs.com and Ke.I.Iy Luckett/Green Roof Blocks

This home in Arizona shows a modular green roof
on a steep-sloped roof.

Modular Green Roof Systems

Some green roof systems use modular
components. These components are
generally plastic trays a few feet long
(~0.5-1 m) on each side and several
inches (~10-20 cm) deep. They are
filled like flowerpots with growing
media and the desired plants and
placed directly on top of the exist-

ing roof. The grid of trays covers the
roof’s surface to provide benefits simi-
lar to built-in green roofs. Moving or
replacing individual modules is poten-
tially easier than changing or repair-
ing parts of a non-modular green roof.
Modular roofs, however, are relatively
new, and have not been as widely
studied as non-modular roofs.

e Clean Gutters. Similar to conventional
roofs, clean gutters decrease the risk of
standing water and leaks. It is also nec-
essary to keep drains and gutters clear
of plant growth to prevent blockage.

In addition to routine maintenance, green
roofs may require repairs over time, al-
though the expected life of a green roof is
about twice that of a conventional roof.56
If correctly installed, the membrane under
the vegetation of a green roof is expected
to last 30 to 50 years.

4.3 Fire Safety

Green roofs, when saturated with water,
can retard the spread of fire,57 but dry
plants on a green roof can be a fire hazard.
The most common ways to increase fire
safety are to:

* Avoid grasses and plants that could
dry up in summer and instead use fire
resistant plants, like sedums, and a
growing medium that is low in organic
material content.

¢ Construct fire breaks on the roof—
2-foot (0.6 m) widths of concrete or
gravel at 130-foot (40 m) intervals.

Another precaution that some practitioners
recommend is to install sprinkler irrigation
systems and connect them to a fire alarm.

5. Green Roof Initiatives

Green roof research efforts are growing with
an increasing number of universities offer-
ing courses or developing centers focused
on improving our understanding of green
roof technology. Many communities are also
taking action by encouraging or sponsor-
ing green roof projects. These initiatives are
typically motivated by various environmental
concerns, mainly stormwater management,
but also the desire to reduce urban heat
islands and enhance the urban ecosystem.
Many of these efforts involve a single dem-
onstration or showcase project as a highly
visible means to promote green roof technol-
ogy, such as the green roof on Atlanta’s City

18
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Many green roof projects are motivated
not by government policies but by a de-
sire to show a commitment to sustain-
able design and the environment.

Hall patio. Some cities such as Chicago, Port-
land, Seattle, and Toronto have been develop-
ing more coordinated programs and policies
to promote green roofs. The “Heat Island
Reduction Activities” chapter provides many
examples demonstrating the wide range of
green roof efforts. Table 2 identifies some of
the research activity and options available for
taking action to advance green roofs.

Green building programs in many com-
munities provide another opportunity to

encourage green roof installation. The U.S.
Green Building Council (USGBC) Leader-
ship in Energy and Environmental Design
(LEED) Rating System (see <www.usgbc.
org>) and Green Globes operated by the
Green Building Initiative (GBI) in the
United States (see <www.thegbi.org>), are
two rating systems that communities are
using. These and other systems give credit
for a broad range of building and devel-
opment techniques that save energy and
protect the environment. Green roofs can
achieve credit under multiple categories—
such as stormwater management, heat
island mitigation, water efficiency, energy
and atmosphere, materials and resources,
and innovation and design—depending on
how they are constructed.

Figure 15: A Newly Installed Green Roof in New York City

©2008 J. Burling Chase for Sustainable South Bronx

Initiatives to install green roofs in urban areas reduce urban heat islands and can help to create jobs in the local
economy, such as this roof installed by graduates of Sustainable South Bronx’s Bronx Environmental Stewardship

Training (BEST) program.
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Table 2: Examples of Green Roof Initiatives

Type of Initiative | Description |
Research University
programs

Links to Examples

<www.hrt.msu.edu/greenroof> - Michigan State University began its
Green Roof Research Program in 2000 to assist with the design and study of
Ford’s Rouge Plant. The program has since expanded and now investigates
green roof plant selection among other topics.

<http://hortweb.cas.psu.edu/research/greenroofcenter> - Penn State
University’s Center for Green Roof Research studies the energy savings,
stormwater retention and filtration, and other benefits of green roofs.

<www.bae.ncsu.edu/greenroofs> - North Carolina State University has
extensive green roof test sites in Goldsboro and Kinston, North Carolina, as
part of the Biological and Agricultural Engineering Program.

<www.stormwater.ucf.edu/> - The University of Central Florida focuses
primarily on stormwater management, which has led to its investigations of
green roofs.

<http://commons.bcit.ca/greenroof/> - The British Columbia Institute of
Technology’s Centre for the Advancement of Green Roof Technology collabo-
rates with industry to support and improve the deployment of green roofs.

Voluntary efforts

Demonstration

<www.chicagogreenroofs.org> - For background information on Chicago

projects City Hall’s green roof, see the “Links” section of this site.
<www.atlantaga.gov/mayor/energyconservationgreenroof.aspx> -
This site provides an overview of the Atlanta City Hall green roof demon-
stration project.

Incentives <http://egov.cityofchicago.org> - Chicago has sponsored a green roof

grant program for several years. Grants of up to $5,000 each were available
in the application cycle that ended in January 2008. See the Department of
Environment page and browse under “Initiatives and Programs.”

<www.toronto.ca/greenroofs/incentiveprogram.htm> - Toronto’s green
roof incentive program offers grants of Canadian $50 per square meter

for eligible projects, up to a total of $10,000 for single-family homes and
$100,000 for all other buildings.
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Table 2: Examples of Green Roof Initiatives (Continued)

Typeoflnitiative| Description |

Voluntary efforts

Incentives

Links to Examples

<www.portlandonline.com/bes/index.cfm?c=43077> - Portland, Or-
egon, offers grants, workshops, and other technical assistance to support
green roofs.

<www.houstondowntown.com/Home/Business/DoingBusiness/
DevelopmentAssistance/Development%20Assistance.PDF> - The Hous-
ton Downtown Management District (HDMD) Vertical Gardens Matching
Grant initiative is intended to assist in the facilitation of wall cover plantings
and exceptional landscaping on blank walls, parking garages, and side-
walks; improving overall aesthetics, pedestrian comfort, and air quality; and
reducing the heat island effect.

Outreach &
education

<www.epa.gov/heatisland/> - EPA’s Heat Island Reduction Initiative pro-
vides information on the temperature, energy, and air quality impacts from
green roofs and other heat island mitigation strategies.

<http://cfpub.epa.gov/npdes/home.cfm?program_id=298> - EPA’s Of-
fice of Water highlights design options, including green roofs, that reduce
stormwater runoff and water pollution.

<www.greenroofs.org/> - Green Roofs for Healthy Cities hosts a series of
green roof design and implementation workshops throughout North America.

Policy efforts

Density bonus
provisions in
zoning codes

<http://commons.bcit.ca/greenroof/publications/2006_regulations.
pdf> - Document that highlights efforts of Chicago; Seattle; Portland, Or-
egon; Toronto; and Waterloo, Ontario, to encourage green roof installations

by offering density bonus incentives in their zoning codes.
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6. Resources

Table 3 lists some guidance documents and
organizations that promote green roofs.

Table 3: Green Roof Resources

Description

Guidance Documents

Web Link

U.S. Department of Energy
Federal Technology Alert:
Green Roofs

DOE's Energy Efficiency and Renewable Energy pro-
gram publishes technology alerts and developed
this primer on green roof technology.

<www.nrel.gov/docs/fy04osti/
36060.pdf>

Green Roofs as Urban
Ecosystems: Ecological
Structures, Functions, and
Services

The journal Bioscience November 2007 issue contains
this comprehensive article summarizing the research
on green roofs and their costs and benefits.

<www.aibs.org/bioscience-
press-releases/resources/11-07.
pdf>

National Roofing Contrac-
tors Association Green
Roof Systems Manual

The NRCA has recently released a guidebook for
sale that focuses on the waterproofing needs of
green roofs.

<www.nrca.net/rp/pubstore/
details.aspx?id=450>

Los Angeles Green Roof
Resources Guide

Green Roofs for Healthy
Cities

The City of Los Angeles developed this guide as a
resource for individuals and groups interested in
developing green roofs in Los Angeles. This guide
includes information on how to plan, design, and
maintain a green roof.

Green Roofs for Healthy Cities offers resources

on green roof installation, benefits, projects, and
training. This group also publishes the Green Roof
Infrastructure Monitor.

<www.fypower.org/pdf/LA_
GreenRoofsResource
Guide.pdf>

Other Resources

<www.greenroofs.org>

Greenroofs.com

Greenroofs.com provides green roof industry
resources, including how-tos, plant lists, references,
and an international database of green roof projects.

<www.greenroofs.com>

Chicago Green Roof
Program

Chicago’s Green Roof Program has online informa-
tion on building green roofs in Chicago, including
an aerial map of completed and planned projects,
frequently asked questions, featured projects, and
links to other resources.

<www.chicagogreenroofs.org>
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Cool Roofs

ool roofing can help address the

problem of heat islands, which re-

sults in part from the combined heat
of numerous individual hot roofs in a city
or suburb. Cool roofing products are made
of highly reflective and emissive materials
that can remain approximately 50 to 60°F
(28-33°C) cooler than traditional materials
during peak summer weather. Building own-
ers and roofing contractors have used these
types of cool roofing products for more than
20 years. Traditional roofs in the United
States, in contrast, can reach summer peak
temperatures of 150 to 185°F (66-85°C),2
thus creating a series of hot surfaces as well
as warmer air temperatures nearby.

This chapter provides detailed information
that mitigation program organizers can use
to understand, plan, and implement cool
roofing projects and programs. The chapter
discusses:

* Key cool roof properties and how they
help to mitigate urban heat

* Types of cool roofing
* Specific benefits and costs of cool roofing

e Measurement and certification of cool
roof products

¢ Installation and maintenance of cool roofs

* Tools and resources to further explore
this technology.

Salt Lake City

Opportunities to Expand Use of Cool
Roofs in Urban Areas

Most U.S. cities have significant opportunities to
increase the use of cool roofs. As part of the U.S.
Environmental Protection Agency’s (EPA’s) Urban
Heat Island Pilot Project, the Lawrence Berkeley
National Laboratory conducted a series of analyses
to estimate baseline land use and tree cover infor-
mation for the pilot program cities.!

Figure 1 shows the percent of roof cover in four of
these urban areas. The data are from 1998 through
2002. With roofs accounting for 20 to 25 percent of
land cover, there is a large opportunity to use cool
roofs for heat island mitigation.

Figure 1: Roof Cover Statistics for Four U.S. Cities
(Below Tree Canopy)

Sacramento

Chicago

Percent Coverage
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1. How It Works

Understanding how cool roofing works
requires knowing how solar energy heats
roofing materials and how the proper-
ties of roofing materials can contribute

to warming. This section explains solar
energy, the properties of solar reflectance
and thermal emittance, and the combined
temperature effect of these two properties
working together.

1.1 Solar Energy

Figure 2 shows the typical solar energy that

reaches the Earth’s surface on a clear sum-

mer day. Solar energy is composed of ultra-

violet (UV) rays, visible light, and infrared

energy, each reaching the Earth in different

percentages: 5 percent of solar energy is
in the UV spectrum, including the type of

rays responsible for sunburn; 43 percent of

solar energy is visible light, in colors rang-
ing from violet to red; and the remaining
52 percent of solar energy is infrared, felt
as heat.

|
Cool Roof Market

The number of ENERGY STAR® Cool
Roof Partners has grown from 60 at
the program’s inception to nearly 200
by the end of 2007; the number of
products has grown even faster, from
about 100 to almost 1,600. Based

on 2006 data from more than 150
ENERGY STAR Partners, shipments
of ENERGY STAR products constitute
about 25 percent of the commercial
roofing market and about 10 percent
of the residential market. The overall
market share for these products

is rising over time, especially

with initiatives such as cool roof
requirements in California.

“Cool roofing” refers to the use
of highly reflective and emissive
materials. “Green roofs” refer to
rooftop gardens.

Figure 2: Solar Energy versus Wavelength Reaching Earth’s Surface
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Solar energy intensity varies over wavelengths from about 250 to 2500 nanometers.
White or light colored cool roof products reflect visible wavelengths. Colored cool

roof products reflect in the infrared energy range.
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I o > Efect o Albedo on Surface

Many cool roof products are bright
white. These products get their high
solar reflectance primarily from
reflecting in the visible portion

of the spectrum depicted in Figure
2. Given the desire for colored roof
products for many buildings, such as
the typical single family home, manu-
facturers are continuing to develop
cool colored products that reflect in
the “near-infrared” range, or the in-
frared wavelengths from about 700 to
2500 nanometers shown in Figure 2.

1.2 Solar Reflectance

Solar reflectance, or albedo, is the percent-
age of solar energy reflected by a surface.
Researchers have developed methods to
determine solar reflectance by measuring
how well a material reflects energy at each
solar energy wavelength, then calculating
the weighted average of these values (see
Section 4.1). Traditional roofing materi-

als have low solar reflectance of 5 to 15
percent, which means they absorb 85 to

95 percent of the energy reaching them
instead of reflecting the energy back out to
the atmosphere. The coolest roof materi-
als have a high solar reflectance of more
than 65 percent, absorbing and transferring
to the building 35 percent or less of the
energy that reaches them. These materi-
als reflect radiation across the entire solar
spectrum, especially in the visible and
infrared (heat) wavelengths.

1.3 Thermal Emittance

Although solar reflectance is the most im-
portant property in determining a material’s
contribution to urban heat islands, thermal
emittance is also a part of the equation. Any
surface exposed to radiant energy will get

Temperature

o] o 1| -
 ———— — R —————— i ——

ASU National Center of Excellence

Albedo alone can significantly influence surface
temperature, with the white stripe on the brick wall about
5 to 10°F (3-5°C) cooler than the surrounding, darker areas.

hotter until it reaches thermal equilibrium
(i.e., it gives off as much heat as it receives).
A material’s thermal emittance determines
how much heat it will radiate per unit area
at a given temperature, that is, how readily
a surface gives up heat. When exposed to
sunlight, a surface with high emittance will
reach thermal equilibrium at a lower tem-
perature than a surface with low emittance,
because the high-emittance surface gives off
its heat more readily.
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Figure 4: Temperature of Conventional 1.4 Temperature Effects
Roofing Solar reflectance and thermal emittance
= have noticeable effects on surface tempera-
ture. Figure 5 illustrates these differences us-
ing three different roof types. Conventional
roof surfaces have low reflectance but high
thermal emittance; standard black asphalt
roofs can reach 165 to 185°F (74 - 85°C)
at midday during the summer. Bare metal
or metallic surfaced roofs have high reflec-
tance and low thermal emittance and can
warm to 150 to 165°F (66 - 77°C). Research
has shown that cool roofs with both high
The left half of this traditional bitumen roof in Arizona reflectance and high emittance reach peak
?s shown in visible wavelengths and the right in temperatures of only 110 to 115°F (43-46°C)
infrared. The roof’s temperature reaches almost .
175°F (80°C). in the summer sun. These peak values vary
by local conditions. Nonetheless, research
reveals that conventional roofs can be 55
to 85°F (31-47°C) hotter than the air on
any given day, while cool roofs tend to stay
within 10 to 20°F (6-11°C) of the back-
ground temperature.3

ASU National Center of Excellence

Figure 5: Example of Combined Effects of Solar Reflectance and
Thermal Emittance on Roof Surface Temperature
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On a hot, sunny, summer day, a black roof that reflects 5 percent of the sun’s
energy and emits more than 90 percent of the heat it absorbs can reach
180°F (82°C). A metal roof will reflect the majority of the sun’s energy while
releasing about a fourth of the heat that it absorbs and can warm to 160°F
(71°C). A cool roof will reflect and emit the majority of the sun’s energy and
reach a peak temperature of 120°F (49°C).
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These reduced surface temperatures from
cool roofs can lower air temperature.

For example, a New York City simulation
predicted near-surface air temperature
reductions for various cool roof mitigation
scenarios. The study assumed 50-percent
adoption of cool roofs on available roof
space and ran models to evaluate the
resulting temperature changes. Averaged
over all times of day, the model predicted
a city-wide temperature reduction of 0.3°F
(0.2°C). The city-wide, 3:00 p.m. average
reduction was 0.6°F (0.3°C) and ranged
from 0.7 to 1.4°F (0.4 - 0.8°C) in six spe-
cific study areas within the city.>

2. Cool Roof Types

There are generally two categories of roofs:
low-sloped and steep-sloped. A low-sloped
roof is essentially flat, with only enough
incline to provide drainage. It is usually
defined as having no more than 2 inches (5
cm) of vertical rise over 12 inches (30 cm)
of horizontal run, or a 2:12 pitch. These
roofs are found on the majority of com-
mercial, industrial, warehouse, office, retail,
and multi-family buildings, as well as some
single-family homes.

Figure 6: Low-Sloped Cool Roof

Ron Whipple/SWD Urethane

Buildings with a large roof area relative to building
height, such as this warehouse, make ideal
candidates for cool roofing, as the roof surface area
is the main source of heat gain to the building.

Steep-sloped roofs have inclines greater
than a 2-inch rise over a 12-inch run. These
roofs are found most often on residences
and retail commercial buildings and are
generally visible from the street.

2.1 Low-Sloped Cool Roofs

Low-sloped and steep-sloped roofs use
different roofing materials. Traditionally,
low-sloped roofs use built-up roofing or a
membrane, and the primary cool roof op-
tions are coatings and single-ply membranes.

Figure 7: Cool Coating Being Sprayed
onto a Rooftop

Lisa Gartland/PositivEnergy

Cool coating being sprayed onto a rooftop.

Cool Roof Coatings. Coatings are sur-
face treatments that are best applied to
low-sloped roofs in good condition. They
have the consistency of thick paint and
contain additives that improve their adhe-
sion, durability, suppression of algae and
fungal growth, and ability to self-wash, or
shed dirt under normal rainfall. Building
owners can apply cool roof coatings to a
wide range of existing surfaces, including
asphalt capsheet, gravel, metal, and various
single-ply materials.
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When purchasing cool roof elasto-
meric coatings, building owners can
require that products meet the
ASTM international standard,
ASTM D 6083-05¢1, “Standard Spec-
ification for Liquid Applied Acrylic
Coating Used in Roofing,” to ensure
the product achieves certain specifi-
cations. There is currently no similar
standard for cementitious coatings.

There are two main types of cool roof
coatings: cementitious and elastomeric.
Cementitious coatings contain cement
particles. Elastomeric coatings include
polymers to reduce brittleness and im-
prove adhesion. Some coatings contain
both cement particles and polymers. Both
types have a solar reflectance of 65 per-
cent or higher when new and have a ther-
mal emittance of 80 to 90 percent or more.
The important distinction is that elasto-
meric coatings provide a waterproofing
membrane, while cementitious coatings
are pervious and rely on the underlying
roofing material for waterproofing.

Common Cool
Single-Ply Materials

* EPDM (ethylene propylene
diene monomer), a synthetic
rubber material, with seams that
must be glued or taped together.

* CSPE (chlorosulfonated poly-
ethylene), a polymer material,
with seams that can be heat-
welded together.

*  PVC (polyvinyl chloride) and
TPO (thermoplastic olefins),
thermoplastic materials, with seams
that can be heat-welded together.

Single-Ply Membranes. Single-ply mem-
branes come in a pre-fabricated sheet that
is applied in a single layer to a low-sloped
roof. The materials are generally glued or
mechanically fastened in place over the en-
tire roof surface, with the seams sealed by
taping, gluing, or heat-welding. A number
of manufacturers formulate these products
with cool surfaces.

Building owners generally consider cool
roof options when their roof begins to
fail. They typically use a cool roof coat-
ing if an existing roof needs only moder-
ate repair, and a single-ply membrane for
more extensive repairs. The cut-off point
between moderate and extensive repairs is
not easily determined. In making a choice
between these options, however, build-
ing owners can gather input from many
sources, including roofing consultants and
contractors, product manufacturers, and
contacts at other facilities that have had
cool roofing installed.

2.2 Steep-Sloped Cool Roofs

Most cool roof programs focus on the low-
sloped roofing sector, but cool roof options
are becoming available for the steep-sloped
sector as well. Asphalt shingles are the

Figure 8: Conventional and Cool
Colored Tiles

Conventionally
pigmented tiles on
_ battens

e

ored tiles

Cool colored tiles
mounted directly

on deck\

W.A. Miller/ORNL

Cool roof products can be indistinguishable from
their conventional counterparts. The rightmost
row of curved tiles uses conventional colored
pigments, whereas the other two rows use cool
pigments.
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most common roofing materials used on
steep-sloped roofs. Other products include
metal roofing, tiles, and shakes.

The market for steep-sloped cool roofing
materials is growing, although the solar
reflectance for these products is generally
lower than for low-sloped cool roofs. A
number of products are available for tiles
and painted metal roofing.

The solar reflectance of traditional tiles,
typically made of clay or concrete, ranges
from 10 to 30 percent. Manufacturers have
begun producing “cool colored” tiles that
contain pigments that reflect solar energy
in the infrared spectrum. The ENERGY
STAR Roof Products List as of April 2008

Cool Colors

The California Energy Commission
has sponsored the “Cool Colors
Project,” under which LBNL and Oak
Ridge National Laboratory (ORNL)
are collaborating with roofing indus-
try partners to research and develop
cool colored roof products that could
expand significantly the use of cool
roofing in the residential sector. See
<http://coolcolors.lbl.gov/> for more
information.

has approved tiles for steep-sloped roofs
with initial solar reflectances ranging from
25 to almost 70 percent, depending on
color. These tiles come in traditional col-
ors, such as brown, green, and terra cotta.
They are durable and long-lasting, but not
widely used. Where tiles are used, the cool
tile alternatives can be available at little or
no incremental cost over traditional tiles.®

Figure 9: Cool Metal Roofing
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Cool colored metal roofs lend themselves
readily to the steep-sloped market, as this house
demonstrates.

Cool colored metal roofing products also
use infrared-reflecting pigments and have
high durability and long life. About one-
half of the products on the ENERGY STAR
Roof Products List as of April 2008 were
metal roofing products for steep-sloped
roofs, with initial solar reflectances ranging
from about 20 to 90 percent.

Asphalt shingles are the most commonly
used material for steep-sloped roofs, with a
market share of about 50 percent, depending
on the region,” and a low initial cost of just
over $1.00 per square foot (0.930 m2). As of
April 2008, several manufacturers offered a
line of asphalt shingles on the ENERGY STAR
Roof Products List, with initial solar reflec-
tances ranging from about 25 to 65 percent.
Other shingle products on the list are metal.
Manufacturers, researchers, and other stake-
holders are working together to develop
additional, cool-colored shingle products that
use infrared-reflecting pigments.8
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3. Benefits and Costs

The use of cool roofs as a mitigation strat-
egy brings many benefits, including lower
energy use, reduced air pollution and
greenhouse gas emissions, and improved
human health and comfort. At the same
time, there can be a cost premium for some
cool roof applications versus traditional
roofing materials. This section highlights
some of the key benefits and costs of cool
roof programs and individual projects.
Section 6 also introduces cool roof energy
savings calculators that community plan-
ners or individual building owners can use
to help determine whether to pursue cool
roofs as a mitigation option.

