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Executive Summary

S

outhern California faces multiple threats stemming from the expansion of
our urban and suburban environment. First, urbanization and development
transform landscapes into impervious surfaces, increasing the volume of
runoff that results from precipitation. More runoff means more pollution carried
by stormwater to our rivers, lakes, and beaches. Second, climate change, brought
about in part by increased energy use, threatens our water supply, particularly the
availability of freshwater resources like the Sierra snowpack, jeopardizes progress in
air quality, and endangers human health. Third, dark impervious surfaces in our cities
absorb and radiate heat back into the surrounding atmosphere at a far greater rate
than the natural landscape does, causing a heat island effect that raises ambient air
temperatures in developed areas, resulting in human health problems and additional
energy use for building cooling. Green roofs and cool roofs offer the potential to
address many of these issues and improve the sustainability of urban areas in
Southern California.
have varied, studies have found that green roofs can
reduce the energy needed for building cooling on the
floor below the roof by upwards of 50 percent.

Green roofs and cool roofs can help protect water resources
adversely impacted by climate change by reducing electricity
usage, improving air quality, and shrinking our carbon
footprint. Green roofs can also greatly reduce the volume
of stormwater runoff from rainfall events, helping to keep
California’s coastal and inland waters clean. Together, these
smart roofing practices can provide many benefits:

	Cool

roofs use reflective materials, often but not
always light colored, to reflect more of the sun’s energy
than traditional dark roofs, and to more efficiently
transmit heat from the building’s interior. Compared
to conventional dark roofs, the surface of a cool roof
can be 50° to 60°F (28° to 33°C) cooler on a hot, sunny
day. Studies have found that cool roofs can produce a
similar savings in building cooling energy demand as
green roofs.

n 	Green

Roofs and cool roofs can save energy, reduce
neighborhood temperatures, and protect human health.
They have a strong regulating effect on the temperature of
underlying roof surfaces and building interiors, reducing
the energy needed for building cooling and the effects of
the urban heat island effect.

n 	Green

	The

plants and growing medium of a green roof provide
shade, thermal mass, and evaporative cooling that
reduces temperatures on the roof surface and in the
building interior below. While temperatures on the
surface of a conventional dark roof may exceed those of
ambient air by 90°F (50°C) or more on a hot, sunny day,
with much of the heat transferred into the building’s
interior, the temperature of a green roof may actually be
cooler than the surrounding ambient air. Though results

|

roofs can also protect our waters from pollution.
They have substantial capacity to both absorb and delay
rainfall runoff, reducing the volume of rainfall runoff
and pollutants that flow to California’s rivers, lakes, and
beaches. A green roof with a three- to four-inch soil layer
can generally absorb between one-half to one inch of
rainfall from a given storm event. Even when saturated,
green roofs can substantially delay runoff, reducing
flooding and erosion.

PAGE 2 Looking Up

© William McDonough + Partners

A green roof on the former headquarters of The Gap, Inc. (now the offices of You Tube) in San Bruno, California

This paper looks at the many benefits of green roofs and
cool roofs for our communities and quantifies some of
those benefits, including building cooling energy savings,
greenhouse gas emissions reductions, and, for green roofs,
stormwater volume reduction. The analysis shows that if
green roofs or cool roofs were installed on 50 percent of the
existing roof surfaces in urbanized Southern California, the
resulting direct energy savings from reduced building cooling
energy use could be up to 1.6 million megawatt-hours
per year, saving residents up to $211 million in electricity
costs and reducing greenhouse gas emissions by up to 465
thousand metric tons of CO2 equivalent annually. Even
considering the installation of green roofs and cool roofs on
new construction and redevelopment only, using these roof
types could result in savings of up to one million megawatthours per year by 2035 (corresponding to $131 million in
saved electricity costs based on 2012 rates), and greenhouse
gas emissions reductions of up to 288 thousand metric
tons of CO2 equivalent annually.

|

Green roofs absorb and evaporate or transpirate rainfall,
and therefore can reduce stormwater runoff in Southern
California by tens of billions of gallons each year. If green
roofs were installed on 50 percent of existing roof surfaces
in Southern California, stormwater runoff would be reduced
by more than 36 billion gallons per year. Even if green roofs
were installed only on 50 percent of new and redevelopment
projects, by 2035, runoff could be reduced by 20 billion
gallons annually, with a substantial reduction in the volume
of pollution reaching our local waters.
The scale of these benefits is truly impressive and justifies
a much more aggressive set of policies and incentives to help
advance the adoption of green roofs and cool roofs in our
region. Municipalities and counties should provide guidance
and incentives for residential and commercial private party
installations of green roofs and cool roofs to increase their
use in our communities. To promote the use of green roofs in
particular, municipalities and counties should adopt strong
standards for stormwater pollution controls that require the
on-site retention of runoff through use of practices like green
roofs that stop stormwater runoff at its source.
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INTRODUCTION