3.1 Benefits

Reduced Energy Use. A cool roof trans-
fers less heat to the building below, so the
building stays cooler and more comfortable
and uses less energy for cooling. Every
building responds differently to the effects
of a cool roof. For example, Table 1 lists
examples of the general characteristics and
cooling energy savings of different one-
story buildings in California, Florida, and
Texas. The measured savings varied from
10 to almost 70 percent of each build-
ing’s total cooling energy use. In addition,
a 2004 report summarized more than 25
articles about the cooling energy used by
buildings with cool roofs and identified
energy savings ranging from 2 to over 40
percent, with average savings of about 20
percent.?

Local climate and site-specific factors, such
as insulation levels, duct placement, and
attic configuration, play an important role
in the amount of savings achieved (see

the range in Table 1). Other site-specific
variables also can strongly influence the
amount of energy a particular building
will save. For example, a study of a San
Jose, California, drug store documented

cooling energy savings of only 2 percent.
The cooling demands in this store were
driven by the design of the building, in-
cluding a radiant barrier under the roof
and a well ventilated plenum space, so that
heat transfer through the roof contributed
little to the store’s cooling demand.10 Thus,
in gauging potential energy savings for a
particular building, the building owners
will need to consider a range of factors to
make cool roofing work for them.

Another benefit of cool roofing is that it
saves energy when most needed—during
peak electrical demand periods that gen-
erally occur on hot, summer weekday
afternoons, when offices and homes are
running cooling systems, lights, and appli-
ances. By reducing cooling system needs, a
cool roof can help building owners reduce
peak electricity demand. The last column in
Table 1 lists reductions in the peak demand
for cooling energy that range from 14 to 38
percent after installation of a cool roof.

Lower peak demand not only saves on total
electrical use but also can reduce demand
fees that some utilities charge commercial
and industrial building owners. Unlike
residential customers, who pay for only the
amount of electricity they use, commercial
and industrial customers often pay an ad-
ditional fee based on the amount of peak
power they demand. Because cool roofing
helps reduce their peak demand, it lowers
these costs.

Insulation and R-Values

The “R-value” of building insulation
indicates its ability to impede heat
flow. Higher R-values are correlated
with greater insulating properties.
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Researchers have conducted in-depth mod-
eling to assess how building-level energy
savings can affect city-wide energy usage.
The Lawrence Berkeley National Labora-
tory (LBNL) ran simulations to evaluate

the net energy impacts of applying cool
roofing in 11 U.S. cities.!! The original
study was based on 1993 energy prices and
buildings that use electrical cooling sys-
tems and gas furnaces. Figure 10 uses 2003
state-level prices for electricity and natural
gas, based on Energy Information Adminis-
tration data for the commercial sector.

Cool roofs reflect solar energy year round,
which can be a disadvantage in the win-
ter as they reflect away desirable winter-
time heat gain. The net effect is generally

positive, though, because most U.S. cities
have high cooling and peak cooling de-
mand, and electricity is expensive. Figure
10 presents the total anticipated cooling
energy savings and the net savings af-

ter considering increased heating costs.
Although northern and mid-Atlantic cities
with relatively long heating seasons, such
as Chicago, Philadelphia, and Washington
D.C,, still reap net savings, the net benefits
for New York City remain particularly high
because of the high price of electricity in
that area. (See Section 3.2 for further dis-
cussion of the heating penalty.)

This same LBNL study extrapolated the
results to the entire United States and es-
timated that widespread use of cool roofs

Table 1: Reported Cooling Energy Savings from Buildings with Cool Roofs12

Building

Location

Citation

Peak
Demand

Annual
Roof
Space

Roof

Insulation*

Cooling

Saved Savings

Residence Merritt (Parker, D., S. Barkaszi, | 1,800 R-25 Attic 10% 23%
Island, FL et al. 1994)

Convenience | Austin, TX (Konopacki, S.and H. | 100,000 | R-12 Plenum 11% 14%

Retail Akbari 2001)

Residence Cocoa (Parker, D., J. Cum- 1,795 R-11 Attic 25% 28%
Beach, FL mings, et al. 1994)

Residence Nobleton, (Parker, D., S. Barkaszi, | 900 R-3 Attic 25% 30%
FL et al. 1994)

School Volusia (Callahan, M., D. 1,440 R-11 None 33% 37%

Trailer County, FL Parker, et al. 2000)

School Sacramento, | (Akbari, H., S. Bretz, et | 960 R-19 None 34% 17%

Trailer CA al. 1993)

Our Savior's | Cocoa (Parker, D., J. Sherwin, | 10,000 R-19 Attic 10% 35%

School Beach, FL et al. 1996)

Residence Cocoa (Parker, D., J. Cum- 1,809 None Attic 43% 38%
Beach, FL mings, et al. 1994)

Residence Sacramento, | (Akbari, H., S. Bretz, et | 1,825 R-11 None 69% 32%
CA al. 1993)

* Note: These insulation levels are lower than the energy efficiency levels recommended by ENERGY STAR. If insulation
levels were higher, the cooling savings likely would be less.
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could reduce the national peak demand for
electricity by 6.2 to 7.2 gigawatts (GW),13
or the equivalent of eliminating the need to
build 12 to 14 large power plants that have
an energy capacity of 500 megawatts each.

Reduced Air Pollution and Greenbouse
Gas Emissions. The widespread adop-
tion of heat island mitigation efforts such
as cool roofs can reduce energy use dur-
ing the summer months. To the extent that
reduced energy demand leads to reduced

burning of fossil fuels, cool roofs contrib-
ute to fewer emissions of air pollutants,
such as nitrogen oxides (NOy), as well as
greenhouse gases, primarily carbon dioxide
(CO,). The CO, reductions can be sub-
stantial. For example, one study estimated
potential CO, reductions of 6 to 7 percent
in Baton Rouge and Houston from reduced
building energy use.l4 Reductions in air
pollutant emissions such as NOx gener-
ally provide benefits in terms of improved
air quality, particularly ground-level ozone

Case Examples of Building Comfort Improvements

“Big-box” retailer Home Base, Vacaville, California.l> Installing a cool roof at
this store helped solve the problem created by an incorrectly sized cooling sys-
tem. This store used an undersized evaporative cooling system that was unable to
meet the building’s cooling loads. Indoor temperatures above 90°F (32°C) were
recorded, even with the building coolers working around the clock. After adding
a cool roof, peak indoor temperatures were reduced to 85°F (29°C) or lower, and
10 more shopping hours a week were deemed comfortable (below 79°F (26°C)
and 60 percent humidity) inside the store. Although the evaporative coolers were
still not powerful enough to meet the hottest conditions, the cool roof helped
reduce temperatures inside the store.

Apartment complex, Sacramento, California.!® Adding cool roofs at these
residences lowered indoor air temperatures, improving resident comfort. These
non-air conditioned buildings were composed of two stories and an attic, with an
R-38 level of insulation above the second story and below the attic space. Adding
a cool roof lowered peak air temperatures in the attic by 30 to 40°F (17-22°C).
Generally, the higher the insulation level, the less effect a cool roof will have on
the space beneath it; however, in this case, even with high insulation levels, the
cool roof reduced second-story air temperatures by 4°F (2°C) and first floor tem-
peratures by 2°F (1°C).

Private elementary school, Cocoa Beach, Florida.l7 Cool roof coatings at this
school improved comfort and saved energy. This 10,000-square foot (930 m?)
facility had an asphalt-based roof, gray modified bitumen, over plywood decking
with a measured solar reflectance of 23 percent. The dropped ceiling was insu-
lated to R-19 levels, and insulated chiller lines were used in the hot roof plenum
space. Once the roof was covered by an acrylic white elastomeric coating, the so-
lar reflectance rose to 68 percent. The classrooms became cooler and the chiller
electric use was reduced by 10 percent. School staff noticed improved comfort
levels due to the new roof.

10
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Figure 10: Modeled Net Energy Cost Savings* ($/1,000 ft2) in Various U.S. Cities from Widespread Use
of Cool Roofing8
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Costs are based on state-specific data applied to each city, using 2003 Energy Information Administration reported
prices for the commercial sector.'®

(smog). The relationships between pollut- Figure 11: Cool Roofing on Urban Row
ant reductions and improved air quality are Homes

complex, however, and require air quality
modeling to demonstrate the benefits in
specific urban areas.

Improved Human Health and Comfort.
Ceilings directly under hot roofs can be
very warm. A cool roof can reduce air tem-
peratures inside buildings with and with-
out air conditioning.

For residential buildings without air condi-
tioning, cool roofs can provide an important

Energy Coordinating Agency, Philédelphia

Philadelphia reduced temperatures in row houses

public health benefit during heat waves. For by installing cool roofs, which improves the
example, Philadelphia operates a program comfort for occupants and may help reduce deaths
to add cool roofs and insulation to residen- from excessive heat events. Baltimore, with similar

building stock, took similar steps following the

tial buildings that lack air conditioning to
success in Philadelphia.

prevent heat-related illnesses and deaths. A
study measured significant cooling benefits
from this program.20 The study controlled
for differences in outside temperature be-
fore and after the installing the cool roofs
and insulation; these treatments lowered the
daily maximum ceiling surface temperature
by about 4.7°F (2.6°C), while daily maximum

room air temperatures dropped by about
2.4°F (1.3°C). The study noted that on a 95°F
(35°C) day, these types of reductions rep-
resent large reductions in heat gain to the
room and significantly improve perceived
human comfort.
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3.2 Potential Adverse Impacts

Cool roofs can have a wintertime heating
penalty because they reflect solar heat that
would help warm the building. Although
building owners must account for this pen-
alty in assessing the overall benefits of cool
roofing strategies, in most U.S. climates this
penalty is not large enough to negate the
summertime cooling savings because:

* The amount of useful energy reflected
by a cool roof in the winter tends to be
less than the unwanted energy reflected
in the summer. This difference oc-
curs primarily because winter days are
shorter, and the sun is lower in the sky.
The sunlight strikes the Earth at a lower
angle, spreading the energy out over a
larger area and making it less intense.
In mid-Atlantic and northern states with
higher heating requirements, there also
are more cloudy days during winter,
which reduces the amount of sun re-
flected by a cool roof. Snow cover on
roofs in these climates also can reduce
the difference in solar reflectivity be-
tween cool and non-cool roofs.

* Many buildings use electricity for cool-
ing and natural gas for heating. Electrici-
ty has traditionally been more expensive
than natural gas per unit of energy, so
the net annual energy savings translate
into overall annual utility bill savings.
Note, however, that natural gas and elec-
tricity prices have been volatile in some
parts of the country, particularly since
2000. As shown in Figure 10, with el-
evated natural gas prices in recent years,
the net benefit in terms of cost savings
might be small in certain northern cities
with high heating demands.

California-based research indicates a
cost premium ranging from zero
to 20 cents per square foot for cool
roof products.

3.3 Costs

A 2006 report (see Table 2) investigated the
likely initial cost ranges for various cool
roof products.2! The comparisons in Table
2 are indicative of the trade-offs in cost and
reflectance and emittance factors between
traditional and cool roof options. For low-
sloped roofs, the report noted that:

* Cool roof coatings might cost be-
tween $0.75 and $1.50 per square
foot for materials and labor, which
includes routine surface preparation
like pressure-washing, but which does
not include repair of leaks, cracks, or
bubbling of the existing roof surface.

* Single-ply membrane costs vary from
$1.50 to $3.00 per square foot, including
materials, installation, and reasonable
preparation work. This cost does not in-
clude extensive repair work or removal
and disposal of existing roof layers.

* For either type of cool roof, there can
be a cost premium compared to other
roofing products. In terms of dollars
per square foot, the premium ranges
from zero to 5 or 10 cents for most
products, or from 10 to 20 cents for a
built-up roof with a cool coating used
in place of smooth asphalt or alumi-
num coating.

* As with any roofing job, costs depend
on the local market and factors such as
the size of the job, the number of roof
penetrations or obstacles, and the ease
of access to the roof. These variables
often outweigh significantly the differ-
ence in costs between various roofing
material options.22
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Table 2: Comparison of Traditional and Cool Roof Options23

Warmer Roof Options

Cooler Roof Options

Roof Type Reflectance | Emittance Roof Type Reflectance | Emittance

Built-up Roof 1.2-2.1 | Built-up Roof 1.2-2.15
With dark gravel 0.08-0.15 0.80-0.90 With white gravel 0.30-0.50 0.80-0.90
With smooth asphalt 0.04-0.05 0.85-0.95 With gravel and 0.50-0.70 0.80-0.90
surface cementitious coating
With aluminum coating | 0.25-0.60 0.20-0.50 Smooth surface with 0.75-0.85 0.80-0.90

white roof coating
Single-Ply Membrane 1.0-2.0 | Single-Ply Membrane 1.0-2.05
Black (PVC) 0.04-0.05 0.80-0.90 White (PVCQ) 0.70-0.78 0.80-0.90

Color with cool 0.40-0.60 0.80-0.90

pigments
Modified Bitumen 1.5-1.9 | Modified Bitumen 1.5-1.95
With mineral surface 0.10-0.20 0.80-0.90 White coating over a 0.60-0.75 0.80-0.90
capsheet (SBS, APP) mineral surface (SBS,

APP)
Metal Roof 1.8-3.7 | Metal Roof 1.8-3.75
Unpainted, corrugated | 0.30-0.50 0.05-0.30 White painted 0.60-0.70 0.80-0.90
Dark-painted, 0.05-0.08 0.80-0.90 Color with cool 0.40-0.70 0.80-0.90
corrugated pigments
Asphalt Shingle 0.5-2.0 | Asphalt Shingle 0.6-2.1
Black or dark brown 0.04-0.15 0.80-0.90 “White” (light gray) 0.25-0.27 0.80-0.90
with conventional Medium gray or brown | 0.25-0.27 0.80-0.90
pigments with cool pigments
Liquid Applied 0.5-0.7 | Liquid Applied Coating 0.6-0.8
Coating 0.04-0.05 0.80-0.90 Smooth white 0.70-0.85 0.80-0.90
Smooth black Smooth, off-white 0.40-0.60 0.80-0.90

Rough white 0.50-0.60 0.80-0.90
Concrete Tile 1.0-6.0 | ConcreteTile 1.0-6.0
Dark color with 0.05-0.35 0.80-0.90 White 0.70 0.80-0.90
conventional pigments Color with cool 0.40-0.50 0.80-0.90

pigments
Clay Tile 3.0-5.0 | ClayTile 3.0-5.0
Dark color with 0.20 0.80-0.90 White 0.70 0.80-0.90
conventional pigments Terra cotta (unglazed 0.40 0.80-0.90

red tile)

Color with cool pigments | 0.40-0.60 0.80-0.90
Wood Shake 0.5-2.0 | Wood Shake 0.5-2.0
Painted dark color with | 0.05-0.35 0.80-0.90 Bare 0.40-0.55 0.80-0.90
conventional pigment

COOL ROOFS - DRAFT 13




3.4 Benefit-Cost Considerations

Based on the benefits of cool roofs and the
cost premiums noted in Table 2, a commu-
nity can develop a benefit-cost analysis to
determine whether a cool roof project or
program will provide overall net benefits
in a given area. For example, the cost study
referenced in Table 2 also evaluated the
cost effectiveness of low-sloped cool roofs
for commercial buildings in California by
quantifying five parameters (see summary
results in Table 3):24

* Annual decrease in cooling electricity
consumption

* Annual increase in heating electricity
and/or gas

* Net present value (NPV) of net
energy savings

* Cost savings from downsizing cooling
equipment

*  Cost premium for a cool roof

The study recognized that other parameters
can provide benefits or reduce costs that
were not part of the analysis. These include:

*  Reduced peak electric demand
for cooling

* Financial value of rebates or energy
saving incentives that can offset the cost
premiums for cool roofing materials

* Reduced material and labor costs over
time resulting from the extended life
of the cool roof compared to a tradi-
tional roof

Given the information at hand, the study
found that expected total net benefits, after
considering heating penalty costs, should
range from $0.16 to $0.66/square foot
(average $0.47/ft2) based on the California

climate zones studied (see Table 3). Cali-
fornia relied in part on this benefit-cost
analysis to establish mandatory statewide
low-sloped cool roof requirements.

In 20006, California began evaluating wheth-
er to extend the state’s mandatory cool roof
requirements to the steep-sloped market.
One analysis in support of this approach
anticipated positive cost effectiveness in
many but not all California climate zones.2>
The state will consider that analysis, as
well as public comments on benefits and
costs in deciding what final action to take
on steep-sloped roof requirements. A final
rule is expected in 2008.

Although the results of Table 3 are specific
to California in terms of electricity rates
and typical cooling and heating energy use,
the cost effectiveness approach can be rep-
licated by other communities considering
cool roof projects or programs.

Figure 12: Cool Roof on a Condominium

Gary Cook

Homeowners can also reap the benefits of cool roofs.
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Table 3: Example Cool Roof Cost/Benefit Summary for California26

California Annual Energy/1000 ft2 | Peak Power/1000 ft2 Net Present Value (NPV)/1000 ft2
Climate Roof Source
Zone R-Value | kWh | therm | MBTU kw Sequip SkWh | Stherm | $energy | Stotal
1 19 115 -8.3 0.3 0.13 67 157 -62 95 162
2 19 295 -5.9 24 0.20 100 405 -43 362 462
3 19 184 -4.9 1.4 0.15 76 253 -35 218 294
4 19 246 -4.2 2.1 0.18 920 337 -31 306 396
5 19 193 -4.7 1.5 0.17 83 265 -35 230 313
6 11 388 -4.1 3.6 0.22 111 532 -29 503 614
7 11 313 -2.6 2.9 0.25 125 428 -20 408 533
8 11 413 -3.7 3.9 0.25 125 565 -28 537 662
9 11 402 -4.5 3.7 0.20 101 552 -33 519 620
10 19 340 -3.6 3.1 0.18 89 467 -26 441 530
11 19 268 -4.9 2.3 0.15 75 368 -37 331 406
12 19 286 -5.3 24 0.19 95 392 -39 353 448
13 19 351 -5.1 3.1 0.19 96 480 -37 443 539
14 19 352 -4.7 3.1 0.21 105 483 -33 450 555
15 19 380 -1.7 3.7 0.16 82 520 -13 507 589
16 19 233 -10.6 1.3 0.18 90 319 -78 242 332
min 115 -10.6 0.3 0.13 67 157 -78 95 162
max 413 -1.7 3.9 0.25 125 565 -13 537 662
avg 297 -4.9 2.6 0.19 94 408 -36 372 466

*This table presents dollar savings from reduced air conditioning use (in kWh) and reduced air conditioning equipment
sizing ($equip), offset by natural gas heating penalty costs (measured in therms). The “Net Present Value (NPV)/1000 ft2”
column uses the kWh and therm information to project savings for energy only and in total (energy plus equipment).
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4. Other Factors to Consider

4.1 Product Measurement

To evaluate how “cool” a specific prod-
uct is, ASTM International has validated
test methods to measure solar reflectance
and thermal emittance (see Table 4). The
Cool Roof Rating Council (CRRC) also has
developed a test method for variegated
roof products such as composite shingles,
including laboratory and field tests. Labo-
ratory measurements help determine the
properties of new material samples, while
field measurements are useful for evaluat-
ing how well a roof material has withstood
the test of time, weather, and dirt.

The final method listed in Table 4 is not an
actual test but a way to calculate the “solar
reflectance index” or SRI. The SRI is a value
that incorporates both solar reflectance and
thermal emittance in a single value to rep-
resent a material’s temperature in the sun.
This index compares how hot a surface
would get compared to a standard black
and a standard white surface. In physical
terms, this scenario is like laying a roof ma-
terial next to a black surface and a white
surface and measuring the temperatures of
all three surfaces in the sun. The SRI is a
value between zero (as hot as a black sur-
face) and 100 (as cool as a white surface)
and calculated as follows:

(Tblack — Tsurface)
RI = x 100
(Tblack — Twhite)

Table 4: Test Methods to Evaluate Coolness of Roofing Materials

Property Test Method Equipment Used Test Location
Solar ASTM E 903 - Standard Test Method for Solar Absorp- | Integrating sphere Laboratory
reflectance tance, Reflectance, and Transmittance of Materials spectrophotometer

Using Integrating Spheres
Solar ASTM C 1549 - Standard Test Method for Determina- Portable solar Laboratory or
reflectance tion of Solar Reflectance Near Ambient Temperature reflectometer field

Using a Portable Solar Reflectometer
Solar ASTM E 1918 - Standard Test Method for Measuring Pyranometer Field
reflectance Solar Reflectance of Horizontal and Low-Sloped Sur-

faces in the Field
Solar CRRC Test Method #1 (for variegated roof products, Portable solar Laboratory or
reflectance [i.e. products with discrete markings of different col- reflectometer field

ors]); used in conjunction with ASTM C1549
Thermal ASTM E 408-71 - Standard Test Method for Total Reflectometer or Laboratory
emittance Normal Emittance of Surfaces Using Inspection-Meter | emissometer

Techniques
Thermal ASTM C 1371 - Standard Test Method for Emissometer Field
emittance Determination of Emittance of Materials Near Room

Temperature Using Portable Emissometers
Solar ASTM E 1980 - Standard Practice for Calculating Solar | None (calculation) -
reflectance Reflectance Index of Horizontal and Low-Sloped
index Opaque Surfaces
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The U.S. Green Building Council, as
part of its Leadership in Energy
and Environmental Design (LEED)
Rating System, has developed an
SRI Calculator to assist project spon-
sors in calculating a roof’s SRI under
“LEED-NC, Version 2.2, Sustainable
Site Credit 7.2: Heat Island Effect:
Roof.” See <www.usgbc.org>.

4.2 Product Labeling

ENERGY STAR for Roof Products and the
Cool Roof Rating Council (CRRC) both
operate voluntary labeling programs for
manufacturers. Many building codes and
energy efficiency rebate programs require
that cool roofing materials meet recognized
specifications and standards, and that a
vendor’s product be listed with either or
both of these voluntary labeling programs.

Figure 13: Olympic Oval, Salt Lake City, Utah
% < "'4 > &

Sika Sarnafil, Inc. .
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The Olympic Oval features a cool roof covering
almost 205,000 square feet (19,000 m2). ENERGY
STAR partners, who helped build the oval’s roof,
have played key roles in advancing cool roofing
technology.

ENERGY STAR for Roof Products. Manu-
facturers can participate voluntarily in the
ENERGY STAR for Roof Products program.
A product qualifies for ENERGY STAR if

it meets the solar reflectance criteria ex-
pressed in Table 5. The program uses sig-
nificantly different criteria for low-sloped
versus steep-sloped roof products. Highly
reflective products, which are currently
bright white for the most part, are available
for low-sloped roofs. For aesthetic reasons,
bright white options are generally not
marketable for steep-sloped roofs. Instead,
steep-sloped cool roof products generally
use moderately reflective, colored options.

Version 2.0 of the program guidelines be-
came effective in January 2008. The guide-
lines require manufacturers to test their
products’ initial solar reflectance and main-
tenance of solar reflectance after at least
three years of service. For the initial testing,
manufacturers can rely on tests conducted
for purposes of certifying a product under
the Cool Roof Rating Council’s Product Rat-
ing Program, if applicable. To ensure the
long-term integrity of reflective products,
ENERGY STAR also requires products to
maintain warranties comparable to those
offered for non-reflective roof products. Fi-
nally, the Version 2.0 guidelines also require
manufacturers to report a product’s initial
emissivity as part of the application process.
There is no emissivity level required, but
this information can provide valuable infor-
mation on the potential savings and benefits

The most up-to-date list of ENERGY
STAR qualified roof products,

and current, proposed, and prior
specifications, can be found on the
ENERGY STAR Web site at <www.
energystar.gov>.
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Table 5: ENERGY STAR for Roof Products (Version 2.0) Qualifying Criteria

Initial Solar Reflectance

Maintenance of Solar Reflectance*

Type of Roof Product

Standard

Test Methods

Standard

Test Methods

ASTM C 1549**

Low-sloped 65% or higher ASTM E 903 or 50% or higher ASTME 1918 or
ASTM C 1549** ASTM C 1549
Steep-sloped 25% or higher ASTM E 903 or 15% or higher ASTM C 1549

* Maintenance of solar reflectance is measured on a roof that has been in service for three years or more.
** Manufacturers can also use CRRC Test Method #1 for variegated roof products and can use results from tests
conducted as part of CRRC Product Rating Program certification.

of a specific product in the region where it
will be used.

Based on data from almost 90 percent of
the ENERGY STAR Partners, the market
share of cool roof products from these
manufacturers has grown in recent years.
In 2004, cool roof products represented 8
percent of these manufacturers’ shipments
in the commercial roofing sector and 6
percent in the residential. In 20006, their
shipments of commercial cool roof product
tripled to represent more than 25 percent
of their commercial roof products, and the
residential share almost doubled, reaching
10 percent.

Cool Roof Rating Council. CRRC is a non-
profit organization with members from the
business, consulting, and research fields.
The CRRC was formed in 1998 and applied
to join the American National Standards
Institute (ANSD) ten years later. In Septem-
ber 2002, CRRC launched its product rating
program with a list of solar reflectance and
thermal emittance values of roofing materi-
als. As of February 2007, this list included
only initial or new values of roofing mate-
rial properties, but work is underway to
add three-year weathered values to the list.
The weathered values of solar reflectance
and thermal emittance will come from

test farms located in different areas of the
country, where roof materials are exposed
to the elements for three years.

See the CRRC Rated Product
Directory at <www.coolroofs.org>.

Manufacturer participation in the CRRC
program is entirely voluntary. Participat-
ing manufacturers must adhere to stringent
requirements; however, to ensure accurate
reported values, only agencies or laborato-
ries accredited by CRRC can perform tests,
and their test programs must use the ASTM
and CRRC standards listed in Table 4.

A material does not need to meet a solar
reflectance or thermal emittance value to
appear on the CRRC Rated Product Direc-
tory roofing products list. Because any
product can be listed, regardless of how
cool it might be, it is up to the consumer
to check the values on the CRRC list and
decide which products meet their own
criteria for cool materials. Building own-
ers and heat island mitigation groups can
use the CRRC ratings in conjunction with
the ENERGY STAR guidelines to help to
identify cool materials on the basis of solar
reflectance.
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4.3 Installation and Maintenance

A coating or single-ply membrane on a
low-sloped roof can serve as the top sur-
face of a roofing assembly and can be
applied directly over a roof deck or on top
of other existing materials. Proper installa-
tion is important to the long-term success
of a cool roof project. For example, when
applied properly, many cool roof coatings
have been shown to last more than 20
years. When applied poorly, cool roof coat-
ings can peel or flake off the roof within

a couple of years. To ensure good product
performance, building owners can seek ap-
propriate warranties for both the product
and the installation service.

On steep-sloped roofs, profession-
als do not recommend using cool
coatings over existing shingles. This
technique can cause moisture prob-
lems and water damage because the
coating can inhibit normal shingle
drying after rain or dew accumula-
tion, allowing water to condense and
collect under the shingles.

A key concern for cool roofs is maintain-
ing their high solar reflectance over time.
If a building’s roof tends to collect large
amounts of dirt or particulate matter, wash-
ing the roof according to the manufactur-
er’s recommended maintenance procedures
can help retain solar reflectance. Also,
smoother surfaces and higher sloped sur-
faces tend to withstand weathering better.
With proper maintenance, coatings are able
to retain most of their solar reflectance,
with decreases of only about 20 percent,
usually in the first year after application of
the coating.2”

Figure 14: Installation of a Cool Single-
Ply Membrane

4t L

Lisa Gartland/PositivEnergy

Cool roofs can be applied to existing buildings or
designed into new ones.

4.4 Cool Roofing and Insulation

Cool roofing and roof insulation are not
comparable options for saving building
energy—they work very differently. Build-
ing owners must make separate decisions
to upgrade roof insulation levels or install
cool roofing.

Some studies have evaluated the insula-
tion levels needed to produce the same
summertime energy savings as a cool
roof.28:29,30 These studies have been used
to support building codes that allow

less roof insulation if cool roofing is in-
stalled.31:32 The conditions for choosing
levels of roof insulation or cool roofing
vary based on climate, utility prices, build-
ing use, building and fire code consider-
ations, and preference. Thus, the following
factors for choosing insulation or cool
roofing are general approximations. Build-
ing owners might consider adding roof or
ceiling insulation if:

¢ There is less roof insulation than
called for in the latest state or local
building codes
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* The building is in a climate with signifi-
cant cold weather or heating needs

* The roof accounts for much of the
building’s envelope (i.e., the roof area
equals or exceeds one-fourth of the
building’s exterior surface area, calcu-
lated as the walls plus the roof).

Cool roofing can be used on any building,
but is especially useful if:

* The building is in a climate with hot
and sunny weather during at least part
of the year (80°F or hotter weather with
clear skies for at least three months of
the year)

* Significant cooling energy is used
(three or more months of cooling use)

* The duct system is in the attic or ple-
num space

* There are problems maintaining indoor
comfort in the summer (f air condi-
tioning equipment cannot maintain
the desired temperature, or without air
conditioning, if indoor temperatures
exceed 80°F)

* The roof accounts for much of the
building’s envelope (i.e., the roof area
equals or exceeds one-fourth of the
building’s exterior surface area, calcu-
lated as the walls plus the roof)

* The roof materials tend to crack and
age prematurely from sun damage (if
damage begins before the warranty
period or the roof life ends).

Generally, adding roof insulation means
adding insulation under the roof or above
the ceiling, which can be disruptive to
building occupants. Another option on
the market is to spray insulating foam or
affix rigid insulation onto the top of the
roof surface. Each of these products adds
approximately an R-6 level of long-term
thermal resistance for each inch (2.5 cm)

of thickness added. These technologies by
themselves are not cool roofing materials;
however, they are often applied as part

of a complete roofing system, where the
top surface is a cool coating or single-ply
membrane.

5. Cool Roof Initiatives

Communities have developed cool roof
programs by taking action in their own
buildings, often called leading by example;
through voluntary incentives; and through
mandatory requirements.

Local governments have frequently started
by installing cool roofs in public build-
ings. Their efforts have included launching
demonstration projects and adapting public
building procurement practices to require
cool roofs for new public buildings and
roofing renovation projects. Beginning with
the public sector allows a community to
demonstrate the technology, make contrac-
tors aware of the products available, and
promote the use of cool roof materials in
other building sectors.

In many communities, voluntary cool roof
incentives have been provided by local
energy companies as part of their demand-
side management programs. A few local
government agencies also offer incentives
to assist low-income or other households
with installing cool roofs.

Some governments have mandated imple-
mentation of cool roofs in certain areas.
These actions generally require adopting
specific energy code provisions that require
cool roofs or include cool roofs in the
calculation of how much insulation is re-
quired to meet minimum energy efficiency
requirements.
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Mandatory requirements for cool roofs
have played an increasingly significant role
in implementation. Before 1995, the only
regulations affecting cool roofing mandated
that roof color not cause undue glare. The
American Society of Heating, Refrigerating,
and Air-conditioning Engineers (ASHRAE)
has since developed energy-efficient design
standards that provide minimum require-
ments for both commercial and residential
buildings. ANSI/ASHRAE/IESNA Standard
90.1-1999, Energy Standards for Build-
ings Except Low-Rise Residential Buildings
and ANSI/ASHRAE Standard 90.2-2001,
Energy-Efficient Design of Low-Rise Resi-
dential Buildings provide guidelines for
new equipment, systems, and buildings.
These standards were originally developed
in response to the 1970s energy crisis and
now serve as the generally accepted basis
for many state building and energy codes.
Both ASHRAE standards include credits
pertaining to cool roofing. An example

of a cool roofing credit is Addendum f to
90.2-2001, which allows the use of high-
albedo roofs in hot and humid climates as
part of the energy efficiency ceiling calcula-
tion for a residential building.33

A number of states and localities now have
developed specific energy code require-
ments to encourage or require cool roofing.
For example:

* In 1995, Georgia was the first state
to add cool roofs to its energy code.
The code allowed building owners to
reduce roof insulation if they installed
a cool roof that had a minimum solar
reflectance of 75 percent and a mini-
mum thermal emittance of 75 percent.34
Note that if a building owner uses less
insulation when installing a cool roof,
he may not accrue net energy savings.

Florida is using a similar approach to
Georgia in its energy code.3> Because
of the energy efficiency gains from cool
roofs, the Florida code allows com-
mercial and multi-family residential
buildings using a roof with at least 70
percent solar reflectance and 75 percent
thermal emittance to reduce the amount
of insulation required to meet building
energy efficiency standards. The ad-
justment does not apply for roofs with
ventilated attics or semi-heated spaces.

In January 2003, Chicago amended

its energy code requirements for low-
sloped roofs.36 This code applies to all
buildings except separated buildings
that have minimal peak rates of en-
ergy use and buildings that are neither
heated nor cooled. Low-sloped roofs
installed on or before December 31,
2008, must achieve a minimum solar
reflectance (both initial and weathered)
of 0.25 when tested in accordance with
ASTM standards E 903 and E 1918 or
by testing with a portable reflectometer
at near ambient conditions. For low-
sloped roofs installed after that date,
roofing products must meet or exceed
the minimum criteria to qualify for the
ENERGY STAR Roof Products label.

In 2001, in response to electrical power
shortages, California updated its build-
ing energy code (Title 24), adding cool
roofing as an energy efficiency op-
tion.37 A cool roof is defined as having
minimum solar reflectance of 70 per-
cent and minimum thermal emittance
of 75 percent, unless it is a concrete

or clay tile, in which case it can have

a minimum solar reflectance of 40
percent. This 40 percent rating incor-
porates new cool colored residential
products. Owners must use specific
methods to verify building energy use
to account for cool roofing as an energy
efficiency option. In this case, the heat
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gain of the roof is reduced to account
for use of a cool roof. In 2005, these
cool roof provisions became mandatory
for all new non-residential construc-
tion and re-roofing projects that involve
more than 2,000 square feet (190 m2)
or 50 percent replacement. The code
also provides alternatives to the stan-
dard criteria as additional compliance
options. In 2006, California began con-
sidering planned 2008 updates to Title
24 and is studying the possibility of
extending cool roof requirements to the
steep-sloped market.38

For further information on California
Title 24, see <www.energy.ca.gov/
efficiency/blueprint/index.html>.

Table 6 lists many of the primary types of
cool roof activities. The “Heat Island Re-
duction Activities” chapter provides more
detailed examples.

6. Resources

6.1 Cool Roof Energy Savings Calculators

Federal agencies have developed two Web-
based calculators that compare energy

and cost savings from different cool roof
technologies for various building types.
Consumers also can find calculator tools on
Web sites of cool roof product manufactur-
ers. All of these tools use different assump-
tions and formulas and generate different
results; therefore, they provide a range of
potential impacts rather than precise state-
ments of the savings any individual build-
ing owner will obtain.

Figure 15: Aerial View of Sacramento,
California, with Capitol
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California’s Title 24 has accelerated the diffusion
of cool roofing across the state. The reflective roof
of the capitol in Sacramento and other buildings
around Capitol Park stand out among the
vegetation, pavement, and darker roofs.

ENERGY STAR Roofing Comparison
Calculator. The Web-based ENERGY STAR
Roofing Comparison Calculator helps to
estimate the energy and money that can

be saved by using ENERGY STAR roofing
products on air-conditioned buildings of at
least 3,000 square feet (280 m?2). This cal-
culator estimates savings of typical build-
ing types with non-metallic-surfaced roofs
under typical weather conditions.

This EPA calculator requires input on the
age, type, and location of the building; the
efficiency of the heating and cooling sys-
tems; the local cost of energy; and informa-
tion about the roof area, insulation levels,
and type of roofing systems used. Based on
these factors, the tool provides an estimate
of annual electricity savings in kWh and
dollars per 1,000 square feet (93 m?2). The
annual effects of any heating penalties are
included, given in therms and dollars per
1,000 square feet if natural gas is used to
fuel the heating system, or subtracted from
the annual electricity savings if an electric
heat pump is used. This calculator does not
model electric resistance heating systems.
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Table 6: Examples of Cool Roof Initiatives

Type of Initiative

Research

Description

National
laboratories

Links to Examples

<http://eetd.lbl.gov/Heatlsland> - The Heat Island Group at Lawrence
Berkeley National Laboratory provides research and information about
cool roofing and other heat island mitigation measures. The Cool Roofing
Materials Database lists the solar reflectance and thermal emittance of
numerous roof products, including cool colored roofing.

<www.ornl.org> - ORNL conducts research on reflective roofing and solar
radiation control. Its Web site includes fact sheets, a cool roof calculator,
background information about cool roofing, and research publications.

Voluntary efforts

Demonstration
programs

<www.swenergy.org/casestudies/arizona/tucson_topsc.htm> - Tucson,
Arizona, Cool Roof Demonstration Project (city office building).

Incentive

programs

<www.pge.com/res/rebates/cool_roof/index.html> - Pacific Gas & Elec-
tric’s utility rebate program for cool roofs.

<www.sce.com/RebatesandSavings/Residential/_
Heating+and+Cooling/CoolRoof/> - Southern California Edison’s Cool
Roof Rebate Program.

<www.austinenergy.com/Energy%?20Efficiency/Programs/Rebates/
Commercial/Commercial%20Energy/buildingEnvelope.htm> -
Austin Energy’s Reflective Roof Coating and Roof and Ceiling Insulation
rebate information.

<http://egov.cityofchicago.org/> - Chicago announced in Fall 2007 that it
was expanding a green roof grant program to include cool roofs, with up to
55 $6,000 grants targeted per year; see information under Department of
Environment portion of the City’s website.

Outreach &
education

<www.epa.gov/heatisland/> - EPA’s Heat Island Reduction Initiative pro-
vides information on the temperature, energy, and air quality impacts from
green roofs and other heat island mitigation strategies.

Weatherization
programs

<www.ecasavesenergy.org/ses/whiteroof.html> - Philadelphia cool roof
incentive program for low-income housing.

Policy efforts

State and munici-
pal energy codes
that require or
provide recogni-
tion of cool roofs

<www.energy.ca.gov/title24/index.html> - California building energy
code that requires cool roofs on nonresidential low-sloped roofs; applies to
new and retrofit projects over certain size thresholds.

<http://rules.sos.state.ga.us/docs/110/11/1/03.pdf> - Georgia Energy
Code revision applicable to cool roofs.

<http://egov.cityofchicago.org/> - See Energy Code listings under
Chicago Department of Construction and Permits under local government
portion of the website.
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Access these calculators on the Web:

ENERGY STAR Calculator:
<www.energystar.gov>,
under “Roof Products.”

ORNL Calculator:
<www.ornl.gov/sci/roofs+walls/
facts/CoolCalcEnergy.htm>.

For information on an effort begun
in 2007 to develop an integrated
EPA/Department of Energy (DOE)
calculator, see: <www.govforums.
org/e&w>.

The roofing calculator is intended to
estimate the savings that a reflective roof
can offer to a typical building and to aid
in the decision of whether to choose an
ENERGY STAR-qualified roof product. It is
only one of many tools that can be used in
the decision making process. A more de-
tailed building energy simulation would be
needed to estimate savings for a particular
building or calculate specific benefit-cost
ratios for a project.

Note that the ENERGY STAR calculator es-
timates could underpredict the energy sav-
ings from a cool roof in some cases. This
is because the equations used in the EN-
ERGY STAR calculator were derived from
multiple runs of a DOE building energy
analysis model, which does not consider
the effects of widely varying roof tempera-
tures or duct location. These effects in-
clude changes in the thermal conductivity
of the insulation, thermal radiation in the
attic or plenum, and conduction gains to
cooling ducts.

ORNL Cool Roof Calculator. This cool
roof calculator is a Web-based tool that
helps estimate the energy and financial
impacts from installing cool roofs on build-
ings with low-sloped roofs that do not have
ventilated attics or plenums.

To generate the equations used in this
tool, researchers ran a computer model of
a roof and ceiling assembly over a range
of climates for roofs with varying levels of
insulation, solar reflectance, and thermal
emittance. This model was calibrated to
emulate heat transfer measurements made
on a special roof and ceiling test assembly
at ORNL.3

This calculator requires input on build-
ing location (a choice of 235 different U.S.
cities is provided); information about the
insulation, solar reflectance, and thermal
emittance of the proposed roof; and the
cost of energy and efficiency of the heating
and cooling systems. The tool provides the
annual cost savings on a square-foot basis
in comparison to a black roof, as well as
annual heating energy savings or penalty,
also in dollars per square foot.

6.2 Roofing Programs and Organizations

Table 7 lists a number of programs that
actively promote cool roofs or that are cur-
rently involved in cool roof research.
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Table 7: Cool Roof Programs and Organizations

Program/Organization

Cool Metal Roofing Coalition

Role

This industry group educates architects,
building owners, specifiers, code and stan-
dards officials, and other stakeholders about
the sustainable, energy-related impacts of
cool metal roofing.

Web Address

<www.coolmetalroofing.org>

Cool Roof Rating Council (CRRC)

Created in 1998 as a nonprofit, educational
organization, CRRC’s members include
manufacturers, utilities, researchers, and
consultants. CRRC maintains a product rating
program and associated product directory.

<www.coolroofs.org>

ENERGY STAR

ENERGY STAR is a joint EPA and DOE program
that helps consumers save money and pro-
tect the environment through energy-
efficient products and practices. Regarding
cool roofs, the Web site provides informa-
tion on qualified roofing products, industry
partners, and case studies.

<www.energystar.gov>

National Roofing Contractors
Association (NRCA)

This trade association includes roofing, roof
deck, and waterproofing contractors and
industry-related associate members. It pro-
vides technical and safety information, news,
and calendars of industry events.

<www.nrca.net>

Roof Consultants Institute (RCI)

This international, nonprofit association
includes professional roof consultants, archi-
tects, and engineers. It hosts trade conven-
tions and develops standards for professional
qualifications.

<www.rci-online.org>

Roof Coatings Manufacturers As-
sociation (RCMA)

RCMA is a national trade association repre-
senting the manufacturers of cold-applied
coatings and cements for roofing and wa-
terproofing. It promotes the availability and
adaption of energy-efficient materials.

<www.roofcoatings.org>

Single Ply Roofing Industry (SPRI)

SPRI is a trade organization representing
sheet membrane and component suppli-

ers to the commercial roofing industry. It
provides information about and forums to
discuss industry practices, workforce training,
and other concerns.

<WWw.spri.org>
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Cool Pavements

ool pavements refer to a range of

established and emerging materials.

These pavement technologies tend to
store less heat and may have lower surface
temperatures compared with conventional
products. They can help address the prob-
lem of urban heat islands, which result in
part from the increased temperatures of
paved surfaces in a city or suburb. Commu-
nities are exploring these pavements as part
of their heat island reduction efforts.

Conventional pavements in the United States
are impervious concrete* and asphalt, which
can reach peak summertime surface tem-
peratures of 120-150°F (48-67°C).2 These
surfaces can transfer heat downward to be
stored in the pavement subsurface, where it
is re-released as heat at night. The warmer
daytime surface temperatures also can heat
stormwater as it runs off the pavement into
local waterways. These effects contribute to
urban heat islands (especially at nighttime)
and impair water quality.

In many U.S. cities, pavements represent the largest
percentage of a community’s land cover, compared
with roof and vegetated surfaces. As part of EPA’s
Urban Heat Island Pilot Project, Lawrence Berkeley
National Laboratory (LBNL) conducted a series of
urban fabric analyses that provide baseline data on
land use and land use cover, including paved sur-
faces for the pilot program cities.! Figure 1 shows
the percent of paved surfaces in four of these
urban areas, as viewed from below the tree canopy.
The data are from 1998 through 2002, depending
on the city. Paved areas, which can absorb and
store much of the sun’s energy contributing to the
urban heat island effect, accounted for nearly 30 to
45 percent of land cover.

Figure 1: Paved Surface Statistics for Four U.S. Cities
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*When new, concrete has a high solar reflectance and generally is considered a cool pavement; however, it loses reflectance over time, as discussed in

Section 1.2.
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Figure 2: Conventional Pavement Temperatures

National Center of Excellence on SMART Innova-

tions at Arizona State University

This picture of Phoenix, Arizona, in the summer shows a variety of conventional pavements that reached
temperatures up to 150°F (67°C).

Defining Cool Pavements

Unlike a “cool” roof, a “cool” pavement has no standard, official definition. Until
recently, the term has mainly referred to reflective pavements that help lower sur-
face temperatures and reduce the amount of heat absorbed into the pavement.

With the growing interest and application of permeable pavements—which allow
air, water, and water vapor into the voids of a pavement, keeping the material cool
when moist—some practitioners have expanded the definition of cool pavements to
include permeable pavements as well. Ongoing permeable pavement research is im-
portant because these systems, compared with conventional pavement systems, react
differently and lead to different environmental impacts. Further, as we understand
better how pavements affect urban climates and develop newer, more environmen-
tal technologies, additional technologies that use a variety of techniques to remain
cooler are likely to emerge.