Green roof in Vista Hermosa Park, Santa Monica Mountains
Conservancy, Los Angeles
© www.luthringer.com
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On April 30, 2012, the California Department of Water
Resources reported that the Sierra snowpack, the source of
up to one-third of the state’s freshwater supplies, was only 40
percent of its normal level for this time of year. Though well
below historical levels, this reading may foreshadow major
changes. Largely because of temperature increases from
global warming, the snowpack is expected to shrink by 25 to
40 percent by 2050, meaning less water will be available for
the tens of millions of Californians that rely on its runoff for
their water needs.
Meanwhile, as our urban and suburban environments
expand further outward in Southern California, we use more
energy for lighting, vehicle traffic, and building cooling,
among other uses. This results in greater emissions of the
greenhouse gases that are contributing to the effects of
global warming. And when it rains over our expanding
cities, rooftops and other paved surfaces create vastly more
runoff than occurs in the natural landscape, which in turn
picks up and carries vastly more pollution to our rivers,
lakes, and beaches.
Addressing all of these concerns will require judicious
policies concerning growth and development that employ
multiple practices, including the widespread use of green
infrastructure—a term we use to mean a set of design
principles and practices that restore or mimic natural
hydrologic function. Green roofs, which are effectively
living rooftops, can cost-effectively help solve many of these
challenges at once, reducing energy used by buildings for
cooling and heating, decreasing surface temperatures in
cities, preventing stormwater runoff from carrying pollutants
to surface waters, and providing other benefits.
Cool roofs, like green roofs, use smarter materials to
reduce energy demand and lower temperatures compared
with traditional rooftops. They do not yield all of the benefits
of green roofs, but where installing a green roof may be
impractical due to site-specific constraints, cool roofs can
help address many of these same climate and energy issues
facing our region.

Looking onto the green roof of the former headquarters
of The Gap, Inc.

PAGE 4 Looking Up

ENVIRONMENTAL CHALLENGES
Southern California is facing a complex, and mostly
worsening, set of sustainability challenges. Green roofs
and cool roofs can help to address these issues.

Urban Runoff and Stormwater
Stormwater runoff poses a threat both to our water supplies
and to the health of our surface waters. Overall, “most
stormwater runoff is the result of the man-made hydrologic
modifications that normally accompany development.”1
Increased impervious surface area drastically increases the
volume of runoff that results from precipitation. Rain that
would have, under pre-development conditions, soaked into
the ground, been taken up by plants, or evaporated, instead
hits paved surfaces and is converted to runoff. This can lead
to increasingly severe flooding and erosion and can greatly
amplify levels of pollution in surface water bodies. When
the increased volume of runoff flows over paved surfaces, it
picks up higher levels of automotive fluids and debris, metals,
pesticides, pet wastes, trash, bacteria and pathogens, and
other contaminants and carries them to nearby rivers, lakes,
and beaches.2
The U.S. Environmental Protection Agency (EPA) views
urban runoff as one of the greatest threats to water quality

in the country, calling it “one of the most significant reasons
that water quality standards are not being met nationwide.”3
This is particularly the case in California, where, according
to the State Water Board, polluted stormwater runoff
continues to be a leading cause of pollution in Santa Monica
Bay and throughout California.4 (See Figure 1, showing
that Southern California contains hundreds of thousands
of acres of impervious surface.) Statewide, more than half
of all lakes, bays, wetlands, and estuaries fail to meet water
quality standards, and more than 30,000 miles of shoreline
and rivers are impaired by one or more pollutants. Worse, the
number of rivers, streams, and lakes in California exhibiting
overall toxicity increased by 170 percent from 2006 to 2010.5
California experienced 5,756 beach closing and advisory days
in 2010, and polluted urban stormwater runoff continues to
be a major contributor.6
In the vast majority of California’s municipalities, separate
sewer systems are used to collect and convey stormwater
independently of domestic sewage. A side effect of this
practice is that “polluted stormwater runoff is commonly
transported through [the storm sewer], from which it is often
discharged untreated into local water bodies.”7 In combined
sewer systems, such as the one used by the city of San
Francisco, stormwater runoff is collected and conveyed in the
same pipes as domestic sewage and industrial wastewater.