As concerns about elevated summertime * Cool pavement initiatives and research
temperatures rise, researchers and policy- efforts

makers are directing more attention to the e  Resources for further information.
impact pavements have on local and global

climates. This chapter discusses: Given that cool pavements are an evolv-

ing technology and much is still unknown
about them, this compendium presents
basic information to give readers a general

* Pavement properties and how they
can be modified to reduce urban heat

islands understanding of cool pavement issues
* Conditions that affect pavement proper-  to consider; it is not intended to provide
ties decision guidance to communities. Deci-
«  Potential cool pavement technologies sion-makers can work with local experts

to obtain location-specific information to
* Cool pavement benefits and costs
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Why Have Communities Promoted Cool Roofs More Than Cool
Pavements?

A few decades ago when the concept of using cool roofs and pavements emerged,
researchers focused on radiative properties—surface solar reflectance and thermal
emittance—associated with these technologies. Scientists, engineers, and others
worked together through the standards-development organization ASTM Interna-
tional to create test standards for these properties that could apply to both roofs and
pavements. (See Section 4.1.) While researchers, industry, and supporters of energy
efficiency have helped advance cool roofing into the market, cool pavement has
lagged behind. Three factors, which differentiate pavements from roofs, may contrib-
ute to this difference:

1. Pavements are complex. Conditions that affect pavement temperatures, but not
roofing materials, include: (a) dirtying and wearing away of a surface due to daily
foot and vehicle traffic, affecting pavement surface properties; (b) convection
due to traffic movement over the pavement; and (c) shading caused by people
and cars, vegetation, and neighboring structures and buildings. These factors are
discussed in Sections 1.2 and 2.

2. Pavement temperatures are affected by radiative and thermal characteristics, un-
like cool roofs, where radiative properties are the main concern. This is discussed
in Section 1.3.

3. Pavements serve a variety of functions throughout an urban area. Their uses
range from walking trails to heavily trafficked highways (unlike cool roofs, which
generally perform the same function and are off-the-shelf products). Different
materials and specifications are needed for these different uses, and pavements
are often individually specified, making it difficult to define or label a cool pave-
ment.

further guide them in the pavement selec- 1. How It Works
tion process. EPA expects that significant
ongoing research efforts will expand the
opportunities for updating existing technol-
ogies and implementing new approaches
to cool pavements. At the end of Sections 4
and 5 in this document, organizations and
resources with the most recent information

Understanding how cool pavements work
requires knowing how solar energy heats
pavements and how pavement influences
the air above it. Properties such as solar
energy, solar reflectance, material heat
capacities, surface roughness, heat transfer
rates, thermal emittance, and permeability
affect pavement temperatures.

are listed. Communities will also continue
to implement new demonstration projects
and cool pavement initiatives. EPA intends
to provide updated information as it be-
comes available. Please visit <www.epa.
gov/heatisland/index.htm>.

COOL PAVEMENTS - DRAFT 3


http://www.epa.gov/heatisland/index.htm
http://www.epa.gov/heatisland/index.htm

Reducing or Shading Pavements

Some efforts have emerged that focus on reducing the need to pave, particularly over
vegetated areas that provide many benefits, including lowering surface and air tem-
peratures. Communities have used various options to reduce the amount of paved
surface areas, such as lowering parking space requirements, connecting parking and
mass transit services, allowing for narrower street widths, or providing incentives for
multi-level parking versus surface lots.3

Concerned communities that move forward with paving often shade it with vegeta-
tion. The “Trees and Vegetation” chapter discusses the use of measures such as park-
ing lot shading ordinances as part of a heat island mitigation strategy.

Another option some local governments and private firms are considering involves
installing canopies that incorporate solar panels in parking lots. These photovoltaic
canopies shade surfaces from incoming solar energy and generate electricity that can
help power nearby buildings or provide energy for plug-in electric vehicles.4

For more information on urban planning and design approaches to minimize paved
surfaces, see <www.epa.gov/smartgrowth>, and for information on vegetated sur-
faces, see the “Trees and Vegetation” chapter of this compendium.

Figure 3: Solar Energy versus Wavelength Reaching Earth’s Surface on a Typical Clear Summer Day
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Solar energy intensity varies over wavelengths from about 250 to 2,500 nanometers. Figure 3 demonstrates this
variation, using a normalized measure of solar intensity on a scale of zero (minimum) to one (maximum). Currently,
reflective pavements are light colored and primarily reflect visible wavelengths. However, similar to trends in the
roofing market, researchers are exploring pavement products that appear dark but reflect energy in the near-infrared
spectrum. 5 (See the “Cool Roofs” chapter of the compendium for more information.)
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1.1 Solar Energy

Solar energy is composed of ultraviolet
(UV) rays, visible light, and infrared en-
ergy, each reaching the Earth in different
percentages: 5 percent of solar energy is
in the UV spectrum, including the type of
rays responsible for sunburn; 43 percent of
solar energy is visible light, in colors rang-
ing from violet to red; and the remaining
52 percent of solar energy is infrared, felt
as heat. Energy in all of these wavelengths
contributes to urban heat island formation.
Figure 3 shows the typical solar energy
that reaches the Earth’s surface on a clear
summer day.

1.2 Solar Reflectance (Albedo)

Solar reflectance, or albedo, is the per-
centage of solar energy reflected by a
surface. Most research on cool pavements
has focused on this property, and it is the
main determinant of a material’s maximum
surface temperature.® Albedo also affects
pavement temperatures below the surface,
because less heat is available at the sur-
face to then be transferred into the pave-
ment. Researchers, engineers, and industry
have collaborated to develop methods to
determine solar reflectance by measuring
how well a material reflects energy at each
wavelength, then calculating the weighted
average of these values.” (See Table 1 on
page 7.)

Conventional paving materials such as as-
phalt and concrete have solar reflectances of
5 to 40 percent, which means they absorb
95 to 60 percent of the energy reaching
them instead of reflecting it into the atmo-
sphere. (See Figure 4.) However, as Figure 4
also shows, these values depend on age and

Most existing research on cool pave-
ments focuses on solar reflectance,
which is the primary determinant of
a material’s maximum surface tem-
perature. Many opportunities exist to
improve this property in pavements.
(See Table 2, beginning on page 15.)

Figure 4: Typical Solar Reflectance of
Conventional Asphalt and Concrete Pavements
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Due to weathering and the accumulation of dirt, the
solar reflectances of conventional asphalt and concrete
tend to change over time. Asphalt consists largely of
petroleum derivatives as a binder mixed with sand or
stone aggregate. Asphalt tends to lighten as the binder
oxidizes and more aggregate is exposed through wear.
Concrete also uses sand and stone aggregate, but in
contrast to asphalt, typically uses Portland cement as

a binder. 7 Foot and vehicle traffic generally dirty the
cement causing it to darken over time.

material, and thus usually change over time.
Figure 5 shows how changing only albedo
can significantly alter surface temperatures.
Although researchers, including those at
LBNL, have made light-colored pavements
with solar reflectances greater than 75 per-
cent,8 these high albedo pavements do not
have widespread commercial availability.

* Albedo is typically measured on a scale of zero to one. For this compendium, albedo is given as a percentage, so an albedo of 0.05 corresponds to a solar
reflectance of 5 percent. The “solar reflectance index” is a value on a scale of zero to 100 that incorporates both solar reflectance and thermal emittance in
a single measure to represent a material’s temperature in the sun. (See Table 1 on page 7 or further explanation.)
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Figure 5: The Effect of Albedo on Surface Temperature
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Albedo alone can significantly influence surface temperature, with the white stripe on the brick wall about 5-10°F

(3-5°C) cooler than the surrounding, darker areas.

1.3 Thermal Emittance

A material’s thermal emittance determines
how much heat it will radiate per unit area
at a given temperature, that is, how readily a
surface sheds heat. Any surface exposed to
radiant energy will heat up until it reaches
thermal equilibrium @.e., gives oftf as much
heat as it receives). When exposed to sun-
light, a surface with high emittance will
reach thermal equilibrium at a lower tem-
perature than a surface with low emittance,
because the high-emittance surface gives
off its heat more readily. As noted in Table
1 on page 7, ASTM methods can be used to
measure this property.

Thermal emittance plays a role in determin-
ing a material’s contribution to urban heat
islands. Research from 2007 suggests albedo
and emittance have the greatest influence
on determining how a conventional pave-
ment cools down or heats up, with albedo
having a large impact on maximum sur-
face temperatures, and emittance affecting
minimum temperatures.® Although thermal
emittance is an important property, there
are only limited options to adopt cool pave-
ment practices that modify it because most
pavement materials inherently have high
emittance values.10
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Standards for Measuring Solar Reflectance and Thermal
Emittance

To evaluate how “cool” a specific product is, ASTM International has validated labo-
ratory and field tests and calculations to measure solar reflectance, thermal emit-
tance, and the solar reflectance index, which was developed to try to capture the
effects of both reflectance and emittance in one number. (See Table 1 below.) Labo-
ratory measurements are typically used to examine the properties of new material
samples, while field measurements evaluate how well a material has withstood the
test of time, weather, and dirt.

The final method listed in Table 1 is not an actual test but a way to calculate the
“solar reflectance index” or SRI. The SRI is a value that incorporates both solar reflec-
tance and thermal emittance in a single value to represent a material’s temperature
in the sun. This index measures how hot a surface would get compared to a standard
black and a standard white surface. In physical terms, this scenario is like laying a
pavement material next to a black surface and a white surface and measuring the
temperatures of all three surfaces in the sun. The SRI is a value between zero (as hot
as a black surface) and 100 (as cool as a white surface).

Table 1: Solar Reflectance and Emittance Test Methods

Property | Test Method | Equipment Used | Test Location
Solar reflectance ASTM E 903 - Standard Test Method Integrating sphere spectro- Laboratory
for Solar Absorbance, Reflectance, photometer

and Transmittance of Materials Using
Integrating Spheres.

Solar reflectance ASTM C 1549 - Standard Test Method Portable solar reflectometer | Laboratory or
for Determination of Solar Reflectance field

Near Ambient Temperature Using a
Portable Solar Reflectometer

Solar reflectance ASTM E 1918 - Standard Test Method Pyranometer Field
for Measuring Solar Reflectance of
Horizontal and Low-Sloped Surfaces in

the Field
Total emittance ASTM E408-71 - Standard Test Methods | Portable, inspection-meter Laboratory or
for Total Normal Emittance of Surfaces | instruments field

Using Inspection-Meter Techniques

Solar reflectance ASTM E 1980 - Standard Practice for None (calculation) —
index Calculating Solar Reflectance Index of
Horizontal and Low-Sloped Opaque
Surfaces
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Pavement Surface and Subsurface Temperatures

This chapter mainly focuses on pavement surface temperatures, as most of the cited
studies focus on the surface layer. For conventional pavements, most of the impacts
at the surface tend to affect the subsurface similarly. For example, conventional
pavements with high solar reflectance generally reduce surface and subsurface tem-
peratures, as less heat is available at the surface to absorb into the pavement. How-
ever, permeable surfaces react differently. When dry, permeable pavement surface
temperatures may be higher than their impermeable equivalent; but preliminary
research shows that the subsurface generally is similar to or even cooler than the
conventional equivalent, because the permeable layer reduces heat transfer below.11
More information on subsurface heat transfer is needed to understand the potential
heat island impacts because the heat stored in the subsurface may significantly af-
fect nighttime temperature. Still, many complex interactions take place between the
surface and subsurface layers. These interactions are either briefly covered in Section

1.5 or beyond the scope of this chapter.

1.4 Permeability

Although originally designed for storm-
water control, permeable pavements are
emerging as a potential cool pavement.

These pavements allow air, water, and

water vapor into the voids of the pavement.

Permeable pavement technologies include
porous asphalt applications, pervious con-
crete applications, permeable pavers, and
grid pavements. To achieve both perme-
ability objectives and structural needs for
expected traffic load, these permeable
pavements benefit from proper design and
installation.12

When wet, these pavements can lower tem-
peratures through evaporative cooling. The
water passes through the voids and into the
soil or supporting materials below. (See Fig-
ure 6.) Moisture within the pavement struc-
ture evaporates as the surface heats, thus
drawing heat out of the pavement, similar
to evaporative cooling from vegetated land
cover. Some permeable pavement systems

Figure 6: Permeable versus
Conventional Asphalt

u.s. Departmentﬂof.AgricuIture

Permeable asphalt (foreground) allows water to
drain from the surface and into the voids in the
pavement, unlike conventional asphalt (mid- and
background).

contain grass or low-lying vegetation, which
can stay particularly cool because the sur-
face temperature of well-hydrated vegeta-
tion typically is lower than the ambient air
temperature.
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When dry, the extent to which permeable
pavements can influence temperatures is
more complex and uncertain. For example,
the larger air voids in permeable pave-
ments increase the available surface area.
These conditions may limit heat transfer

to the lower pavement structure and soils,
keeping heat at the pavement’s surface
(and increasing daytime surface tempera-
tures), but reducing bulk heat storage (re-
ducing release of heat at nighttime).13 The
larger surface area also may help increase
air movement—convection—over the pave-
ment, transferring heat from the pavement
to the air. Overall, the limited transfer of
heat to the pavement subsurface layers
would reduce the release of heat during
the nighttime. Release of stored heat from
urban materials is a significant contributor
to the nighttime heat island experienced in
many cities.

More research is needed to better under-
stand the impacts of permeable pavement
on air temperatures and urban heat island
conditions. Given the complexity of these
cooling mechanisms, and the wide range of
conditions under which these pavements
function, further field testing and valida-
tion would help to quantify and clarify the
range of impacts and benefits of permeable
pavements on urban climates.

1.5 Other Factors to Consider

Pavement temperatures depend on a series
of factors. Reflective pavements increase
the albedo of the surface to limit heat gain,
whereas permeable pavements permit
evaporative cooling when the pavement is
moist, helping to keep it cool. As shown in
Table 2 (beginning on page 15), however,
actual conditions alter pavement proper-
ties, resulting in pavements that may not be
“cool” under all circumstances. This chapter
presents these issues for communities to
consider when making pavement choices.

Water Retentive Pavements
and Water Sprinkling in
Japan

Some cities in Japan, such as
Tokyo and Osaka, are testing the
effectiveness of water retentive
pavements as part of using
permeable pavements to reduce
the heat island effect. These porous
pavements can be asphalt or
concrete-based and have a sublayer
that consists of water retentive
materials that absorb moisture and
then evaporate it through capillary
action when the pavement heats
up. Some of these systems involve
underground water piping to
ensure the pavement stays moist.
Researchers have also tested water
sprinkling, where pavements are
sprayed with water during the

day. Some cities have used treated
wastewater. Results to date are
promising, as both water retentive
pavements and water sprinkling have
been effective in keeping pavement
temperatures low.14

Besides solar reflectance, emittance, and
permeability, other properties and factors
influence how readily pavements absorb or
lose heat.

e Convection. Pavement transfers heat to
the air through convection as air moves
over the warm pavement. The rate of
convection depends on the velocity
and temperature of the air passing over
the surface, pavement roughness, and
the total surface area of the pavement
exposed to air. Some permeable pave-
ments have rougher surfaces than con-
ventional pavements, which increases

COOL PAVEMENTS - DRAFT



their effective surface area and creates
air turbulence over the pavement. While
this roughness can increase convection
and cooling, it may also reduce a sur-
face’s net solar reflectance.

Thermal Conductivity. Pavement with
low thermal conductivity may heat up
at the surface but will not transfer that
heat throughout the other pavement
layers as quickly as pavement with
higher conductivity.

Heat Capacity. Many artificial materi-
als, such as pavement, can store more
heat than natural materials, such as dry
soil and sand. As a result, built-up areas
typically capture more of the sun’s
energy—sometimes retaining twice as
much as their rural surroundings dur-
ing daytime.!> The higher heat capacity
of conventional urban materials con-
tributes to heat islands at night, when
materials in urban areas release the
stored heat.

Thickness. The thickness of a pave-
ment also influences how much heat it
will store, with thicker pavements stor-
ing more heat.10

Urban Geometry. The dimensions and
spacing of buildings within a city, or ur-
ban geometry, can influence how much
heat pavements and other infrastruc-
ture absorb. For example, tall buildings
along narrow streets create an “urban
canyon.” (See Figure 7.) This canyon ef-
fect can limit heat gain to the pavement
during the day, when the buildings pro-
vide shade. But these same buildings
may also absorb and trap the heat that
is reflected and emitted by the pave-
ment, which prevents the heat from
escaping the city and exacerbates the
heat island effect, especially at night.
The overall impact of the urban canyon
effect will depend on how a specific
city is laid out, the latitude, the time of
year, and other factors.

More research is needed to determine the
exact impacts these properties have on
pavement temperatures and the urban heat
island effect.

1.6 Temperature Effects

Solar reflectance and thermal emittance
have noticeable effects on surface tempera-
tures, as discussed in Sections 1.2 and 1.3.
Depending on moisture availability, perme-
able pavements also can lower pavement
temperatures. Other properties, as noted in
Section 1.5, also influence pavement sur-
face and subsurface temperatures through
a variety of complex interactions. In gener-
al, lower surface temperatures will result in
lower near-surface air temperatures, with
the effect decreasing as one moves farther
away from the surface due to air mixing.
Location-specific conditions, such as wind
speed and cloud cover, can greatly influ-
ence surface and air temperatures.

Currently, few studies have measured the
role pavements play in creating urban heat
islands, or the impact cooler pavements
can have on reducing the heat island ef-
fect. Researchers at LBNL, however, have
estimated that every 10 percent increase
in solar reflectance could decrease sur-
face temperatures by 7°F (4°C). Further,
they predicted that if pavement reflec-
tance throughout a city were increased
from 10 percent to 35 percent, the air
temperature could potentially be reduced
by 1°F (0.6°C).17 Earlier research analyzed
a combination of mitigation measures in
the Los Angeles area, including pavement
and roofing solar reflectance changes, and
increased use of trees and vegetation. The
study identified a 1.5°F (0.8°C) temperature
improvement from the albedo changes.18 A
subsequent report analyzed the monetary
benefits associated with these temperature
improvements, and estimated the indirect
benefits (energy savings and smog reduc-
tions) of the temperature reduction in Los

10

REDUCING URBAN HEAT ISLANDS - DRAFT



Figure 7: Urban Canyons

The row of three- and four-story townhouses on the left creates a relatively modest urban canyon, while the

skyscrapers on the right have a more pronounced effect.

Angeles from pavement albedo improve-
ments would be more than $90 million per
year (in 1998 dollars).1?

2. Potential Cool Pavement Types

Current cool pavements are those that have
increased solar reflectance or that use a
permeable material. Some of these pave-
ments have long been established—such

as conventional concrete, which initially
has a high solar reflectance. Others are
emerging—such as microsurfacing, which
is a thin sealing layer used for mainte-
nance.20 Some pavement applications are
for new construction, while others are used
for maintenance or rehabilitation. Not all
applications will be equally suited to all

uses. Some are best for light traffic areas,
for example. Further, depending on local
conditions—such as available materials,
labor costs, and experience with different
applications—certain pavements may not
be cost effective or feasible.

Generally, decision-makers choose pav-
ing materials based on the function they
serve. Figure 8 shows the proportions of
pavement used for different purposes in
four cities. Parking lots typically make up
a large portion of the paved surfaces in
urban areas. All current cool pavement
technologies can be applied to parking
lots, which may explain why many re-
search projects have been and are being
conducted on them.

Mark Meier
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Figure 8: Percentage of Pavement Area by Type
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LBNL conducted a paved surface analysis in four cities,

dividing the uses into four general categories. Roads
and parking lots make up the majority of paved areas.

Below are brief descriptions of potential
cool pavements and their typical uses:

B Roads

= Parking
Sidewalks

u Other

Conventional asphalt pavements,
which consist of an asphalt binder
mixed with aggregate, can be modified
with high albedo materials or treated
after installation to raise reflectance.
This material has been applied for de-
cades in a wide range of functions from
parking lots to highways.

Conventional concrete pavements,
made by mixing Portland cement,
water, and aggregate, can be used in a
wide range of applications including
trails, roads, and parking lots.

Other reflective pavements, made
from a variety of materials, are mostly
used for low-traffic areas, such as side-
walks, trails, and parking lots. Exam-
ples include:

— Resin based pavements, which
use clear tree resins in place of
petroleum-based elements to bind
an aggregate

— Colored asphalt and colored con-
crete, with added pigments or seals
to increase reflectance

Modified from LBNL

Nonvegetated permeable pavements
contain voids and are designed to allow
water to drain through the surface into
the sublayers and ground below. These
materials can have the same structural
integrity as conventional pavements.
For example, some forms of porous
pavements, such as open-graded fric-
tion course (OGFC) asphalt pave-
ments, have been in use for decades

to improve roadway friction in wet
weather.22 Recently, rubberized asphalt
has been used on roads and highways
to reduce noise, and pervious concrete
applications are being studied for road-
way use. For some permeable pavement
options, the typical use may be for
lower traffic areas such as parking lots,
alleys, or trails. Examples of nonveg-
etated permeable pavements include:

— Porous asphalt

— Rubberized asphalt, made by mix-
ing shredded rubber into asphalt

— Pervious concrete

— Brick or block pavers, are gener-
ally made from clay or concrete,
and filled with rocks, gravel, or soil;
also available in a variety of colors
and finishes designed to increase
reflectance

Vegetated permeable pavements,
such as grass pavers and concrete grid
pavers, use plastic, metal, or concrete
lattices for support and allow grass or
other vegetation to grow in the inter-
stices. Although the structural integrity
can support vehicle weights compa-
rable to conventional pavements, these
materials are most often used in areas
where lower traffic volumes would
minimize damage to the vegetation,
such as alleys, parking lots, and trails,
and they may be best suited to climates
with adequate summer moisture.

12
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* Chip seals consist of aggregate bound
in liquid asphalt, and are often used to
resurface low-volume asphalt roads and
sometimes highways.

*  Whitetopping is a layer of concrete
greater than 4 inches (10 cm) thick,
often containing fibers for added
strength. Typical applications include
resurfacing road segments, intersec-
tions, and parking lots.

* Ultra-thin whitetopping is similar
to whitetopping and can be used in
the same applications, but is only 2—-4
inches (5-10 cm) thick.

* Microsurfacing is a thin sealing layer
used for road maintenance. Light-col-
ored materials can be used to increase
the solar reflectance of asphalt. Re-
searchers recently applied light-colored
microsurfacing material that consisted
of cement, sand, other fillers, and a lig-
uid blend of emulsified polymer resin,
and found the solar reflectance to be
comparable to that of new concrete.23

Table 2, beginning on page 15, provides
summary information for decision-makers
to consider. It is meant as a preliminary
guide, as more research and location-
specific data are needed. Table 2 includes
the following:

* A brief description of the technology
* The properties associated with it

* The potential impacts on pavement and
air temperatures

e Issues to consider

* Target functions.

Regarding impacts, the “+” sign indicates a
positive effect; for example, a technology
generally results in lower pavement tem-
peratures. A “-” signals a negative effect; for
example, a technology may lead to higher
air temperatures in certain conditions.

]
Slag and Fly Ash Cement

Slag and fly ash are sometimes added
to concrete to improve its perfor-
mance. Slag is a byproduct of pro-
cessing iron ore that can be ground

to produce cement, and fly ash is

a byproduct of coal combustion.24
These materials can make concrete
stronger, more resistant to aggressive
chemicals, and simpler to place. These
cements also reduce material costs
and avoid sending wastes to landfills.
A key heat island benefit of slag is its
lighter color, which can increase the
reflectivity of the finished pavement.
A 2007 study measured a solar reflec-
tance of almost 60 percent for cement
with slag, versus about 35 percent

for a conventional concrete mix.2> In
contrast, fly ash tended to darken con-
crete unless counterbalanced, such as
by added slag. However, substituting
fly ash for a portion of the Portland
cement reduces greenhouse gases and
other emissions associated with pro-
ducing Portland cement. Because of
such benefits, California’s Department
of Transportation typically requires
use of 25 percent fly ash in cement
mixtures.20

Effects described in the table do not con-
sider magnitude, which may be influenced
by local conditions. Therefore, this infor-
mation is not intended for comparison.
The cool pavement technologies in Table

2 can have positive and negative impacts,
depending on actual conditions such as
moisture availability and urban design.
The points listed under “issues and consid-
erations” further illustrate the complexity
associated with cool pavements. These bul-
lets only discuss concerns related to urban

COOL PAVEMENTS - DRAFT
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heat islands and do not include other local
factors or priorities that decision-makers
generally consider when making pavement
choices.

Despite its limitations, Table 2 can be used
as a starting point. For example, using
Table 2, a city that generally uses asphalt
paving can identify alternative cool as-
phalt technologies for functions from bike
trails to roads. They can also discern that
high albedo pavements may be most effec-
tive in open areas, not surrounded by tall
buildings. Most communities will further
investigate the benefits and costs of the
technology, as discussed in Section 3, and
location-specific factors, such as political
acceptance and experience with the tech-
nology.

]
Filling in the Gaps

As more researchers and communi-
ties install cool pavement technolo-
gies, more data will be generated and
shared in forums such as the Trans-
portation Research Board Subcom-
mittee on Paving Materials and the
Urban Climate. (See Section 4 of this
chapter.)
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications

NEW CONSTRUCTION

Pavement Type Description of Properties to Consider | Pavement Temperature | Urban Climate Impacts | Issues and Target Use

14vd4d - SINIW3IAVC 100D

Technology

Impacts

Considerations

Reflective Pavement Options

Asphalt pavement,
modified with high
albedo materials or
treated after installation
to raise albedo.

Asphalt pavements
consist of an asphalt
binder mixed with sand
or stone, referred to as
aggregate.

Solar reflectance,
which initially may
be 5%, can increase
to 15-20% as con-
ventional asphalt
ages. 27

Using light-colored
aggregate, color pig-

+ Lowers pavement
temperature because
more of the sun’s
energy is reflected
away, and there is less
heat at the surface to
absorb into the pave-
ment.

+ Can contribute to
lower air tempera-
tures day and night,

although air tempera-

tures are not directly
related to surface
temperatures and
many complicating

« Solar reflectance

increases over time,
and conventional
asphalt may reach a
reflectance of 20%
after seven years.2?
(See Section 1.2.)

+ Urban geometry,

Can be used in all
applications, such as
trails and roads.
May be most effec-
tive when paving
large, exposed areas
such as parking lots.

ments, or sealants, factors are involved.28 in particular urban
- Reflected heat can be

absorbed by the sides

the reflectance of canyons, influences

conventional asphalt the impact reflective

Sl

can be increased.
Maintenance ap-
plications such as
chip seals also can
increase solar reflec-
tance. (See below.)
Urban geometry can
influence the effect
of high albedo pave-
ments.

of surrounding build-
ings warming the in-
terior of the building
and contributing to
the nighttime urban
heat island effect,
due to the additional
heat that needs to be
released from urban
infrastructure.

pavements have on
the urban climate.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)
NEW CONSTRUCTION (continued)

- Conventional
- Modified

with water and ag-
gregate. Cured until it is
strong enough to carry
traffic.

tance can be 40%.

This can be raised

to more than 70%
using white cement
instead of gray ce-
ment mixtures.30

+ Urban geometry can
influence the effect
of high-albedo pave-
ments.

temperature because
more of the sun’s
energy is reflected
away, and there is less
heat at the surface to
absorb into the pave-
ment.

lower air tempera-
tures day and night,
although air tempera-
tures are not directly
related to surface
temperatures and
many complicating
factors are involved.
- Reflected heat can be
absorbed by the sides
of surrounding build-
ings warming the in-
terior of the building
and contributing to
the nighttime urban
heat island effect,
due to the additional
heat that needs to be
released from urban

infrastructure.

decreases over time,
as soiling from traffic
darkens the surface.

« Conventional con-
crete may reach a
reflectance of 25%
after 5 years. 31 (See
Section 1.2.)

- Urban geometry,
in particular urban
canyons, influences
the impact reflective
pavements have on
the urban climate.

Pavement Type Description of Properties to Consider Pavement Temperature | Urban Climate Impacts | Issuesand Target Use
Technology Impacts Considerations
Reflective Pavement Options (continued)
Concrete: Portland cement mixed | « Initial solar reflec- + Lowers pavement + Can contribute to « Solar reflectance « Can be usedinall

applications, such as
trails and roads.

May be most effec-
tive when paving
large, exposed areas,
such as parking lots.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)
NEW CONSTRUCTION (continued)

Pavement Type

Description of
Technology

Properties to Consider

Pavement Temperature
Impacts

Urban Climate Impacts

Issues and
Considerations

Target Use

Reflective Pavement Options (con

tinued)

Other reflective
pavements:

+ Resin based

« Colored asphalt

+ Colored concrete

« Resin based pave-
ments use clear
colored tree resins in
place of cement to
bind the aggregate,
thus albedo is mainly
determined by ag-
gregate color.

« Colored asphalt or
concrete involve pig-
ments or seals that
are colored and may
be more reflective
than the conven-
tional equivalent.
These can be applied
when new or during
maintenance.

+ These alternative
pavements will have
varying solar reflec-
tances based on the
materials used to
construct them.

+ Urban geometry can
influence the effect
high-albedo pave-
ments have.

+ Lowers pavement
temperature because
more of the sun’s
energy is reflected
away, and there is less
heat at the surface
to absorb into the
pavement.

+ Can contribute to
lower air tempera-
tures day and night,
although air tempera-
tures are not directly
related to surface
temperatures and
many complicating
factors are involved.

- Reflected heat can be
absorbed by the sides
of surrounding build-
ings warming the in-
terior of the building
and contributing to
the nighttime urban
heat island effect,
due to the additional
heat that needs to be
released from urban
infrastructure.

« As with concrete,
solar reflectance may
decrease over time
as soiling from traffic
makes the pavement
darker and the sur-
face wears away.

« Urban geometry,
particularly urban
canyons, influences
the impact high-
albedo pavements
have on the urban

climate.

« Use depends on the
pavement applica-
tion. In general,
these alternative
pavements are used
for low-traffic areas,
such as sidewalks,
trails, and parking
lots.

+  May be most effec-
tive when paving
large, exposed areas,
such as parking lots.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)
NEW CONSTRUCTION (continued)

Pavement Type

Description of
Technology

Properties to Consider

Pavement Temperature
Impacts

Urban Climate Impacts

Issues and
Considerations

Target Use

Permeable Pavement Options

Nonvegetated perme-
able pavements

Porous asphalt has
more voids than con-
ventional asphalt to
allow water to drain
through the surface
into the base.
Rubberized asphalt,
or crumb rubber, in-
volves mixing shred-
ded rubber into
asphalt. This material
is generally used to
reduce noise.

Other porous
asphalts or open-
grade course friction
surfaces can also be
used for reducing
noise. 32

Provides cool-

ing through
evaporation.

Solar reflectance of
these materials de-
pends on individual
materials (e.g., gravel
may be white and
very reflective). In
general, permeable
pavements may be
less reflective than
their nonpermeable
equivalent due to
the increased surface
area.’3

Increased convec-
tion may help cool
the pavement due
to increased surface
area. 34

+ When wet, lowers

pavement tempera-
ture through evapora-
tive cooling.

—When dry, may be hot

at the surface, but
subsurface generally
will be same tempera-
ture as nonpermeable
equivalent.

+ When moist, can
contribute to lower
air temperatures day
and night, through
evaporative cooling,
although air tempera-
tures are not directly
related to surface
temperatures and
many complicating
factors are involved.

—When dry, can
contribute to higher
daytime surface
temperatures, but
may not affect or may
even reduce night-
time air temperatures,
although air tempera-
tures are not directly
related to surface
temperatures and
many complicating
factors are involved.

Cooling mecha-
nism depends on
available moisture.
Supplemental water-
ing may keep them
cooler.35

Void structure may
aid in insulating the
subsurface from heat
absorption.

More research
needed to deter-
mine permeable
pavement impacts
on pavement and air
temperatures.

Structurally, avail-
able for any use.
Rubberized asphalt
and open-graded
friction course
asphalt are used on
roads and highways
and pervious con-
crete actively being
considered.
Technologies often
applied to lower
traffic areas, such as
parking lots, alleys,
and trails.

May be best in cli-
mates with adequate
moisture during the
summer.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)
NEW CONSTRUCTION (continued)

permeable pavements
(continued)

has more voids than
conventional con-
crete to allow water
to drain through
the surface into the
base.

« Brick or block pavers
are generally made
from clay or concrete
blocks filled with
rocks, gravel, or soil.

Pavement Type Description of Properties to Consider Pavement Temperature | Urban Climate Impacts | Issuesand Target Use
Technology Impacts Considerations
Permeable Pavement Options (continued)
Nonvegetated «  Pervious concrete (see prior page) (see prior page) (see prior page) (see prior page) (see prior page)

Vegetated permeable
pavements:
» Grass pavers
» Concrete
grid pavers

« Plastic, metal, or
concrete lattices
provide support and
allow grass or other
vegetation to grow
in the interstices.

+ Provides cooling
through evapotrans-
piration.

- Sustainability of
vegetation may vary
with local conditions.

+ Lowers pavement
temperatures
through evapotrans-
piration, particularly
when moist.

+ When dry may
still be cooler than
other pavement
options due to the
natural properties of
vegetation.

+ In most conditions
will contribute to
lower air tempera-
tures day and night,
through evapo-
transpiration and
natural properties of
vegetation. Mois-
ture availability will
greatly increase its
effectiveness.

Cooling mecha-
nism depends on
available moisture.
Supplemental mois-
ture, for example
watering pavements,
may keep them
cooler.36

More research
needed to determine
temperature impacts
from vegetated
pavements under

a wide range of
conditions.

+ Low-traffic areas,
such as alleys, park-
ing lots, and trails.

+ May be best in cli-
mates with adequate
moisture during the
summer.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)

MAINTENANCE/REHABILITATION

Pavement Type

Description of
Technology

Properties to Consider

Pavement Temperature
Impacts

Urban Climate Impacts

Issues and
Considerations

Target Use

Reflective Pavement Options

Chip seals made with
high-albedo aggregate

« Chip seals describe
aggregate used to
resurface low-
volume asphalt
roads and some-
times for highway
surfaces.

« Solar reflectance of
chip seals will corre-
late with the albedo
of the aggregate
used. In San Jose, CA,
researchers identi-
fied albedo of 20%
for new chip seals,
which then decline
with age. 37

+ Urban geometry can
influence the effect
high-albedo pave-
ments have

+ Lowers pavement sur-
face and subsurface
temperature because
more of the sun’s
energy is reflected
away, and there is less
heat at the surface
to absorb into the
pavement.

+ Can contribute to
lower air tempera-
tures day and night,
although air tempera-
tures are not directly
related to surface
temperatures and
many complicating
factors are involved.

- Reflected heat can be
absorbed by the sides
of surrounding build-
ings warming the in-
terior of the building
and contributing to
the urban heat island
effect.

Solar reflectance

decreases over time,
as soiling from traffic
makes chip seals
darker.

+ Urban geometry, in
particular urban
canyons, influences
the impact high-
albedo pavements
have on the urban
climate.

«  Chip seals are most
often used to resur-
face low-volume
asphalt roads,
although highway
applications also
exist.

+ May be most effec-
tive when paving
large, exposed areas,
such as parking lots.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)
MAINTENANCE/REHABILITATION (continued)

Pavement Type

Description of
Technology

Properties to Consider

Pavement Temperature
Impacts

Urban Climate Impacts

Issues and
Considerations

Target Use

Reflective Pavement Options (con

tinued)

Whitetopping

«  Whitetopping is a
thick layer (thick-
ness greater than
4 inches or 10 cm)
of concrete applied
over existing asphalt
when resurfacing
or can be applied to
new asphalt. It often
contains fibers for
added strength.

« Ultra-thin whitetop-
ping is generally 2-4
inches (5-10 cm)
thick and similar to
whitetopping.

+ The solar reflectance
of whitetopping
material can be as
high as concrete.

Urban geometry

can influence the
effect of high-albedo
pavements.

+ Lowers pavement sur-
face and subsurface
temperature because
more of the sun’s
energy is reflected
away, and there is less
heat at the surface
to absorb into the

pavement.

+ Can contribute to
lower air tempera-
tures day and night,
although air tempera-
tures are not directly
related to surface
temperatures and
many complicating
factors are involved.

- Reflected heat can be
absorbed by the sides
of surrounding build-
ings, warming the in-
terior of the building
and contributing to
the urban heat island
effect.

Solar reflectance

decreases over time,
as soiling from traffic
makes whitetopped

surfaces darker.

+ Urban geometry, in
particular urban
canyons, influences
the impact high-
albedo pavements
have on the urban
climate.

« Whitetopping and
ultra-thin whitetop-
ping are generally
used to resurface
road segments,
intersections, and
parking lots.

+ May be most effec-
tive when paving
large, exposed areas,
such as parking lots.
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Table 2: Properties that Influence Pavement Temperatures—Impacts and Applications (continued)
MAINTENANCE/REHABILITATION (continued)

Pavement Type

Description of
Technology

Properties to Consider

Pavement Tempera-
ture Impacts

Urban Climate Impacts

Issues and Consider-
ations

Target Use

Reflective Pavement Options (continued)

Microsurfacing
with high-
albedo materials

+ A thin sealing
layer used for road
maintenance.

« Light-colored
materials can be
used to increase
the solar reflec-
tance of asphalt.

« Solar reflectance of
microsurfacing will cor-
relate with the albedo
of the materials used.

« Researchers recently
measured solar reflec-
tances of microsurfac-
ing applications over
35%.38

+ Lowers pavement
surface and sub-
surface tempera-
ture because more
of the sun’s energy
is reflected away,
and there is less
heat at the surface
to absorb into the

pavement.

+ Can contribute to lower
air temperatures day and
night, although air tem-
peratures are not directly
related to surface tempera-
tures and many complicat-
ing factors are involved.

— Reflected heat can be
absorbed by the sides of
surrounding buildings,
warming the interior of the
building and contributing
to the urban heat island
effect.

« Solar reflectance
may decrease over
time, if soiling from
traffic makes high-
albedo microsurfac-
ing materials darker.

« Urban geometry,
particularly urban
canyons, influences
the impact high-
albedo pavements
have on the urban
climate.

« Used to extend pavement
life and on worn pave-
ments that need improved
friction, such as low- to
medium-volume roads,
airport runways, and park-
ing areas.




3. Benefits and Costs

Currently, few studies provide detailed
data on the benefits and costs of cool
pavements. This section aims to provide

a general discussion as a starting point
for decision-makers to consider and gives
examples where available. Again, decision-
makers will also consider location-specific
factors such as functionality of pavements
in the local climate, political acceptance,
and experience with the technology. Re-
sources and examples providing the latest
information are listed in Sections 4 and 5.

3.1 Benefits

Installing cool pavements can be part of
an overall strategy to reduce air tempera-
tures, which can result in a wide range of
benefits. The information below highlights
existing research in this area.

Reduced Energy Use

As noted earlier, researchers predicted that
if pavement reflectance throughout a city
were increased from 10 to 35 percent, the
air temperature could potentially be re-
duced by 1°F (0.6°C), which would result in
significant benefits in terms of lower energy
use and reduced ozone levels. For example,
an earlier, separate study estimated over $90
million/year in savings from temperature
reductions attributed to increased pavement
albedo in the Los Angeles area.3

Similarly, when permeable pavements
evaporate water and contribute to lower
air temperatures, they also provide other
energy benefits.40 Permeable pavements
can allow stormwater to infiltrate into

the ground, which decreases stormwater
runoff. With reduced runoff, communities
may realize energy savings associated with
pumping stormwater and maintaining con-
veyance structures. These cost savings may
be significant in areas where there are

Measuring Energy Savings
from Cool Roofs versus
Cool Pavements

Measuring the energy impacts from a
cool roof is relatively easy compared
with quantifying those from pave-
ment installations. With a roof, one
can measure energy demand before
and after the installation, and in a
controlled experiment, the change in
demand can be associated with the
roofing technology. In contrast, pave-
ments affect building energy demand
through influencing air temperature,
which is a more complex relation-
ship to isolate and measure.

old, combined sewers (where stormwater
drains into the sanitary sewer system).

Air Quality and Greenhouse Gas Emissions

Depending on the electric power fuel mix,
decreased energy demand associated with
cool pavements will result in lower associ-
ated air pollution and greenhouse gas emis-
sions. Cooler air temperatures also slow the
rate of ground-level ozone formation and re-
duce evaporative emissions from vehicles. A
2007 paper estimated that increasing pave-
ment albedo in cities worldwide, from an
average of 35 to 39 percent, could achieve
reductions in global carbon dioxide (CO,)
emissions worth about $400 billion.4!

Water Quality and Stormwater Runoff

Pavements with lower surface tempera-
tures—whether due to high solar reflec-
tance, permeability, or other factors—can
help lower the temperature of stormwater
runoff, thus ameliorating thermal shock to
aquatic life in the waterways into which
stormwater drains.42 Laboratory tests with
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permeable pavers have shown reductions
in runoff temperatures of about 3-7°F
(2-4°C) in comparison with conventional
asphalt paving.43

Permeable pavements allow water to

soak into the pavement and soil, thereby
reducing stormwater runoff, recharging
soil moisture, and improving water qual-
ity by filtering out dust, dirt, and pollut-
ants.4445 Outdoor testing and laboratory
measurements have found that permeable
pavements can reduce runoff by up to

90 percent.40 Reducing runoff decreases
scouring of streams, and, in areas with
combined sewers, this flow reduction can
help minimize combined sewer overflows
that discharge sewage and stormwater into
receiving waters. The amount of water
that these pavements collect varies based
on the type of aggregate used and the po-
rosity of the pavements, as well as on the
absorptive ability of the materials support-
ing the pavement.

Increased Pavement Life and Waste Reduction

Reducing pavement surface temperatures
can reduce the risk of premature failure of
asphalt pavements by rutting (depressions
in the wheelpaths) where the combina-
tion of slow heavy trucks or buses and hot
temperatures make this a concern. Some
full-scale testing of a typical asphalt pave-
ment showed that it took 65 times more
passes of a truck wheel to rut the pave-
ment when the temperature just below the
surface was reduced from 120°F (49°C)

to 106°F (41°C).47 In general, reducing

the surface temperatures of asphalt pave-
ments will also slow the rate of “aging”
that contributes to other distresses. For
concrete pavement, reducing daytime sur-
face temperatures in locations that experi-
ence very hot temperatures in the day and
cool temperatures at night will reduce the
temperature-related stresses that contrib-
ute to cracking.48

Figure 9: Slag Cement Airport Expansion

-Slag Cement Association

Wil . v
The Detroit Metro Airport used 720,000 square
feet (67,000 m2) of slag cement in an airport
terminal expansion project. In this region, the local
aggregate is susceptible to alkali-silica reaction,
whereas slag resists that form of corrosion

better than plain cement and is easier to place

in hot weather. This approach increased the life
expectancy of the paved surfaces, as well as
allowed for the use of a high-albedo product.*®

Quality of Life Benefits

Cool pavements may provide additional
benefits, such as:

* Nighttime illumination. Reflective
pavements can enhance visibility at
night, potentially reducing lighting
requirements and saving money and
energy. European road designers often
take pavement color into account when
planning lighting.50

* Comfort improvements. Using reflec-
tive or permeable pavements where
people congregate or children play
can provide localized comfort benefits
through lower surface and near-surface
air temperatures.>!

¢ Safety. Permeable roadway pavements
can enhance safety because better wa-
ter drainage reduces water spray from
moving vehicles, increases traction, and
may improve visibility by draining wa-
ter that increases glare.5>2
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3.2 Costs porous asphalt costs approximately 10 to

15 percent more than regular asphalt, and
porous concrete is about 25 percent more
expensive than conventional concrete.>3

Cool pavement costs will depend on many
factors including the following:

* The region These comparisons pertain to the surface
. layer only.

* Local climate t4 4

* Contractor Table 3 (below) summarizes a range of

* Time of year costs for conventional and cool pave-

ments, based on available sources. The
data should be read with caution, as many
project-specific factors—as highlighted

* Project size above—will influence costs. These costs

* Accessibility of the site
*  Underlying soils

+  Expected traffic are estimates for initial construction or
performing maintenance, and do not
reflect life-cycle costs. Decision-makers
generally contact local paving associations
and contractors to obtain more detailed,
location-specific information on the costs
and viability of cool pavements in their

* The desired life of the pavement.

Most cost information is project specific,
and few resources exist that provide
general cost information. For permeable
pavement, however, the Federal Highway
Administration (FHWA) has noted that particular area.

Table 3: Comparative Costs of Various Pavements>4

Approximate
Installed Cost, Estimated Service

Basic Pavement Types Example Cool Approaches $/square foot* Life, Years

New Construction

Asphalt (conventional) Hot mix asphalt with light aggregate, | $0.10-$1.50 7-20
if locally available

Concrete (conventional) Portland cement, plain-jointed $0.30-$4.50 15-35

Nonvegetated permeable pave- | Porous asphalt $2.00-$2.50 7-10

ment Pervious concrete $5.00-%6.25 15-20
Paving blocks $5.00-$10.00 >20

Vegetated permeable pave- Grass/gravel pavers $1.50-$5.75 >10

ment

Maintenance

Surface applications Chip seals with light aggregate, if $0.10-$0.15 2-8
locally available
Microsurfacing $0.35-50.65 7-10
Ultra-thin whitetopping $1.50-$6.50 10-15

* Some technologies, such as permeable options, may reduce the need for other infrastructure, such as stormwater
drains, thus lowering a project’s overall expenses. Those savings, however, are not reflected in this table. (1 square foot
=0.09 m?)
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3.3 Life-Cycle Cost and Environmental
Impact Considerations

The term “life cycle” refers to all the
phases of a pavement’s life, from materials
production through construction,
maintenance, and use, and finishing with
the end-of-life phase where the pavement
is rehabilitated, recycled, or removed.
Two types of calculations are typically
performed for a pavement’s life cycle: cost
and environmental impact.