Figure 1: Map of impervious surface cover
in Southern California
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Under normal conditions the wastewater is transported
to a sewage treatment plant, where it is treated before being
discharged. However, during periods of increased rainfall
or snowmelt, “the wastewater volume in a combined sewer
system can exceed the capacity of the sewer system or
treatment plant.”8 For this reason, combined sewer systems
are designed to overflow during rain events over a certain
size and discharge excess wastewater directly to nearby
rivers, lakes, or beaches, resulting in “stormwater…untreated
human and industrial waste, toxic materials, and debris”

pouring directly into receiving waters.9 Consequently, the
EPA considers combined sewer overflows to be “a major
water pollution concern for the approximately 772 cities in
the U.S. that have combined sewer systems.”10
Use of these conventional, engineered controls has been
the dominant paradigm for addressing the challenges posed
by stormwater across the United States for decades, with
unfortunate consequences to the health of our nation’s
surface water bodies.

Green Infrastructure as a Stormwater Control Solution
Though stormwater runoff presents a serious threat to the health of our country’s waters, there are practices that can
help stop runoff at its source, before it can pick up pollutants and carry them to our rivers and beaches. In communities
throughout the United States, use of green infrastructure—a set of design principles and practices that restore or mimic
natural conditions, allowing rainwater to infiltrate into the soil or evapotranspire into the air—has begun to replace
conventional, engineered solutions such as gutters, drains, and pipes, which do not reduce the volume of runoff, as a
better way of addressing stormwater pollution.11 The California Ocean Protection Council has called green infrastructure
(or low impact development) “a practicable and superior approach” to stormwater management, stating that it can
“minimize and mitigate increases in runoff and runoff pollutants and the resulting impacts on downstream uses, coastal
resources and communities.”12 Green infrastructure techniques include use of porous and permeable pavements, parks,
roadside plantings, rain barrels, and green roofs, to capture rain where it falls.
	One means of expanding the use of green infrastructure has been through permits issued under the federal Clean Water
Act (CWA). The stated goal of the Act, passed by Congress in 1972, is “to restore and maintain the chemical, physical,
and biological integrity of the Nation’s waters.”13 Under the CWA’s National Pollutant Discharge Elimination System
(NPDES) program, municipalities are required to obtain permits for the discharge of stormwater from their separate storm
sewer systems (MS4s). In California, and elsewhere in the country, these permits have increasingly required that new
development and redevelopment projects use green infrastructure practices to retain rainfall on site, rather than allowing it
to run off and enter storm sewer systems. Several MS4 permits in California, including those for Ventura County, Orange
County, and the San Francisco Bay Region, require retention of the 85th percentile storm volume (roughly three-quarters
of an inch of rain in coastal Southern California).14 Many cities and states are also encouraging use of green infrastructure
through incentives, zoning, and permitting programs, or by investing their own money on public property.15

© Haan-Fawn Chou

© Abby Hall/EPA

A rain barrel in Santa Monica

Vegetated swale in a parking lot
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Climate Change and Water Supply

For example, snowpack in the Sierra Nevada range forms
California’s largest freshwater reservoir and is a critical source
of water for the entire state. “Snowmelt currently provides
an annual average of 15 million acre-feet of water,” roughly
40 percent of the state’s total annual freshwater supply,
“slowly released between April and July each year. Much of
the state’s water infrastructure was designed to capture the
slow spring runoff and deliver it during the drier summer
and fall months.”17 However, climate change threatens the
continued viability of this vital water source. Largely because
of temperature increases, the Sierra snowpack is projected
to shrink 25 to 40 percent by 2050, and as much as 70 to 90
percent by the end of the century.18 (Figure 2.)
In fact, impacts on the snowpack from climate change are
already occurring. According to the California Department of
Water Resources, the “average early spring snowpack in the
Sierra Nevada decreased by about 10 percent during the last
century, a loss of 1.5 million acre-feet of snowpack storage.”19
This is in part because “more precipitation is falling as rain
and less as snow.”20 These changes will have consequences for
the state’s water supply that will worsen over time and with
increases in warming.
Precipitation will also become a less reliable source of
water because of climate change, with some regions likely
to see significantly less rainfall than historical levels and
an increase in drought events. For example, recent climate
simulations for conditions in Sacramento, California,
evaluated as part of a broader, statewide study, predict 30year precipitation averages that decline to more than

Securing an adequate, reliable water supply will become
increasingly difficult in the coming years and decades
because of climate change. Carbon dioxide and other
global warming pollutants, or greenhouse gases (GHGs),
are collecting in the atmosphere like a thickening blanket,
trapping the sun’s heat and causing the planet to warm.
Changes in precipitation patterns, snowpack, groundwater
viability, and increased water demands will all contribute to
unstable water supplies in many major U.S. cities, especially
those in the western U.S. Some of these changes are already
being seen today, including increased temperatures and
more frequent severe weather events and droughts.16
Green roofs and cool roofs can help reduce the use of
energy for building cooling and mitigate the effects of the
urban heat island effect, resulting in less greenhouse gas
emissions that contribute to global warming and threaten
our water supplies.