Life-cycle cost analysis (LCCA) can help
in evaluating whether long-term benefits
can outweigh higher up-front costs. Many
agencies use LCCA to evaluate pavement
structure options. The Federal Highway
Administration has software for LCCA
called Real Cost.55,56,57

Although permeable pavement costs may
be higher than conventional, impermeable
technologies, these costs are often offset
by savings from reduced requirements for
grading, treatment ponds, or other drainage
features, such as inlets and stormwater
pipes.>8 For a community, the cumulative
reductions in stormwater flows from sites
can provide significant savings in the
municipal infrastructure. If the community
has combined sewers, there could also be
environmental, social, and cost benefits
from reducing combined sewer overflows,
as well as potentially avoiding part of the
increased infrastructure costs associated
with combined sewer operation.

Life-cycle assessment (LCA) considers the
environmental impacts throughout the
life of the pavement. The International
Standard Organization has published a
generic LCA guideline for all industrial
products (the ISO 14040 series of
documents).>® The National Institute of
Standards and Technology has developed

Building for Environmental and Economic
Sustainability (BEES), a software tool that
uses the ISO 14040 series of standards

to estimate life-cycle environmental
impacts from the production and use of
asphalt, Portland cement, fly ash cement,
and other paving materials in a building
environment. The BEES software also has
an LCCA module.% Although not directly
related to urban heat island mitigation,
this tool can help quantify some of the
environmental and cost impacts from a
variety of pavement choices.

LCA for road pavements is a nascent

field. A workshop was held in May 2010
regarding implementation of ISO 14040
for roads and issues that remain to be
resolved.®! LCA has not been used to date
to compare the environmental impacts of
permeable or reflective versus conventional
pavement. In general, until more data on
cool pavement environmental impacts and
costs exist, communities may need to think
broadly to determine if a cool pavement
application is appropriate. Sustainability
initiatives, in some areas, are motivating
communities to try cooler alternatives, as
discussed in Section 4.
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4, Cool Pavement Initiatives

The growing interest in lowering urban
temperatures and designing more sustain-
able communities has helped spur activ-
ity in the cool pavement arena. Most of
the effort has focused on research, due to
information gaps and the lack of specific
data quantifying cool pavement benefits.
More information on resources and exam-
ples are provided at the end of this sec-
tion and in Section 5. Highlights of some
cool pavement efforts are below:

* Arizona State University’s National
Center of Excellence (NCE) SMART
Innovations for Urban Climate and
Energy.%2 This group is studying es-
tablished and emerging designs that
optimize albedo, emissivity, thermal
conductivity, heat storage capacity, and
density in laboratory and field sites.
NCE is developing models, particularly
for the Phoenix area but also beyond,
to help decision-makers predict the
effects of material properties, shading,
and energy use on urban temperatures.

* The National Academies of Science’s
Transportation Research Board
(TRB) Subcommittee on Paving Ma-
terials and the Urban Climate. TRB
established this Subcommittee in Janu-
ary 2008 to help advance the science of
using pavements for heat island mitiga-
tion and addressing other urban climate
concerns.

* Trade association efforts. Represen-
tatives from the asphalt and concrete
trade associations are participating in
cool pavement efforts, such as the TRB
Subcommittee on Paving Materials and
the Urban Climate, as well supporting

research and training related to cool
pavement. For example, the National
Asphalt Pavement Association has been
investigating high-albedo asphalt pave-
ments, the National Ready Mixed Con-
crete Association is leading seminars on
pervious concrete, and the Interlocking
Concrete Pavement Institute (ICPI) is
providing professional seminars on per-
meable pavements in cooperation with
the Low Impact Development Center
and North Carolina State University.63

These research efforts are expanding op-
portunities for identifying, applying, and
studying cool pavement technologies.

Sustainability or green building initiatives
are helping to encourage cool pavement
installations.

* Evanston, Illinois, includes permeable
pavements in its assessment of green
buildings.04

* Chicago’s Green Alley program aims
to use green construction techniques to
repave over 1,900 miles of alleys, and
offers a handbook for installing per-
meable pavements for heat reduction,

stormwater management, and other
benefits.%5

* Environmental rating programs such
as Leadership in Energy and Environ-
mental Design (LEED), Green Globes,
and EarthCraft award points to designs
that incorporate certain permeable
pavements or pavements of a certain
solar reflectance index. They also give
points for using local and recycled ma-
terials, such as slag, and reducing the
pavement used on a site.
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Table 4 on page 29 summarizes other cool
pavement initiatives. Refer to the “Heat
Island Reduction Activities” chapter of this
compendium for further examples.

Although cool pavements are still in their
infancy compared with the other heat
island mitigation strategies—trees and
vegetation, green roofs, and cool roofs—
interest and momentum are growing.
Research efforts these past few years have
greatly increased, particularly in the area
of permeable pavements. As local and
state transportation and environmental
agencies work together to address energy,
sustainability, heat-health, and other
concerns, communities can expect to

see more cool pavement installations.
Activity in the private sector has also been
encouraging, as architects, developers,
and others are taking leadership roles in
advancing sustainable technologies. This
chapter, which currently provides a starting
point for communities and decision-
makers, will evolve as more information
becomes available.

Growing Concern about
Synthetic Turf

Many communities have begun to
examine the health impacts from
synthetic turf surfaces, which include
the effects from high temperatures.
One researcher in New York found
that artificial sports fields could be
up to 60°F (16°C) hotter than grass,
potentially causing skin injuries to
athletes as well as contributing to the
heat island effect. These data, though
not directly related to pavements, can
help advance our understanding of
how different materials interact with
the urban climate.0

Figure 11: Grass Paving

David Hitchcock, HARC

This 300,000-square-foot (28,000 m2) parking lot
outside a stadium in Houston uses plastic grid
pavers that allow grass to grow in the open spaces.
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Alternative Paving under the Cool Houston Plan

While most communities have no, or limited, cool pavement experience, Houston’s
heat island initiative recommends alternative pavements as part of the city’s overall
approach to improving air quality and public health. The plan’s three-tiered strategy
includes:

* Targeting alternative paving options for specific types of paved surfaces, such as
highways or parking lots, or expanding residential or commercial roadways. This
requires coordination with the Texas Department of Transportation and the Texas
Commission on Environmental Quality.

* Educating local and state decision-makers about public health, environmental
management, and public works maintenance benefits of alternative pavements.

¢ Combining and embedding alternative paving incentives into larger programs
and regulations, such as meeting Clean Air or Clean Water Act standards, with the
support of the Greater Houston Builders Association and the Texas Aggregates
and Concrete Association.

Table 4: Examples of Cool Pavement Initiatives

Type of

Initiative Description Links to Examples

Research Industry <www.nrmca.org/>—Since 1928, the National Ready Mixed Concrete Association’s
research laboratory has helped evaluate materials and set technical standards. Recent
projects include developing permeability tests and assessing concrete with high fly-
ash content.

National <http://eetd.lbl.gov/Heatlsland/Pavements/>—The Heat Island Group at Lawrence
laboratory Berkeley National Laboratory (LBNL) provides research and information about cool
paving and other heat island mitigation measures. The Cool Pavements section
describes the benefits of this technology, and published reports are included under
Recent Publications.

University- <www.asusmart.com/pavements.php>—Arizona State University’s National Center
supported of Excellence collaborates with industry and government to research and develop
and similar technologies to reduce urban heat islands, especially in desert climates.

consortia

<www.harc.edu/Projects/CoolHouston/>—The Houston Advanced Research Center
(HARC) brings together universities, local governments, and other groups interested in
improving air quality and reducing heat islands. It has examined how cool paving could
be implemented in the Houston area to reduce urban heat island effects.

<http://ncsu.edu/picp/index.html> and <www.bae.ncsu.edu/
info/permeable_pavement/index.html>—North Carolina State University has an
active permeable pavement research program, as well as a specialized collaborative
effort with ICPI and the Low Impact Development Center on permeable interlocking

concrete pavements.
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Table 4: Examples of Cool Pavement Initiatives (cont.)

Type of

Initiative Description Links to Examples

Voluntary | Demonstration | <www.cityofpoulsbo.com/CityCouncil/PDFsDOCs/Works/2007/4-25minutes.pdf>—
efforts programs Poulsbo, Washington, used a $263,000 grant from the Washington Department of
Ecology to pave 2,000 feet of sidewalk with pervious pavement, making it one of the
largest pervious surface projects in the state.

<www.heifer.org/site/c.edJRKQNIiFiG/b.1484715/>—The nonprofit Heifer Interna-
tional used pervious pavement and other sustainable techniques for its new head-
quarters in Arkansas.

Outreach & < www.epa.gov/heatisland/>—EPA’s Heat Island Reduction Initiative provides infor-
education mation on the temperature, energy, and air quality impacts from cool pavements and
other heat island mitigation strategies.

<http://cfpub.epa.gov/npdes/home.cfim?program_id=298>—EPA’s Office of Water
highlights design options, including permeable pavements that reduce stormwater
runoff and water pollution.

<www.greenhighways.org/>—The Green Highways Partnership, supported by a number
of groups including EPA and the U.S. Department of Transportation is a public-private
partnership dedicated to transforming the relationship between the environment and
transportation infrastructure. The partnership’s Web site includes a number of cool pave-
ment resources, especially with respect to permeable pavements.

<http://nemo.uconn.edu/index.htm>—The University of Connecticut runs Nonpoint
Education for Municipal Officials (NEMO), which helps educate local governments
about land use and environmental quality.

Tools <www.bfrl.nist.gov/oae/software/bees/>—The National Institute of Standards and
Technology (NIST) has developed a software tool, Building for Environmental and
Economic Stability (BEES). The tool enables communities to conduct life cycle cost
assessments for various types of building initiatives, including pavement projects.

Policy Municipal <http://files.harc.edu/Projects/CoolHouston/CoolHoustonPlan.pdf>—The Cool Hous-
efforts regulations that | ton! Plan promotes cool paving as well as other techniques to reduce the region’s
support cool heat island.
pavements

<www.toronto.ca/planning/urbdesign/greening_parking_lots.htm>—
Toronto'’s “Design Guidelines for ‘Greening’ Surface Parking Lots” encourage reflective
and permeable pavements to reduce surface temperatures.
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5. Resources

The organizations below may provide additional information on alternative, or cool,

pavement technologies.

Program/Organization |

The Federal Highway
Administration’s (FHWA)
Office of Pavement
Technology

Role

The Office of Pavement Technology conducts research
and training related to asphalt and concrete pavements.

Web Address

<www.fhwa.dot.gov/
pavement/hg/welcome.
cfm>

FHWA's Office of Planning,
Environment, and Realty

This office’s Web site provides information regarding
transportation planning and the environment.

<www.fhwa.dot.gov/hep/
index.htm>

American Association

of State Highway and
Transportation Officials
Center for Environmental
Excellence (AASHTO)

AASHTO created the Center for Environmental Excellence
in cooperation with the Federal Highway Administration
to offer technical assistance about environmental
regulations and ways to meet them.

<http://environment.
transportation.org/>

Association of Metropolitan
Planning Organizations
(AMPO)

AMPO supports local MPOs through training,
conferences, and assistance with policy development.

<www.ampo.org/>

The American Concrete
Pavement Association (ACPA)

ACPA promotes concrete pavement by working with
industry and government.

<www.pavement.com>

The Asphalt Pavement
Alliance (APA)

A consortium of the National Asphalt Paving Association
(NAPA), the Asphalt Institute (Al), and state paving
associations, APA promotes hot mix asphalt through
research, development, and outreach. Individual state
asphalt associations are a good source for local paving
considerations.

<www.asphaltalliance.
com>

Interlocking Concrete
Pavement Institute (ICPI)

ICPI has a document that compares permeable pavement
technologies and helps readers find certified installers.

<www.icpi.org>

National Center for Asphalt
Technology (NCAT)

NCAT provides up-to-date strategies for designing and
constructing asphalt pavements.

<www.ncat.us>

National Ready Mixed
Concrete Association

Since 1928, the National Ready Mixed Concrete
Association’s research laboratory has helped evaluate
materials and set technical standards. Recent projects
include developing permeability tests and assessing
concrete with high fly-ash content.

<www.nrmca.org>

Portland Cement Association
(PCA)

PCA represents cement companies in the United States
and Canada and conducts research, development, and
outreach.

<www.cement.org>
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Heat Island Reduction Activities

cross the United States, a diverse group of stakeholders, from government agen-

cies to corporations, have advanced urban heat island reduction strategies—urban

forestry, green and cool roofs, and cool pavements—to lower summertime tempera-
tures and achieve many energy and environmental benefits. Typically heat island mitiga-
tion is part of an energy, air quality, water, or sustainability effort,! and activities range
from voluntary initiatives, such as cool pavement demonstration projects, to policy actions,
such as requiring cool roofs via building codes. Some communities have elected to imple-
ment both voluntary and policy initiatives. These efforts can complement each other, and
sometimes an initiative that begins as a voluntary activity becomes required over time.

This chapter draws from the experience of many different groups and covers a range of
initiatives to highlight a variety of urban heat island reduction activities around the coun-
try. Examples for the following types of activities are included:

* Demonstration projects

* Incentive programs

e Urban forestry programs

* Weatherization

*  Outreach and education

*  Awards

* Procurement

* Resolutions

* Tree and landscape ordinances
* Comprehensive plans and design guidelines
* Zoning codes

* Green building standards

* Building codes

* Air quality standards.
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Heat Island Mitigation
Strategies

For more information on heat island
reduction strategies, see the corre-
sponding chapters of this compendium:
“Trees and Vegetation,” “Green Roofs,”
“Cool Roofs,” and “Cool Pavements.”

1. Voluntary Efforts

Most community strategies to reduce heat
islands have relied on voluntary efforts,
which can generally be grouped into the
following categories:

* Demonstration projects
¢ Incentive programs

*  Urban forestry programs
*  Weatherization

* Outreach and education

e Awards.

Many groups choose to conduct just

one kind of activity; others combine ap-
proaches. For example, some utilities have
focused on cool roof rebates to encourage
consumers to install reflective roofing prod-
ucts. Some local environment departments
have sponsored demonstration projects,
conducted outreach and education efforts
to publicize results, and have provided
grants to support use of mitigation tech-
nologies by residents and industry.

1.1 Demonstration Projects

Local governments, universities, and other
organizations have used projects to demon-
strate a specific heat island mitigation strat-
egy and quantify its benefits in a controlled
environment. Documenting the project

and its results can provide the data and

publicity needed to develop larger initia-
tives, promote new technologies and help
get them to market, and sometimes even
encourage local economic development.
(See the “Stimulating Local Economies and
Businesses” textbox.)

Communities have found heat island dem-
onstration projects to be most effective
when they:

* Target high-visibility projects. Focus-
ing efforts on a prominent building or
site helps attract attention to heat island
mitigation efforts.

* Measure benefits. Highlighting antici-
pated benefits and collecting data on
actual impacts provides useful informa-
tion for planning future activities. These
benefits also illustrate to others the
reasons and means to act.

* Convey lessons learned. Documenting
how demonstration projects are con-
ducted makes them easier to replicate
and improve.

- ]
Lead By Example

“Lead by example” programs involve
implementing strategies within lo-
cal and state government facilities,
operations, and fleets, where appro-
priate. These programs offer energy,
environmental, and financial benefits
while creating an important opportu-
nity for governments to demonstrate
the economic feasibility of the strate-
gies they are promoting. This lead-
ership can raise public awareness

of the benefits of urban heat island
reduction strategies, which can lead
to increased public and private sector
support for advancing them.
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A variety of organizations can be the chief
agents of change and the first to test alter-
native technologies, often in highly visible,
public facilities. Demonstration projects
have taken place in parks, schools, and mu-
nicipal buildings like city hall. These proj-
ects often also monitor costs and benefits,
such as energy savings. Examples include:

* Chicago installed a green roof on its
city hall that includes 20,000 plants,
shrubs, grasses, vines, and trees. The
city expects to save directly more than
9,270 kilowatt-hours (kWh) per year of
electricity and nearly 740 million British
thermal units (Btu) per year of natural
gas for heating. This energy savings
translates into about $3,600 annually,
and savings will increase with higher
energy prices. In addition to assess-
ing energy impacts, the green roof has
been designed to test different types of
rooftop garden systems, success rates
of native and non-native vegetation,
and reductions in stormwater runoff.
This city hall green roof has helped to
raise the visibility of green roofs and to
increase public understanding of them.
Chicago’s Department of Environment
staff has frequently given presentations
about the roof, which has won numer-
ous awards. For further information, go
to <http://egov.city ofchicago.org> and
look under the Department of Environ-
ment’s City Hall green roof project.

* A demonstration project for Tucson
documented how a cool roof re-
duced temperatures inside and on
the roof of the building and saved
more than 400 million Btu annually
in energy. A white elastomeric coating
was installed over a 28,000-square foot
(2,600 m2), unshaded metal roof on
one of the city’s administration build-
ings. Following the installation, energy
savings were calculated at 50 to 65

Figure 1: Chicago City Hall Green Roof

Katrin Barth—SchoIz/Départment of Energy

Chicago’s commitment to green roofs includes
demonstration projects, such as on its City Hall,
education, incentives, and policy actions.

Stimulating Local
Economies and Businesses

The non-profit group Sustainable
South Bronx has developed several
goals for the green roof/cool roof
demonstration project on top of its
office building in Hunts Point. These
goals include gathering research on
local benefits, establishing a resource
for the community, educating New
Yorkers on the value of green roofs,
and advocating sustainable building
practices. The demonstration project
has become a springboard for de-
veloping a local green and cool roof
installation company to provide em-
ployment opportunities in the South
Bronx area. The group’s business is
called SmartRoofs and includes a job-
training program for local residents.
See <www.ssbx.org/greenroofs.
html#> for more information.
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percent of the building’s cooling ener-
gy—an avoided energy cost of nearly

$4,000 annually. See <www.swenergy.
org/casestudies/arizona/tucson_topsc.
htm> for more information.

1.2 Incentives

Incentives have proven to be an effective
way to spur individual heat island reduc-
tion actions. Incentives from governments,
utilities, and other organizations can in-
clude below-market loans, tax breaks,
product rebates, grants, and giveaways. For
example:

* Since 2006, Baltimore County’s Grow-
ing Home Campaign has provided
$10 coupons to homeowners toward
the purchase of most trees at local
nurseries. Each coupon represents $5 of
public funds and $5 of retail funds. In
order to validate their coupons, hom-
eowners provide information including
tree type and location planted, which
allows the county to integrate the data
with future tree canopy studies. The
county began the program as an in-
novative way to increase tree canopy
cover as part of its larger “Green Re-
naissance” forest conservation and sus-
tainability plan. In the first two months
of the program, 1,700 trees were plant-
ed. See <http://fpum.org/pdf/MD%20
managing_forest_resources.pdf> and
<www.baltimorecountymd.gov/Agen-
cies/environment/growinghome/index.
html> for further information.

* Since 1990, the Sacramento Mu-
nicipal Utility District (SMUD) has
partnered with the Sacramento Tree
Foundation to provide more than
350,000 free shade trees to residents
in the Sacramento area. This program
encourages residents to strategically
plant vegetation around their homes
to reduce energy consumption. Homes

with an eastern, western, or south-

ern exposure that heats up during the
summer are eligible for this program.
SMUD provides trees between four

and seven feet tall (1.2-2.2 m), as well
as stakes, ties, fertilizer, tree delivery,
and expert advice on tree selection

and planting techniques free of charge.
Homeowners must agree to plant and
care for the trees. See <www.smud.org/
residential/trees/index.html> for more
information. SMUD also offers rebates
to residential customers who use cool
roofing technologies. The utility offers a
20-cent-per-square-foot (0.09 m?2) rebate
to customers who own single-family,
multi-family, or mobile homes with flat
roofs and who install ENERGY STAR®
cool roof products.

After the success of its green roof dem-
onstration project, Chicago established
green and cool roof grant programs.
The green roof program cites the ability
of green roofs to “create energy savings
for building,” “lower surrounding urban
heat temperatures,” and “reduce storm
water runoff, improve water quality, and
create conditions for longer-lasting roof
systems.” Similarly, the city recognizes
cool roofs “not only help reduce cooling
costs, but can also have a positive envi-
ronmental impact by reducing the urban
heat island effect.” In 2005, its first year,
the program supported 20 green roof
installation projects; in 2000, it helped
fund 40. In the fall of 2007, the city an-
nounced that it was expanding the pro-
gram to include cool roofs and expected
to provide about 55 $6,000 grants.
Recipients can use grants for residential,
commercial, or industrial buildings. See
<http://egov.cityofchicago.org/>, under
the Department of Environment portion
of the website, for more information.
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* The Pennsylvania Department of
Environmental Protection’s Energy
Harvest Program has been providing
grants for specific energy saving proj-
ects since 2003. In 2007, it dispensed
more than $500,000 to green roof
projects across the state. The Energy
Harvest Program overall aims to deploy
innovative technologies and encourages
“proposals that are market-driven, create
jobs, and produce economic develop-
ment within the Commonwealth.” See
Energy Harvest Program information
available at: <www.depweb.state.pa.us/
energy/site/default.asp>.

e In addition to green roofs, building
owners can also install vertical gar-
dens—sometimes referred to as green
or living walls—on exterior walls to
shade buildings and provide evapo-
transpiration.2 The Houston Down-
town Management District (HDMD)
Vertical Gardens Matching Grant
initiative first gave grants in 2007
to encourage plantings that cover
walls. The grants also support excep-
tional landscaping that adds significant
evapotranspiration and shade for blank
walls, parking garages, and sidewalks.
The program goals include improving
overall aesthetics, pedestrian comfort,
air quality, and reducing the heat island
effect. Grants cannot exceed half of the
total project cost or $20,000, and contri-
butions can be in kind. Tenants, prop-
erty owners, and registered non-profits
can all apply. See <www.houston-
downtown.com/Home/Business/Do-
ingBusiness/ DevelopmentAssistance/
Development%20Assistance.PDF>.

* Since 2002, Austin Energy has given
10-cent-per-square-foot rebates for
cool roof installations. Customers
must use cool roof products that have
a minimum reflectivity of 75 percent,
and the project must pass a cost-benefit

analysis. The utility has been promoting
cool roof products as a cost-effective
and low-risk approach to reducing
cooling loads and peak demand. As of
2005, Austin Energy had awarded more
than $164,000 as rebates, represent-
ing more than 1.5 million square feet
(140,000 m2) of roof area and saving
an estimated 1.25 million kWh of en-
ergy. See <www.austinenergy.com/En-
ergy%20Efficiency/Programs/Rebates/
index.htm> for more information.