Water Supply, Precipitation, and the
Sierra Snowpack
Most visibly, climate change threatens one of our main
natural sources of water supply and storage: snowpack.
Many areas of the country, including Southern California,
rely on annual snowpack cycles to provide reliable storage
of water during the winter months and, as the snow melts,
abundant flowing water in warmer months.

Figure 2: Projected dry-climate reduction in the Sierra Nevada snowpack, from 2070–2099

Source: California Climate Change Center, 2006. Projections are based on warming ranges of 3° to 5.5°F (1.7°–3.3°C) (Lower
Warming Range) and 5.5° to 8°F (3°–4.4°C) (Medium Warming Range). The High Warming Range estimate, which projects a
temperature increase of 8° to 10.5°F (4.4°–5.8°C), is not shown.
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Figure 3: Differences in mean annual precipitation for 30-year periods in early, middle,
and late 21st century, relative to 1961-to-1990 baseline for the Sacramento region
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(top, blue) and a low emissions scenario (bottom, purple).

5 percent below historical levels by the end of this century.21
(See Figure 3.) For the Los Angeles region, the figure is more
than 10 percent below historical levels.22 The drying projected
in these simulations rivals or exceeds the largest long-term
dry periods observed in the region since the late 1800s.23
Climate change is also likely to cause drought in areas outside
of California that will affect the flow of the Colorado River,
a source of up to 4.4 million acre-feet of water per year for
the state.24
In places like Sacramento and the Los Angeles region,
where climate change will likely reduce rainfall or contribute
directly to drought, impacts on water supply are obvious. But
even where precipitation levels are likely to rise over time
because of global warming, the timing of that precipitation
may make it more difficult to capture and use, with much of it

|

falling in more frequent and intense storms.25 This may cause
flooding and runoff on a scale that today’s infrastructure has
not been designed to handle, as illustrated by the historic
flood events seen across the country in 2011.
Together, these effects—a reduction in snowpack, earlier
snowmelt, and changes in precipitation patterns—will mean
a less reliable and useful surface water supply. Overall surface
runoff in California could decrease by up to 10 percent by
mid-century, with far greater decreases in runoff in the
intermountain Southwest.26 Under a median warming range
scenario (5.5° to 8° F) by century’s end, late-spring streamflow
could drop by as much as 30 percent.27 In the worst-case
climate change scenario for water supplies, reflecting both
hot and dry conditions, overall streamflow may decrease
statewide by 27 percent by 2085.28

PAGE 8 Looking Up

Impacts to Groundwater Supplies

Water Supply and Energy in California

Unfortunately, climate change will also take a toll on
groundwater supplies, which are often viewed as a safety net
in California’s overall water supply picture. Approximately
30 percent of California’s urban and agricultural water needs
are supplied by groundwater in an average year, a figure
that rises to 40 percent or more during periods of drought.29
Groundwater basins are already stressed and overdrafted
in many places throughout the state, such as in the Central
Valley; basins in major population centers will be additionally
threatened by increased salinity and saltwater intrusion as
sea levels rise.
Recent studies project that by 2100, sea levels will be, on
average, 1 to 1.4 meters (3.3 to 4.6 feet) higher than they were
in 1990.30 Freshwater flowing toward the ocean, whether
at the earth’s surface or underground, normally prevents
saltwater from moving far inland. But when freshwater
is pumped from a groundwater aquifer, this balance is
disrupted, allowing saltwater to intrude into freshwater
aquifers.31 The combination of freshwater withdrawals
from aquifers and rising sea levels increases the likelihood
that the saltwater layer in coastal aquifers will move closer
to the surface. Seawater intrusion is already a problem for
coastal aquifers in Los Angeles County and Orange County,
where water has historically been withdrawn from aquifers
at rates higher than they are recharged.32 Sea level rise will
increase saltwater intrusion into these coastal aquifers. It
will also degrade the quality and reliability of the freshwater
supply pumped from the southern edge of the Sacramento–
San Joaquin River Delta,33 from which much of Southern
California gets its water.
In other words, excessive groundwater pumping and
climate change will make our groundwater supplies less
reliable.
All of this suggests we should be doing more, today, to
develop the capacity to use stormwater, which will make our
communities more resilient to changes in water supply over
time. Without such adaptations, these serious constraints in
water supply are likely to come just as demand for water that
accompanies development and population growth soars. We
should also be making use of practices, like green roofs and
cool roofs, that reduce energy use and the resulting release
of greenhouse gases that cause climate change, to limit the
overall impacts of climate change in the first place.

Increasing local supply of water through stormwater
capture would have benefits beyond ensuring reliable
supply. In California, almost 20 percent of our state’s total
electricity and one-third of its non-power-plant natural
gas usage are devoted to water systems.34 A significant
portion of the electricity, “substantially above the national
average,” is used in the conveyance of water, piping it
from Northern California or the Colorado River across
hundreds of miles and over mountain ranges into the
relatively parched southern parts of the state.35 The
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California State Water Project, which pumps water
a distance of 444 miles from the Sacramento-San
Joaquin Delta to Southern California—lifting the water
from just above sea level at the Delta nearly 3,000 feet
over the Tehachapi Mountains in the process—is the
single-largest individual user of electricity in the state.36
This energy use is itself a significant contributor to the
state’s greenhouse gas emissions.37 Throughout the
country, but especially in the West and in Southern
California, saving water or supplying the water locally
(for example, by capturing and using stormwater) helps
to save energy, which in turn helps to address the root
causes of climate change that threaten the security of
our water supply.

Greenhouse Gas Pollution in Southern California
Los Angeles County emits more carbon dioxide than any
other county in the United States. A 2009 report found
that the County of Los Angeles emits 21.4 million tons of
carbon per year, handily beating out Texas’s Harris County,
the next-highest emitter at 19.4 million tons. San Diego,
San Bernardino, and Riverside counties are all among the
top 40 carbon-emitting counties—in fact, the six Southern
California counties that form the focus of this study
combine to account for 45 percent of California’s total
annual carbon emissions.38
A substantial portion of these carbon emissions stems
from the tremendous volume of vehicle traffic coursing
through Southern California’s streets and freeways.
A typical passenger vehicle in the United States emits
5.1 metric tons of CO2 per year,39 and Los Angeles County
alone has an estimated 5.8 million registered automobiles
and 1.1 million trucks or commercial vehicles.40 Another
significant portion of the region’s carbon dioxide
emissions comes from electricity used to cool buildings.
Green roofs and cool roofs can help to reduce this energy
usage.

PAGE 9 Looking Up

Climate and Energy Use in
Southern California

example, on a hot, sunny day the surface of a conventional
roof can exceed the ambient air temperature by up to
90°F (50°C)45—but also for the surrounding atmosphere
on a citywide or region-wide scale. Cities with as few as
100,000 people can be impacted by the effects of an urban
heat island. For larger metropolitan areas, the effects can
be severe: Over a recent 3 year period, temperatures in
highly developed city cores in the Northeast like New York,
Philadelphia, and Boston, were an average of 13° to 16°F
(7° to 9°C) higher than temperatures in nearby rural areas.46
Urban heat islands can also elevate nighttime temperatures
significantly, with this effect sometimes exceeding the
daytime effect.47 Southern California is equally susceptible
to the urban heat island effect. For example, as Los Angeles
has grown over the past 70 years, air temperatures in the city
have steadily increased, with the extreme high temperature
rising steadily from 97°F (36°C) in 1937 to 105°F (40°C) in the
1990s.48
The increased temperature in our urbanized areas leads to
a number of negative impacts:

Across the United States, roughly 20 percent of all electrical
energy used is for space cooling.41 The average residence
equipped with a central air-conditioning system in California
(50 percent of existing residential structures, with another
15 percent equipped with room air conditioners) uses
approximately 766 kilowatt-hours (kWh) of electricity per
year (roughly 0.49 kWh/ft2/year) for cooling,42 resulting in
emissions of 483 pounds of CO2 per year per residence.43
Commercial buildings in California on average use 2.04 kWh/
ft2/year for cooling, with specific commercial sectors such as
retail (2.21 kWh/ft2), food stores (2.58 kWh/ft2), offices (3.23
kWh/ft2), and restaurants (5.76 kWh/ft2) using substantially
more electricity for cooling than others.44 Clearly, significant
opportunity exists to reduce the amount of electricity used,
and the GHG emissions that result from its production, by
lessening the need to cool building interiors.

The Urban Heat Island Effect

n 	Poor

air quality. The South Coast Air Quality Management
District states that Southern California’s air quality
is “among the worst in the nation.”49 Maximum
concentrations of fine particles, inhalable coarse
particles, and ozone (or “smog”) that can cause a variety
of significant health problems regularly exceed federal air
quality standards.50 Increased air temperatures resulting
from the urban heat island effect only exacerbate these
conditions. In Los Angeles, the amount of smog pollution
increases roughly 3 percent with every 1°F increase in
temperature.51 Hotter days are dramatically smoggier,