Energy Incentives

The Database of State Incentives for
Renewables and Efficiency (DSIRE)
provides current information on
state, local, utility, and select federal
incentives that promote renewable
energy and energy efficiency. Some
of the incentives listed, particularly
those that involve energy efficiency
and green building practices, include
heat island reduction strategies. See
<www.dsireusa.org>.

1.3 Urban Forestry Programs

Urban forestry or tree planting programs
exist in most large cities and counties in
the United States. These programs gener-
ally have broad goals that emphasize the
multiple benefits trees can provide, includ-
ing helping to cool cities. Most of these
programs unite diverse stakeholders, and
their efforts range from short-term, one-
time projects to long-term community
revitalization. Moreover, many states give
grants to communities and organizations
that promote or maintain urban forests. For
example, Wisconsin will disburse $530,000
in roughly 40 grants in 2008 as part of a
program it has operated since 1993; South
Dakota has run a similar program since
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1991.3:4 As of early 2008, the Washington
State legislature was working on several
bills that would support and expand local
urban forestry efforts in recognition of how
urban trees and vegetation improve air
quality, reduce temperatures, enhance qual-
ity of life, and reduce and filter stormwater

governments, foundations, trade asso-
ciations, and private industry to restore
tree cover in the southeastern part of
the state. TreeVitalize aims to plant
more than 20,000 trees in approximate-
ly 40 neighborhoods in Bucks, Chester,
Delaware, Montgomery, and Philadel-

runoff.> phia counties. The $8 million program
targets neighborhoods in older cities,
boroughs, and townships in which tree
cover is below 25 percent. See <www.

treevitalize.net/> for more information.

Frequently, urban afforestation focuses on
low-income communities, where tree cover
is sparse. For example:

* Groundwork Elizabeth, a nonprofit
group in Elizabeth, New Jersey, works
to involve neighborhood residents
in community revitalization projects,

* The Pennsylvania Department of
Conservation and Natural Resources
oversees a project called TreeVitalize,
which brings together county and local

Tree Maintenance and Education

Many urban forestry programs explain that it is easy to plant trees but difficult to
maintain them, particularly until they become well established. In order to ensure
most trees survive, programs have enlisted and empowered volunteers to care for
trees until they are established. Community participation is important because most
urban trees are not under public jurisdiction.

Often tree planting programs train participants in proper tree planting techniques
and care. In Pennsylvania, TreeVitalize provides nine hours of classroom and field
training to community residents who want to become urban forestry leaders. The
classes cover tree identification, planting, pruning, mulching, tree biology/physiol-
ogy, proper species selection, community tree care, and proper pruning. Residents
also can learn how to organize community-assisted tree planting projects. Graduates
are eligible to participate in advanced training and other events.

Other programs require community members to pledge to maintain and protect the
trees that are planted. For example, Los Angeles residents interested in free trees
from the Trees for a Green LA program first participate in an online or neighborhood
workshop. Then, they complete a site plan and apply for their free trees. Residents
pledge on their applications to plant and care for the trees in a proper manner and
allow the city to inspect their work for overall program evaluation and quality assur-
ance. See <www.ladwp.com/ladwp/cms/ladwp000744.jsp>.

Please see the “Trees and Vegetation” chapter of this compendium for more informa-
tion about urban forestry benefits and implementation considerations.
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including tree planting at local schools
and parks. The organization was instru-
mental in getting Elizabeth involved in
New Jersey’s Cool Cities Initiative, which
aims to plant trees primarily in the large
cities of New Jersey with low tree cover-
age. See <www.groundworkelizabeth.
com> for more information.

1.4 Weatherization

Communities have used weatherization
programs as an opportunity to mitigate
heat islands, protect public health, and save
energy. Weatherization usually involves
making the homes of qualifying residents,
generally low-income families, more en-
ergy efficient at no cost to the residents.
States use weatherization funds provided
by the U.S. Department of Energy (DOE)
Weatherization Assistance Program to help
recipients cover heating bills and invest in
energy efficiency actions that lower costs.
States can also use the funds to install cool-
ing efficiency measures, such as screening
and shading devices.

The Energy Coordinating Agency (ECA)
of Philadelphia, which administers the
city’s weatherization services, has applied
cool roof coatings as part of its package
of energy efficiency treatments. Through
its Cool Homes Program, more than 550
residences in the Philadelphia area have
had their roofs coated. ECA commissioned
a study that found the cool coatings and
increased insulation eliminated 90 percent
of the heat gain through the ceiling, reduc-
ing top-floor ceiling temperatures by an
average of 4.7°F (2.6°C) and chest-height
temperatures by 2.4°F (1.3°C). These re-
duced temperatures lowered air condition-
ing loads by about one-third in a typical
rowhouse.® See <www.ecasavesenergy.org/
ses/whiteroof/roof-coolhomes.html> for
more information.

Heat Health—An
Opportunity to Advance
Heat Island Mitigation
Strategies

Several large cities have developed
programs to minimize health impacts
from excessive heat events. These
efforts provide an opportunity to
educate communities about urban
heat islands and promote heat is-
land reduction strategies, particularly
shade tree planting and cool roof
applications, as a long-term miti-
gation or adaptation strategy. For
example, Philadelphia has long been
concerned with reducing heat-related
mortality. The city was the first in
the United States to implement a
Heat Health Watch-Warning System,
which has become a worldwide
model for heat wave forecasting.

When the Philadelphia Public Health
Department educates citizens about
excessive heat events and immedi-
ate counter-measures, such as using
telephone heat hotlines and taking
advantage of public air-conditioned
buildings, or “cooling centers,” it also
provides them information about
longer-term heat island reduction
strategies.

EPA’s Excessive Heatl Events Guidebook
explains how local public health of-
ficials and others can assess their vul-
nerability and develop and implement
notification and response programs.
See <www.epa.gov/heatisland/about/

heatguidebook.html>.
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1.5 Outreach and Education Programs

Almost all communities have found that
heat island reduction efforts involve some
element of outreach and education. For
example, TreeUtah has launched a com-
prehensive initiative, the MetroGreening
Program, that uses advertising, outreach,
and educational workshops to help pro-
mote proper planting and maintenance of
trees to reduce heating and cooling costs,
diminish the heat island effect, and achieve
other benefits in Utah’s most densely-
populated regions. See <www.treeutah.org/
statewide.htm> for more information.

Further, the Utah State Energy Program,
Utah Department of Natural Resources, and
the National Energy Foundation worked
together to create the Utah Kool Kids pro-
gram to teach elementary and secondary
age students about urban heat islands,
their impacts on energy and air qual-

ity, and heat island reduction strategies.
The program gives teachers lesson plans,
overheads, test questions, experiments,

and research tools to engage students. See
<http://www.nefl.org/ea/kool.html> for
more information.

Some outreach and education programs
focus specifically on reaching students. The
Cool Schools program in Los Angeles
teaches students to become environ-
mental stewards through hands-on and
classroom experience. Through the proj-
ect, students have helped plant hundreds
of trees around Los Angeles schools. Cool
Schools creates an opportunity to teach
lessons on biology, botany, horticulture,
and related topics. See <www.ladwp.com/
ladwp/cms/ladwp001087.jsp>.

1.6 Awards

Governments, community groups, and
corporations have rewarded exemplary
work as a way to highlight innovation and
promote solutions to mitigate heat islands
across the public and private sectors. Ex-
amples of award programs include:

* Home Depot Foundation’s Awards
of Excellence for Community Trees.
Since 2005, this foundation has rec-
ognized public/private collaborations
for their leadership and development
of successful tree planting initiatives.
Winning projects in large and small city
categories receive $75,000 and runners-
up receive $25,000. Though the city and
nonprofit winners are both recognized,
the award money is given to the non-
profit for continued tree planting work.

* Green Roofs for Healthy Cities’
Green Roofs Awards of Excellence.
Since 2003, this nonprofit has recog-
nized a variety of green roof projects
for integrated design and implementa-
tion. The program rewards extensive
and intensive green roof projects, as
well as research teams and citizens who
have advanced the implementation of
green roofs though public policy.

e ENERGY STAR Awards. Since 1993,
EPA has hosted the ENERGY STAR
Awards to recognize outstanding par-
ticipants in the ENERGY STAR Program.
National Coatings Corporation, a manu-
facturer of cool roof materials, was rec-
ognized in 2000. The San Diego Unified
School District (SDUSD) won an award
in 2007 because more than 140 of its
200 buildings met ENERGY STAR crite-
ria. Some of those buildings included
cool roofs combined with photovoltaic
cells that could produce more than 3.5
MW of electricity.”
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Figure 2: Cool Roofs with Solar Panels
in San Diego

The San Diego Unified School District won an
ENERGY STAR award in 2007 because almost 70
percent of its buildings, including this elementary

school with a cool roof and solar panels, met
ENERGY STAR specifications.

* EPA’s Regional Office in New Eng-
land’s Environmental Merit Award
Program. For more than 30 years, EPA
Region 1 has honored teachers, citizen
activists, business leaders, scientists,
public officials, and others who have
made outstanding contributions to pub-
lic health and the natural environment.
Awards are given across environmental
disciplines and have highlighted heat
island reduction strategies, such as cool
roofs. In 2005, Sarnafil Roofing Sys-
tems, Inc., received a Merit Award for
its highly reflective roofing products.8

2. Policy Efforts

Some local and state governments have
included urban heat island mitigation
strategies in policies or regulations, which
range from purchasing guidelines to build-
ing codes. A number of these actions have
helped remove barriers or provide incen-
tives for implementing mitigation strate-
gies. Others have prescribed minimum
requirements, especially for new construc-
tion. Policy efforts can include:

* Procurement
* Resolutions
* Tree and landscape ordinances

* Comprehensive plans and design
guidelines

* Zoning codes

* Green building standards
* Building codes

* Air quality standards.

2.1 Procurement

Many local governments interested in
mitigating heat islands started by procuring
cool technologies for municipal buildings.
Since state and local governments usually
put construction work and material sup-
plies out for bid, they can revise bid speci-
fications to include cool products.

For example, Tucson, Arizona, requires
that air-conditioned city facilities use
cool roofing materials for most new con-
struction and roof replacements. The city
revised its general bid criteria to ensure
that materials used are equivalent to those
on the ENERGY STAR Roofing Products list.
When a local government requires contrac-
tors to use cool products in this manner, it
becomes easier to encourage additional use
of these products on private projects.

After successfully demonstrating the use
of permeable pavements, Chicago began
a Green Alley initiative that encourages
use of porous paving whenever an alley
needs to be re-paved. Forty-six alleys were
renovated under this initiative in 2007, and
ultimately, almost 2,000 miles of alleyways
will be made permeable. The “Chicago
Green Alley Handbook” can be found
through the website < http://egov.cityofchi-
cago.org/> under the City Department of
Transportation programs.
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Figure 3: Permeable Pavementin
Chicago Alley

City of Chicégo

2.2 Resolutions

A resolution is a document stating a
group’s awareness of and interest in an ef-
fort, such as a heat island mitigation proj-
ect. Generally, a city or county council, or
organizations such as air quality boards or
planning commissions, issue resolutions.

A resolution does not necessarily indicate
that a program will be supported financial-
ly, but it can be the first step in getting an
initiative started.

In May 2001, the Austin City Council ad-
opted a heat island mitigation resolution
that committed the city manager to review
recommendations for a variety of activi-
ties to diminish heat islands. In September
of that year, the city council awarded $1
million toward implementing the recom-
mendations, which ranged from developing
a cool roof strategy to increasing enforce-
ment of the city’s tree-saving ordinance.
See <www.ci.austin.tx.us/trees/res_985.
htm> for more information.

In October 2006, Annapolis, Maryland,
adopted a comprehensive energy ef-
ficiency resolution that included gen-
eral goals and specific long-term targets
for adopting a range of energy efficiency
measures. One recommendation was to

Model Resolutions and
Policies

The International Council for Local
Environmental Initiatives (ICLEI),

a nonprofit organization, runs an
Urban Heat Island Initiative program
that provides assistance to local
governments. ICLEI hosts a website
<www.hotcities.org> that provides
policy information, such as sample
language for developing a heat island
resolution and a model policy frame-
work.

ICLEI works with local governments
to coordinate workshops throughout
the United States to help understand
heat island impacts and mitigation
strategies. These workshops can
help communities develop a heat
island mitigation project or program.
See <www.hotcities.org/Workshops/
index.htm> for more information.

increase tree shading so that the city could
sequester carbon dioxide (CO,), reduce the
urban heat island effect, and lower ozone
levels. In 2007, the city adopted a new tree
protection ordinance as one step towards
protecting existing shade trees, discussed
below. See <www.annapolis.gov/upload/
images/government/council/Adopted/
R3806.pdf> for more information.

2.3 Tree and Landscape Ordinances

Many local governments have enacted

tree and landscape ordinances, which can
ensure public safety, protect trees or views,
and provide shade. Three types of ordi-
nances, in particular, are most useful from
a heat island perspective: tree protection,
street trees, and parking lot shade.
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Tree Protection

Tree protection ordinances prohibit the
removal or pruning of trees without a per-
mit. Often, these ordinances apply only to
native trees or trees with historical signifi-
cance. The effectiveness of this type of pro-
vision depends on enforcement and how
strict the requirements are for granting tree
removal permits.

Some ordinances protect not only trees
but also the ground under the crown area
of a tree to prevent root damage. An ordi-
nance in Atlanta, Georgia, for example,
requires that at least 16 square feet (1.5
m?2) of soil around the tree must remain
unpaved and open to the air. Toxic chemi-
cals also must be kept away from the trees.
These ordinances are less common than
those that simply restrict removal.

Another approach, often linked to a local
government’s subdivision or development
code, is protecting tree stands during new
construction. In this case, developers are
required to preserve tree stands during site
design and protect them once construction
commences. The ordinances can require
protection based on the percentage of a
site, or a minimum point value, with larger,
mature trees earning more points.

Annapolis, Maryland, explicitly recog-
nized the environmental value of trees
and acted to protect them during con-
struction. The “Tree Protection Ordinance”
requires a survey of trees on a proposed
development site and fences or other
means to mark and protect designated
trees during construction. The ordinance
also prohibits certain activities, such as
trenching or grading, within the dripline
of trees, unless specific precautions are fol-
lowed. More information on this ordinance
is available under §17.09 City Code at
<http://bpc.iserver.net/codes/annapolis/>.

Figure 4: Fences Protect a Tree During
Construction

. il | . o T
Fences can protect not just a tree’s trunk and
branches, but also its root system during
construction.

San Antonio, Texas, requires different
levels of tree protection based on tree
class or location. The ordinance classifies
significant trees, heritage trees, and trees
within the 100-year floodplain. For exam-
ple, heritage trees (defined, for most spe-
cies, as trees 24 inches [60 cm] or greater in
diameter at breast height [DBH]), must be
preserved. The ordinance, however, gener-
ally counts total tree diameter-inches at a
site, not individual trees, and gives flex-
ibility in preservation: up to 90 percent of
the tree-diameter-inches can be considered
preserved if the developer plants an equal
or greater number of tree-diameter-inches
elsewhere. Developers can also fulfill the
preservation requirement by contributing
to the city’s tree fund. For details, see the
ordinance and its amendments at <http://
epay.sanantonio.gov/dsddocumentcentral/
upload/2003%20Tree%20Preservation%20
Ordinance.pdf> and <http://epay.sananto-
nio.gov/dsddocumentcentral/upload/Re-
vised%20Tree%20Amend%2011-06.pdf>.

Street Trees

Street tree ordinances generally govern
how to plant and remove trees along pub-
lic rights-of-way and land that is privately

HEAT ISLAND REDUCTION ACTIVITIES — DRAFT

11


http://bpc.iserver.net/codes/annapolis/
http://epay.sanantonio.gov/dsddocumentcentral/upload/2003%20Tree%20Preservation%20Ordinance.pdf
http://epay.sanantonio.gov/dsddocumentcentral/upload/Revised%20Tree%20Amend%2011-06.pdf

owned but accessible by the public. At a
minimum, these ordinances designate the
numbers or types of trees that should be
planted. More effective street tree policies
include guidelines on tree selection, instal-
lation, and maintenance to lengthen a street
tree’s life and minimize problems with pave-
ment, electrical wires, and buildings.

For example, Orlando, Florida, specifies
that trees must be planted along both
sides of a street, with one tree every 50 to
100 feet (15-30 m). The selected trees must
eventually be capable of reaching a mini-
mum height of 40 feet (12 m) and a crown
spread of 30 feet (9 m). The ordinance is
available at <www.municode.com/resourc-
es/gateway.asp?sid=9&pid=13349>.

Seattle requires a street use permit be-
fore landscaping in a planting strip in

a public right-of-way. For street trees, the
strip must be at least 5 feet (1.5 m) wide,
unless specific approval from the city’s
arborist is received. Five feet is generally
recommended as the minimum width for
planting most trees. A guide is available to
help property owners select and plant trees
in accordance with the city’s requirements.
See <www.seattle.gov/trasportation/tree-
planting.htm> for further information.

Parking Lot Shade

Some communities require parking lots be
shaded to cool pavement and cars, which
increases comfort, reduces the heat island
effect, and lowers evaporative emissions
from parked cars. For example, since 1983,
an ordinance in Sacramento’s zoning
code has required that enough trees be
planted to shade 50 percent of new, or
significantly altered, parking lots after 15
years of tree growth. A 2001 study found
that the lots were only achieving about 25
percent shading because sometimes shade
was double-counted, trees did not grow to
their expected size under the conditions

Figure 5: Parking Lot Shade Guidelines
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Notes:
1.This diagram is intended to reflect the manner in which
shade is credited under various conditions.

2.Trees may recieve 25%, 50%, 75% or 100% as shown.
3.Shade overlap is not counted twice.

City of Elk Grove, California

Shade diagrams, such as this one from Elk Grove,
California, help determine if planned or actual
vegetation meet the communities guidelines.

of the lot, or trees were not adequately
dispersed.”? Thus, Sacramento modified its
code in 2003 to improve coverage.10

Chicago has a landscape ordinance that
requires planting trees or shrubs on
parkways and landscaping parking lots,
loading docks, and other vehicular use
areas, both within the sites themselves and
to screen their perimeter. The ordinance
applies to most new building construc-
tion, as well as to repairs, remodeling, and
enlargements of a particular size and cost.
The Bureau of Forestry, which maintains
the standards, must inspect and approve all
parkway vegetation prior to planting. The
Chicago Department of Zoning reviews all
building and zoning permit applications to
ensure compliance with the ordinance. See
<http://egov.cityofchicago.org/webportal/
COCWebPortal/COC_EDITORIAL/11_Land-
scaping_and_Screening.pdf>.

In 2007, the city of Baton Rouge strength-
ened its landscape ordinance, which
requires tree planting on all new develop-
ments, excluding single-family residences.
The ordinance requires two shade trees for
every 5,000 square feet (465 m?2) of site, and
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one shade tree per 600 square feet (55 m?)
of street frontage. Parking lot requirements
include one shade tree per 15 parking spaces
for a lot with one to 25 spaces; one shade
tree per 12 parking spaces for a lot with 25
to 100 spaces; and one shade tree per 10
parking spaces for a lot over 100 spaces. For
example, a 10,000-square-foot (465 m?) site
with 600 square feet (55 m?2) of storefront
and 150 parking spaces would require 20
shade trees (i.e., four for the square footage
of the site, one for the store frontage, and 15
for the parking lot). For more information
on Ordinance 12692, see the city’s informa-
tion bulletin at <http://brgov.com/dept/
planning/udc/pdf/Chapter18.pdf>.

2.4 Comprehensive Plans and Design
Guidelines

Comprehensive plans and design guide-
lines are another way that communities
have incorporated opportunities to pro-
mote heat island reduction. Comprehensive
plans, sometimes called general plans in
California and other states, are adopted by
a legislative body of a local government,
and set forth policies, goals, and objectives
to direct development and conservation
that occurs within its planning jurisdiction.
They generally have a broad scope and
long-term vision. Design guidelines provide
a connection between general planning
policies and implementing regulations,
such as zoning codes and subdivision regu-
lations. Design guidelines convey a sense
of the preferred quality for a place by be-
ing descriptive and suggestive.

The “Environmental Planning Element”
in the Gilbert, Arizona, general plan lists
mitigating heat islands as a core goal.
Specific policies under the goal include:

1) developing criteria that will identify
projects that might contribute to the heat
island effect and will require an evalua-
tion of mitigation techniques; 2) seeking
sponsors such as educational institutions,

utility companies, and government entities
to promote heat island awareness among
landowners, developers, engineers, and ar-
chitects; and 3) promoting design concepts
using engineered green space to maximize
shading of surfaces that tend to heat up,
promote education and awareness of cool
roof materials and construction techniques,
and promote alternative pavement technol-
ogies in parking areas. For more informa-
tion see <www.ci.gilbert.az.us/generalplan/
chapter07.cfm>.

Design guidelines can take a holistic ap-
proach to heat island mitigation or spe-
cific mitigation strategies. For example,
Toronto’s Official Plan includes policies
to reduce the urban heat island and
achieve a wide range of environmen-
tal gains. As part of that plan, the city
released draft parking lot guidelines in
November 2007 that call for shade trees,
permeable and reflective pavements, and
other design features to manage stormwa-
ter, reduce energy consumption, and lower
urban temperatures.!1

The town of Highland, Utah, created a mas-
ter plan for a 50-acre (200,000 m2) overlay
zone to be privately developed as a town
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The Portland Bureau of Environmental Services
(BES) has a green roof on its headquarters. The city
allows denser development for projects that use
green roofs, or eco-roofs as the city calls them.
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center. The city design guidelines for the
zone recommended several heat island miti-
gation elements, including reflective roofing,
reflective parking lot surfaces, and landscap-
ing. Those guidelines were then adopted into
the zoning requirements for the town center.

In contrast, Portland, Oregon, has focused
on the use of eco-roofs in the city center
district, primarily for their aesthetic and
stormwater management benefits. Design
guidelines call for integrating vegetated roofs
into central city projects. As discussed in

the next section, Portland has taken specific
steps in its zoning code to achieve this result.

2.5 Zoning Codes

Zoning codes implement the goals and
objectives of a comprehensive plan. These
regulations generally dictate function for an
area, building height and bulk, population
density, and parking requirements. Zoning
codes can also promote heat island mitiga-
tion strategies in various ways. For example,
as noted in Section 2.3, cities such as Sac-
ramento have adopted parking lot shading
requirements as part of their zoning codes.

Communities have also allowed density
bonuses for construction that adopts mitiga-
tion strategies. In 2001, Portland, Oregon,
modified its zoning code to include an
“eco-roof development bonus” for devel-
opers to install rooftop gardens or “eco-
roofs.” In Title 33 of the Zoning Code there
is a floor area ratio bonus for projects that
install eco-roofs in Portland’s central district.
The bonus amount depends on the extent
of the eco-roof coverage. If the eco-roof cov-
ers 60 percent or more of the roof surface,
developers can build an additional 3 square
feet (0.3 m?2) for each square foot of green
roof. If the green roof covers a lower per-
cent of the surface, the bonus is reduced.
See Section 33.510 of the code at <www.
portlandonline.com/shared/cfm/image.
cfm?id=53363> for specific information.