In addition to increases in temperature that result from
climate change, cities create their own heat islands—areas
where surface and ambient air temperatures are higher than
those in surrounding undeveloped or rural land. Urban
development increases the percentage of impervious surface
in the landscape (rooftops, roads, parking lots, and other
paved surfaces). This greater amount of impervious cover,
in turn, absorbs and radiates heat back into the surrounding
atmosphere. This can have substantial effects not only for
the area immediately around the impervious surface—for

Figure 4: Urban heat island profile across a densely developed city

Source: National Oceanic and Atmospheric Administration, modified by TheNewPhobia, 2008.
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wwith ozone going from “acceptable to terrible” with
an increase of only 10 to 15°C (18° to 27°F),52 resulting
in additional cases of asthma and hospitalizations for
respiratory ailments.
n 	Increased

heat-related illness. Higher temperatures
result in increased heat stress and other heat-related
illnesses. Roughly 1,000 people die in the United States
each year from extreme heat events,53 and a July 2006
heat wave in California resulted in 147 deaths, a number
the California Climate Change Center states is almost
certainly underreported.54 A statistical analysis suggests
that for every increase of 10°F, mortalities increased by
4.3 percent in Los Angeles County and by 11.4 percent
in San Bernardino County.55

n 	Increased

energy use and GHG emissions. As urban
temperatures increase, we use more electricity to cool
buildings than would be necessary without the effects
of urban heat islands or climate change. This results in
correspondingly higher levels of greenhouse gas emissions.
In Los Angeles, the peak energy load increases by 2 percent
for every 1°F rise in outside air temperature.56 Additionally,
since air conditioners and centralized HVAC systems vent
heated air into the atmosphere, their added use can further
increase outside air temperatures, resulting in increased
need for building cooling, and more GHG emissions.57

n 	Increased

water consumption and stress on ecosystem
health. Many plants and animals are sensitive to the
increased temperatures that occur in urban cores—for
example, increased temperatures can interfere with
photosynthesis—and the warmer temperatures can
result in more water being used for irrigation to support
stressed vegetation.58

While the challenges presented by climate change,
stormwater runoff, and the urban heat island effect are
critical and complex, there are practical, green infrastructurebased solutions that can address both their causes and their
harmful effects.
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BENEFITS OF GREEN ROOFS AND COOL ROOFS
Both green roofs and cool roofs make sense for Southern
California. The region has mild winters but hot summers,
and, as described earlier, experiences a dramatic urban
heat island. This results in wasted energy and money to
cool building interiors, and in excess GHGs being released
into the atmosphere. The region’s already worst-in-thenation air quality is a problem that is exacerbated by rising
temperatures. Further, the region’s millions of acres of
rooftops generate hundreds of thousands of acre-feet of
stormwater runoff each year, contributing large amounts
of pollution to local rivers, lakes, and beaches and adding
to flood events. Green roofs offer an opportunity to address
all of these challenges, and, where it may be impractical to
install a green roof, cool roofs can help address the climate
and energy issues facing our cities.
To quantify the benefits these types of roofs can provide,
we have analyzed land use, energy use patterns, and
studies of green roof and cool roof performance in order
to determine the energy savings that could result from a
reduced need for building cooling in Southern California.
We have also analyzed the potential volume of stormwater
runoff and pollutant load that could be retained by green
roofs. In this section, we discuss the properties of green roofs
and cool roofs and the results of our analyses. We also discuss
additional benefits that green roofs and cool roofs can
provide for Southern California’s urban areas with respect to
reducing the urban heat island effect.

Green roofs are typically referred to as either “extensive”
or “intensive.” Extensive green roofs, which are the focus of
this report, generally use a simple, lightweight system that
includes a vegetated layer, a thin layer (3 to 6 inches) of soil or
other growing medium, a drainage system, a root protection
system, and a waterproof membrane.62 With extensive green
roofs, the goal is often performance with minimal input:
Plant selections are typically hardy, drought-tolerant varieties
that need little maintenance, no fertilizers or pesticides, and
scant human intervention of any kind once established.63
Intensive green roofs, on the other hand, generally serve as
an amenity, acting more like a traditional garden or park
space, with little limitation on the type of plant or tree that
can be installed. While their purpose is usually shade and
open space for the building’s occupants, intensive green
roofs typically perform as well as, or better than, extensive
green roofs in terms of stormwater runoff retention, urban
heat island reduction, and air-conditioning energy savings.
However, this performance for intensive green roofs generally
comes at significant cost in terms of necessary structural
support, initial investment, long-term maintenance, and
irrigation water use.64