Chicago also has a similar provision,
with the floor area ratio density bonus
based on the amount by which a green
roof exceeds 50 percent of the roof surface.

2.6 Green Building Programs and Standards
Green building initiatives place a high pri-
ority on human and environmental health
and resource conservation over the life
cycle of a building. Many local, state, and
federal governments have adopted green
building programs, or standards, that cap-
ture heat island reduction strategies.

For example, local governments such as
Arlington, Virginia, and San Jose, Cali-
fornia,!2 are basing their municipal green
building requirements on the U.S. Green
Building Council (USGBC) Leadership in
Energy and Environmental Design (LEED)
Rating System™. Green Globes, operated
by the Green Building Initiative (GBD in

the United States, is another rating system
that communities are using. The Canadian
government requires all federal buildings to
meet the Canadian version of Green Globes,
Go Green and Go Green Plus. States like
Arkansas and Maryland recognize both
LEED and Green Globes in their green
building initiatives. Under both rating sys-
tems, buildings can earn credits towards
certification by providing shade vegetation,
installing cool or green roofs, and using
highly reflective and emissive pavements or
permeable paving products, all measures that
reduce the heat island effect.

Specific to homes, programs such as Earth-
Craft House, created by the Greater Atlanta
Home Builders Association and Southface
Energy Institute, award points for resi-
dences that preserve and plant trees, install
ENERGY STAR cool roof products, or use
permeable pavement. In addition, EarthCraft
Houses must meet ENERGY STAR certifica-
tion. Communities from Virginia to Florida
have constructed EarthCraft homes.
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Seattle Green Factor

Seattle has adopted minimum landscape requirements, known as the Seattle Green
Factor, for new developments in commercial areas in the city. This program requires
that, as of late January 2007, certain new developments in neighborhood business
districts must provide for vegetative cover on the equivalent of 30 percent of the ap-
plicable property. The regulations apply to developments with more than four dwell-
ing units, more than 4,000 square feet (370 m2) of commercial uses, or more than

20 new parking spaces. Developers can use a menu of strategies, including planting
new trees, preserving trees, and installing green roofs and green walls to meet this
target. The regulations are part of the city’s Commercial Code and encourage plant-
ing of layers of vegetation and larger trees in areas visible to the public. The rules
also include bonuses for harvesting rain water and choosing plants that need less
water. The city has developed a worksheet to help applicants calculate a “score” that
indicates whether various mixes of landscaping measures meet the requirements,
which will allow developers to try different combinations of features. See <www.
seattle.gov/dpd/permits/greenfactor/> for more information.

Figure 7: Seattle Public Library
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Green Roofs for Healthy Cities

Seattle promotes green roofs, such as this one on a city library, through its Green Factor program.

Meanwhile, since 1996, the city’s Neighborhood Matching Fund program has provided
more than 17,200 trees to more than 600 neighborhood groups for Seattle’s streets

and parks, and the city has established the Emerald City Task Force, which advises the
city on incentives and policies to encourage private property owners—residential and
commercial—to improve their land by preserving existing trees and planting new ones.
See <www.seattle.gov/trees/> for more information.
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Further, the National Association of
Home Builders is working with the In-
ternational Code Council to develop a
national green building standard for
homes that captures heat island reduction
strategies as well.

Whereas the above efforts allow building
owners to choose technologies and do not
guarantee that heat island reduction strat-
egies will be included in the mix, some
communities, such as Frisco, Texas, have
gone so far as to require cool roofs in
their commercial green building pro-
grams. In late 20006, the Frisco City Coun-
cil approved requirements for most new
commercial construction to install ENERGY
STAR labeled cool roof products.

2.7 Building Codes

Building codes are regulations adopted by
local and state governments that establish
standards for construction, modification,
and repair of buildings and other struc-
tures. An energy code is a portion of the
building code that relates to energy usage
and conservation requirements and stan-
dards (see <www.energycodes.gov>). Some
cities and states have begun including cool
roofing in their building codes because of
its potential to save energy, particularly
during peak loads. For example:

* In January 2003, Chicago amended
its energy code to require roof in-
stallations on or prior to December
31, 2008, to meet a minimum solar
reflectance of 25 percent. The amend-
ments apply to most air-conditioned
buildings with low-sloped roofs. After
December 31, 2008, contractors must
use roofing products that meet or ex-
ceed the minimum criteria to qualify
for an ENERGY STAR label.

* Georgia was the first state to add
cool roofs to its energy code, in
1995. Georgia allows a reduced roof

The Foundation for
Including Cool Roofs in
Energy Codes

The American Society of Heating,
Refrigerating, and Air-conditioning
Engineers (ASHRAE) has developed
energy-efficient design standards

that provide minimum requirements
for both commercial and residential
buildings. The ASHRAE standards un-
derlie most state building and energy
codes. ANSI/ASHRAE/IESNA Stan-
dard 90.1-1999, Energy Standards for
Buildings Except Low-Rise Residential
Buildings, and ANSI/ASHRAE Stan-
dard 90.2-2001, Energy-Efficient De-
sign of Low-Rise Residential Buildings,
provide guidelines for new equip-
ment, systems, and buildings. These
standards originally were developed
in response to the 1970s energy crisis
and now include credits pertaining

to cool roofing. For example, Adden-
dum f to 90.2-2001 allows high-albedo
roofs in hot and humid climates as
part of the energy efficiency ceiling
calculation for a residential building.

insulation level if a cool roof with a 75
percent minimum solar reflectance and
75 percent minimum thermal emittance
is installed.!3 Note that if building own-
ers install a cool roof and simultane-
ously reduce insulation, there may be
no net energy savings.

* Florida also gives cool roofs credit
in its building energy code. Buildings
using a roof with 70 percent minimum
solar reflectance and 75 percent mini-
mum thermal emittance are eligible
to reduce the amount of insulation
needed to meet building efficiency
standards, as long as a radiant barrier
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is not also installed in the roof plenum
or attic space.

In response to electrical power shortag-
es, California added cool roofs as an
energy efficiency option to its build-
ing energy code (Title 24) in 2001. The
code defines a cool roof as having a
minimum solar reflectance of 70 per-
cent and minimum thermal emittance of
75 percent, unless it is concrete or clay
tile, in which case it can have a mini-
mum solar reflectance of 40 percent.
This 40-percent rating incorporates new
cool-colored residential products into
the standard. In 2005, these cool roof
provisions became mandatory require-
ments for all new non-residential con-
struction and re-roofing projects that
involve more than 2,000 square feet
(180 m?2) or 50 percent replacement.14
The code allows owners to meet these
requirements in a variety of ways.

— The simplest approach is to apply a
cool roof that meets the minimum
requirements.

— Another alternative is to use roof
products that do not meet the cool
roof criteria and then offset the
reduced performance levels by
implementing other measures, such
as insulation and window improve-
ments, that exceed minimum re-
quirements.

— The third, and most flexible op-
tion, is to use whatever methods are
deemed practicable as long as the
code’s specific performance goal is
reached. In this scenario, the build-
ing owner creates a model of all the
characteristics that affect the energy
consumption of the building to
determine the mix of measures that
will meet the code criteria. The Cali-
fornia Energy Commission provides
computer software for this compli-
ance option.

Cool Roofs in California

California has a long history of sup-
porting cool roof research and imple-
mentation to alleviate peak energy
demand. In 2001, the state passed
legislation that activated emergency
measures, including cool roofs, to
reduce peak demand and mitigate
the energy crisis. The cool roofs pro-
gram was subsequently formalized
as the Cool Savings Program, which
provided rebates to building owners
for installing roofing materials with
high solar reflectance and thermal
emittance. The highest rebate went
to roofs on air conditioned buildings,
while buildings with rooftop ducts
and other non-residential buildings
were eligible for a slightly lower
rebate. The program was adminis-
tered by the California Energy Com-
mission but implemented by five
organizations directly responsible for
promoting the program, recruiting
customers, verifying project comple-
tion, and paying incentives of 15 to
25 cents per square foot (0.09 m2) of
eligible roofing area. The program
was so successful that California re-
vised Title 24 to make cool roofs on
certain new or renovated buildings
mandatory starting in 2005.

California began the process of updat-

ing Title 24 in late 2005, with final revised
standards due in 2008. As part of this
update, California is investigating extend-
ing cool roof requirements to houses and
buildings with steep-sloped roofs. See
<www.energy.ca.gov/title24/2005standards/
index.html> and <www.energy.ca.gov/
title24/2008standards/index.html> for
further information.
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2.8 Air Quality Requirements

As summertime temperatures rise, the rate
of ground-level ozone formation, or smog,
increases. By lowering temperatures, urban
heat island mitigation strategies can help
reduce ground-level ozone concentrations.
Many cities and counties are struggling to
attain national ambient air quality stan-
dards (NAAQS), particularly for ground-
level ozone. Most of these areas have
adopted a wide range of emission con-

trol strategies on traditional air pollution
sources and are seeking innovative ways to
further reduce air pollution levels. Commu-
nities are considering urban forestry and
cool roofs, in particular, as technologies
that can help them reach attainment.

Under the Clean Air Act, State Implemen-
tation Plans (SIPs) are federally approved
and enforceable plans that identify how
each state will meet and maintain federal
air quality standards. EPA has developed
three policies that help states to include
heat island reduction strategies in their
SIPs. See the “Policies to Advance Heat
Island Mitigation in SIPs” textbox.

A few areas have been working to include
heat island reduction strategies in their SIPs,
including Atlanta, Houston, Sacramento, and
the Washington D.C. metropolitan area. In
20006, Sacramento secured a large Conges-
tion Mitigation and Air Quality (CMAQ)
Improvement Program grant to work on
including urban forestry in its SIP. The
project, known as the Urban Forests for Clean
Air demonstration project, involves the Sac-
ramento Tree Foundation, the USDA For-

est Service, the Sacramento Area Council of
Governments, and the Sacramento, El Dorado,
Placer, and Feather River Air Districts. The
project includes three phases: 1) initial esti-
mates of the effects of the urban forest on air
quality; 2) development of improved mod-

els to analyze these impacts; and 3) a final
report on the findings. Under the first phase,

Heat Island Mitigation
Strategies Reduce Ground-
Level Ozone

Ground-level ozone forms more
readily when air temperatures rise.
Strategies to mitigate the urban heat
island reduce air temperatures and
therefore decrease concentrations of
ground-level ozone. These strate-
gies also reduce energy demand for
cooling, which reduces air pollution
and greenhouse gas emissions associ-
ated with energy production. When
selecting vegetation for a green roof
or to plant along a street or other
areas, communities in areas with
poor air quality may want to consider
the volatile organic compound (VOC)
emissions from certain plants, be-
cause VOCs are a pre-cursor chemi-
cal for ground-level ozone. With the
right choice of species, the benefits
of additional trees and vegetation far
outweigh the costs.

the Forest Service’s Center for Urban Forest
Research estimated the impacts of trees on

air quality using existing models and statisti-
cal analyses. That analysis predicted that one
million additional trees could lower emissions
of NO, by almost a quarter ton per day and
particulate matter by over one ton per day. If
trees that emitted low levels of volatile organic
compounds (VOCs) were chosen, ground-level
ozone could also be reduced by 1.5 tons daily.
The long-term goal for the project is to devel-
op the technical support for a SIP revision that
includes large-scale, urban tree planting as a
ground-level ozone reduction control strat-
egy for the Sacramento region. See <http://
www.fs.fed.us/psw/programs/cufr/products/
psw_cufr696_SacramentoAirQuality.pdf> and
<www.sactree.org> for more information.
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Policies to Advance Heat Island Mitigation in SIPs

Currently, three EPA policies help states to include heat island reduction strategies in
their SIPs:

1. The Emerging and Voluntary Measures Policy provides flexibility for states to include
in their SIP nontraditional measures, which are measures that do not directly reduce
emissions at their source such as a scrubber on a utility smokestack. Heat island re-
duction strategies can be included under this policy.

2. The Guidance on State Implementation Plan (SIP) Credits for Emissions Reductions
from Electric-Sector Energy Efficiency or Renewable Energy Measures provides state
and local air quality officials with information on how to incorporate energy efficiency
and renewable energy measures into their SIPs. It includes a step-by-step procedure
for estimating emission reductions from these measures, a list of tools and resources
for more information, and examples of proposed SIP submissions. This policy en-
courages cool roofs particularly. See <http://www.epa.gov/ttncaaal/tl/memoranda/
ereseerem_gd.pdf >.

3. The Bundled Measures Policy allows a state to combine many projects and programs
that individually would not result in large reductions of air pollution emissions. EPA
considers the performance of the entire bundle (the sum of the emissions reductions
from all the measures in the bundle) for SIP evaluation purposes, not the effectiveness
of any single measure. In this way, the responsible agency can include innovative
strategies, such as heat island mitigation measures, that may otherwise be overlooked
because they do not on an individual basis provide significant air quality benefits.

The Washington D.C. region’s SIP in- Figure 8:Tree Canopy in Washington D.C.
cludes a Regional Canopy Management L B '
Plan as a ground-level ozone reduction
strategy. The plan involves working with
local governments to establish goals for in-
creasing tree canopy coverage and decreas-
ing ground-level ozone pollution. In June
2007, Fairfax County, Virginia, set a prece-
dent by selecting an urban forestry canopy
goal of 45 percent. The county developed
this target after it determined that current
tree management efforts would lead to a

U.S./Japan ASTER Science Team

decrease in canopy size from 41 percent Construction in and around Washington, D.C., has
to 37 percent over the next 30 years. To reduced tree cover (green in this image), but many
combat this loss, the county has proposed efforts have formed to slow or reverse this trend.

increasing the average number of trees
planted from 21,000 to 84,000, justifying
the expense of additional trees by citing
the multiple benefits they provide.

HEAT ISLAND REDUCTION ACTIVITIES — DRAFT 19


http://www.epa.gov/ttncaaa1/t1/memoranda/ereseerem_gd.pdf
http://www.epa.gov/ttncaaa1/t1/memoranda/ereseerem_gd.pdf

Endnotes

1

10

11

12

13

14

Examples of sustainable or low-impact development (LID) initiatives are The Sustainable Sites
Initiative (<http://sustainablesites.org>), a collaboration between the American Society of Land-
scape Architects, the Lady Bird Johnson Wildflower Center, the US Botanic Garden, and other
groups; and EPA’s Low Impact Development Page (<www.epa.gov/owow/nps/lid/>) and Green
Infrastructure Action Strategy (<http://cfpub.epa.gov/npdes/greeninfrastructure/information.
cfm#greenpolicy>).

Bass, B. and B. Baskaran. 2003. Evaluating Rooftop and Vertical Gardens as an Adaptation
Strategy for Urban Areas. Report No. NRCC-46737. National Research Council Canada. Toron-
to, Canada.

The Wisconsin Office of the Governor. 2008. Governor Doyle Announces $500,000 in Urban
Forestry Grants. 17 January. Retrieved 18 January 2008 from <http://www.wisgov.state.wi.us/
journal_media_detail.asp?locid=19&prid=3110>.

South Dakota Department of Agriculture. 2008. Urban & Community Forestry Comprehensive
Challenge Sub-grant. Retrieved 18 January 2008 from <http://www.state.sd.us/doa/Forestry/
grantsandloans/uandcf.htm>.

HB 2844 - 2007-08: Regarding Urban Forestry. Retrieved 26 February 2008 from
<http://apps.leg.wa.gov/billinfo/Summary.aspx?bill=2844&year=2007>.

Blasnik, M. 2004. Impact Evaluation of the Energy Coordinating Agency of Philadelphia’s Cool
Homes Pilot Project. M. Blasnik & Associates. Boston, MA.

EPA. 2007. 2007 ENERGY STAR Awards. Retrieved 30 December 2007 from <http://www.ener-
gystar.gov/ia/partners/pt_awards/2007_award_winner_profiles.pdf>.

EPA. 2007. 2005 Environmental Merit Award Recipients. Retrieved 15 December 2007 from
<http://www.epa.gov/regionl/ra/ema/2005recipients.html>.

McPherson, E. G. 2001. Sacramento’s parking lot shading ordinance: environmental and eco-
nomic costs of compliance. Landscape and Urban Planning. 57:105-123.

City of Sacramento. Tree shading requirements for parking lots. §17.68.040 City Code. Re-
trieved 29 November 2007 from <http://www.qcode.us.codes/sacramento>.

City of Toronto. 2007. Design Guidelines for “Greening” Surface Parking Lots. Retrieved 29
November 2007 from <http://www.toronto.ca/planning/urbdes.gn/greening parking lots.htm>.

For further information about Arlington’s and San Jose’s codes, respectively, see <http://www.ar-
lingtonva.us/departments/EnvironmentalServices/epo/EnvironmentalServicesEpoGreenBuildings.
aspx> and <http://www.sanjoseca.gov/ESD/natural-energy-resources> under Green Building.

U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy. 2008. Georgia
Energy Code 1995. Retrieved 11 February 2008 from <http://www.eere.energy.gov/states/state_
specific_information.cfm/state=GA>.

Levinson, R., H. Akbari, S. Konopacki, and S. Bretz. 2002. Inclusion of Cool Roofs in Nonresi-
dential Title 24 Prescriptive Requirements. Paper LBNL-50451. Lawrence Berkeley National
Laboratory, Berkeley, CA.

20

REDUCING URBAN HEAT ISLANDS - DRAFT


http://sustainablesites.org
http://www.epa.gov/owow/nps/lid/
http://cfpub.epa.gov/npdes/greeninfrastructure/information.cfm#greenpolicy
http://cfpub.epa.gov/npdes/greeninfrastructure/information.cfm#greenpolicy
http://www.wisgov.state.wi.us/journal_media_detail.asp?locid=19&prid=3110
http://www.wisgov.state.wi.us/journal_media_detail.asp?locid=19&prid=3110
http://www.state.sd.us/doa/Forestry/grantsandloans/uandcf.htm
http://www.state.sd.us/doa/Forestry/grantsandloans/uandcf.htm
http://apps.leg.wa.gov/billinfo/Summary.aspx?bill=2844&year=2007
http://www.energystar.gov/ia/partners/pt_awards/2007_award_winner_profiles.pdf
http://www.epa.gov/region1/ra/ema/2005recipients.html
http://www.qcode.us.codes/sacramento
http://www.toronto.ca/planning/urbdes.gn/greening_parking_lots.htm
http://www.arlingtonva.us/departments/EnvironmentalServices/epo/EnvironmentalServicesEpoGreenBuildings.aspx
http://www.sanjoseca.gov/ESD/natural-energy-resources
http://www.eere.energy.gov/states/state_specific_information.cfm/state=GA
http://www.eere.energy.gov/states/state_specific_information.cfm/state=GA

	reducing_urban_heat_islands_ch_1.pdf
	Acknowledgements
	Contents
	Urban Heat Island Basics
	1. What Are Urban Heat Islands?
	1.1 Surface Urban Heat Islands
	1.2 Atmospheric Urban HeatIslands

	2. How Do Urban Heat Islands Form?
	2.1 Reduced Vegetation in Urban Areas
	2.2 Properties of Urban Materials
	2.3 Urban Geometry
	2.4 Anthropogenic Heat
	2.5 Additional Factors

	3. Why Do We Care about Urban Heat Islands?
	3.1 Energy Consumption
	3.2 Air Quality and Greenhouse Gases
	3.3 Human Health and Comfort
	3.4 Water Quality

	4. Strategies to Reduce Urban Heat Islands
	5. Additional Resources
	Table 3: Urban Heat Island Resources
	Endnotes


	reducing_urban_heat_islands_ch_2 - Copy
	Acknowledgements
	Contents
	Trees and Vegetation
	1 How It Works
	2 Using Trees and Vegetation in the Urban Landscape
	3 Benefits and Costs
	3.1 Benefits
	3.2 Potential Adverse Impacts
	3.3 Costs
	3.4 Benefit-Cost Considerations

	4 Other Factors to Consider
	4.1 Planting Considerations
	4.2 Maintenance
	4.3 Safety

	5 Urban Forestry Initiatives
	6 Resources
	6.1 Plant Selection
	6.2 Benefit-Cost and Other Tools
	6.3 General Information

	Endnotes

	reducing_urban_heat_islands_ch_3 - Copy
	Acknowledgements
	Contents
	Green Roofs
	1 How It Works
	2 Green Roof Types
	2.1 Extensive Green Roofs
	2.2 Intensive Green Roofs

	3 Benefits and Costs
	3.1 Benefits
	3.2 Costs
	3.3 Benefit-Cost Considerations

	4 Other Factors to Consider
	4.1 Site Characteristics
	4.2 Installation and Maintenance
	4.3 Fire Safety

	5 Green Roof Initiatives
	6 Resources
	Endnotes

	reducing_urban_heat_islands_ch_4 - Copy
	Acknowledgements
	Contents
	Cool Roofs
	1 How It Works
	1.1 Solar Energy
	1.2 Solar Reflectance
	1.3 Thermal Emittance
	1.4 Temperature Effects

	2 Cool Roof Types
	2.1 Low-Sloped Cool Roofs
	2.2 Steep-Sloped Cool Roofs

	3 Benefits and Costs
	3.1 Benefits
	3.2 Potential Adverse Impacts
	3.3 Costs
	3.4 Benefit-Cost Considerations

	4 Other Factors to Consider
	4.1 Product Measurement
	4.2 Product Labeling
	4.3 Installation and Maintenance
	4.4 Cool Roofing and Insulation

	5 Cool Roof Initiatives
	6.1 Cool Roof Energy Savings Calculators
	6 Resources
	6.2 Roofing Programs and Organizations

	Endnotes

	reducing_urban_heat_islands_ch_5
	Cool Pavements
	1. How It Works
	1.1 Solar Energy
	1.2 Solar Reflectance (Albedo)
	1.3 Thermal Emittance
	1.4 Permeability
	1.5 Other Factors to Consider
	1.6 Temperature Effects

	2. Potential Cool Pavement Types
	3. Benefits and Costs
	3.1 Benefits
	3.2 Costs
	3.3 Life-Cycle Cost and Environmental Impact Considerations

	4. Cool Pavement Initiatives
	5. Resources

	Endnotes

	reducing_urban_heat_islands_ch_6
	Acknowledgements
	Contents
	Heat Island Reduction Activities
	1 Voluntary Efforts
	1.1 Demonstration Projects
	1.2 Incentives
	1.3 Urban Forestry Programs
	1.4 Weatherization
	1.5 Outreach and Education Programs
	1.6 Awards

	2 Policy Efforts
	2.1 Procurement
	2.2 Resolutions
	2.3 Tree and Landscape Ordinances
	2.4 Comprehensive Plans and Design Guidelines
	2.5 Zoning Codes
	2.6 Green Building Programs and Standards
	2.7 Building Codes
	2.8 Air Quality Requirements

	Endnotes