Green Roofs, Climate, and Irrigation

Green Roofs—Basics and Benefits
Green roofs are vegetated roof surfaces—essentially, rooftops
covered partially or entirely with living plants. Green roofs
can help preserve a building’s roof surface while providing
substantial environmental benefits. The plants and growing
medium (engineered soil) of a green roof shade and protect
the underlying roof structure from sunlight, thereby
reducing its temperature. Further, green roofs cool through
evapotranspiration: Plants take water in through their root
systems and release it through their leaves in a process called
transpiration. At the same time, evaporation—the conversion
of water from liquid to gas—occurs from plant surfaces and
directly from the growing medium.59 Energy from incoming
solar radiation that would otherwise heat the roof surface
and increase ambient air temperatures is instead used in the
evapotranspiration process, resulting in latent heat loss that
lowers surrounding air temperatures.60 The summer surface
temperature of a green roof can be significantly cooler than
the surface of an adjacent conventional roof at midday. For
instance, a study in New York City found that peak daytime
temperatures on green roofs averaged 60°F (33°C) cooler than
on standard black roofs.61
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A potential issue for green roof installation in Southern
California is that the region receives most of its rainfall
between November and March, when temperatures are
cooler, meaning such roofs may require supplemental
irrigation during the hotter summer months to achieve the
maximum cooling benefit from evapotranspiration. The
potential need for irrigation raises significant concerns
for regions such as Southern California, where a principal
goal is not to increase the strain on already over-allocated
domestic water supplies, which themselves may require
substantial energy to deliver to end users. One potential
option is use of captured rainwater or graywater for
irrigation, which can decrease or eliminate the need to
use potable water supplies. However, unless a reliable
source of nonpotable water is available, the preferred
option may be the installation of non-irrigated green roofs
made up of highly drought-resistant plants, coupled with
a highly reflective aggregate in the growing matrix. (See
discussion of roof properties such as solar reflectance, or
albedo, below.) While evapotranspiration may be reduced
in the summer months as a result of reduced irrigation,
green roofs will still provide cooling as a result of shading
and increased reflection of the sun’s energy.
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A cool roof being created on the flat roof of NRDC’s Santa
Monica, California, office building

A green roof on the California Academy of Sciences

Cool Roofs—Basics and Benefits

Green roofs can be installed on a wide range of buildings,
including residential and commercial structures, educational
and government buildings, offices, and industrial facilities;
in new development, redevelopment, and retrofit projects;
and on roof surfaces with a slope of up to 30 degrees, if not
higher.65 As of June 2007, there were an estimated 6.6 million
square feet of completed or ongoing green roof projects
in the United States, including initiatives in Chicago, New
York, Philadelphia, both Portland, Maine and Portland,
Oregon, Birmingham, Tucson, and Southern California,
demonstrating the breadth of conditions under which green
roofs can be installed.66
Green roofs can provide a number of benefits to both
individual building owners and neighborhoods and cities
as a whole. At the building level, green roofs:
n 	increase

Cool roofs, like green roofs, make use of materials that will
reduce energy demand and lower building and ambient
air temperatures, as compared with traditional rooftops.
Traditional roofs are typically dark in color and get warm
in the sun, heating the building and the surrounding air. A
cool roof stays cooler in the sun because of materials that
reflect more of the sun’s light and efficiently emit heat. As a
result, cool roofs reduce summer heat flux into buildings
and the city.
Cool roofs may be made from a wide variety of materials,
including paints, roof tiles, coatings, and shingles. They can
be installed on flat and sloped roofs, on commercial and
residential buildings, in new construction and on existing
structures. Although many cool roofs are light-colored or
white, they are increasingly being created in a range of colors
and can look nearly identical to traditional roofing materials.
A cool roof can be 50° to 60°F (28 to 33°C) cooler than a
dark, conventional roof on a hot summer day.68 Thus, like
green roofs, cool roofs help reduce energy use and GHG
emissions, save money on air-conditioning costs, and
improve air quality. When enough are installed on a citywide
scale, cool roofs can also reduce the urban heat island
effect—helping to lower temperatures across whole urban
communities.

the life span of a building’s roof;

n 	reduce

the energy used and associated costs necessary
for cooling the building; and

n 	improve

aesthetics.

At the neighborhood or city level, green roofs:
n 	reduce

greenhouse gas emissions by lessening the
amount of energy needed to cool the building and, in
some cases, by serving as a means of sequestering carbon;

n 	reduce

stormwater runoff volume and pollutant loading;

n 	reduce

the urban heat island effect;

n 	improve

air quality by reducing temperatures and
capturing air pollutants, including ozone and particulate
matter, thereby improving public health; and

n

provide habitat space.67

These benefits are discussed in greater detail below.
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Figure 5: Comparison of average roof surface temperatures
of buildings with conventional (non-green) and green roofs
in Hillsborough, California, in the fall of 2008

Green Roof, Cool Roof, or Solar Power?
While cool roofs have many significant benefits, it is
important to note their limitations. Unlike green roofs,
cool roofs do not reduce surface water pollution or
stormwater runoff; because they are impervious surfaces,
they contribute to urban runoff in the same way as
traditional roofs. Cool roofs also do not sequester carbon
from the atmosphere or capture air pollutants. Further,
cool roofs may result in a “winter heat penalty,” as they
may require higher heating costs during colder weather
due to their ability to transmit heat from the building
interior through the roof surface, while green roofs will
provide insulation that saves heating energy during cold
weather as well. Cool roofs can, however, be combined
with rooftop rainwater capture systems that can provide
substantial benefits in terms of stormwater runoff volume
reduction and increased water supply,69 or coupled with
increased insulation to increase energy benefits during
colder periods of the year. Given their cooling energy and
other benefits (including improving air quality through the
mitigation of climate change and the urban heat island
effect), cool roofs provide an important “smart” roofing
alternative, especially for applications where site-specific
constraints, such as a building’s load-bearing capacity,
may make installation of a green roof impractical. Their
energy-saving and urban-cooling benefits are immediate,
and they can be installed easily and quickly on a host of
building types at little cost.
Solar roofs are also a vast improvement over traditional
roofs, providing building-cooling benefits through shading
in addition to serving as a renewable energy source.70
Increasing the number of rooftop solar installations in
Southern California would help mitigate climate change,
strengthen renewable and distributed energy generation
capacity, and reduce peak energy demand. Solar roofs can
also be installed in combination with green roofs or cool
roofs. In fact, installing a solar roof in combination with a
green roof, which provides evaporative cooling, actually
improves electricity production because photovoltaic
processes are more efficient in cooler conditions.71
	Though outside the scope of this report to quantify and
compare the total benefits of all three roof types, based
on the benefits each can provide we see the different
types of roofing strategies as complementary. Policy
initiatives for smarter rooftops should push for green
roofs, cool roofs, and solar roofs to make our cities more
healthy, livable, sustainable, and resilient to a changing
climate.

Temperature in Soil (Green)
and Surface (Concentional) (F)
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Green Roof 2 – Temperature (measured in soil)

Source: K. Weeks, 2008.75

The Benefits of Green Roofs and Cool
Roofs for Southern California
Green Roof Energy Benefits
Buildings use a tremendous amount of energy to cool interior
environments, resulting in the release of large quantities of
GHGs to the atmosphere. The thermal mass, shade cover,
and evapotranspiration provided by green roofs have a strong
regulating effect on the temperature of underlying building
roofs and interiors. As stated earlier, on a hot, sunny day
the surface immediately above a conventional rooftop can
exceed ambient air temperatures by 90°F (50°C) or more,72
with much of that heat transmitted into the building below.
By contrast, even on a hot and sunny day, the temperature
of the roof surface below a green roof can actually be cooler
than the ambient air around it, greatly reducing the effects of
the sun’s energy on the interior temperature of the building73
(Figures 5 and 6). As a result, green roofs reduce energy use
and costs for indoor climate control and resulting GHG
emissions by insulating and cooling individual buildings.74
While energy savings will vary with several factors related
to the building’s construction (including the roof’s insulation
properties) and with the specific characteristics of the green
roof, during the summer a green roof can reduce the average
daily energy demand for cooling in a one-story building by
more than 75 percent compared with a conventional roof.77
(See Figure 7 for an example of energy used for cooling from a
case study in Pennsylvania.) In general, a green roof’s impact
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Figure 6: Comparison of interior temperatures of buildings
with conventional (non-green) and green roofs from a case
study in Pennsylvania
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Figure 7: Electricity used for air-conditioning by four small
buildings in central Pennsylvania
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on electricity use for cooling is greatest on the top floor,
immediately below the roof surface, and declines with each
additional story below the roof.78 A recent case study of a twostory office building in Athens, whose Mediterranean climate
is similar to Southern California’s (warm, dry summers, with
the majority of precipitation falling in the cooler winter
months), found that from May to September the presence of
a green roof reduced the cooling load for the building’s top
story by 27 to 58 percent per month, and the entire building’s
cooling load by 15 to 39 percent per month.79 A similar study
of a residential building in Athens estimated that installing
a green roof reduced its cooling load by 11 percent but cited
the building’s relatively low energy use to begin with as a
factor in what the study considered a relatively low reduction
in energy demand.80
Modeling results for green roof applications have shown
similar, though varied, cooling energy savings, generally
indicating overall annual (as opposed to monthly) building
cooling load reductions of up to 25 percent, depending
on building and green roof characteristics and the site’s
climate.81 For example, in modeling analyses of extensive
green roofs, researchers have estimated energy savings of:

Further, the tempered microclimate on a green roof
can provide additional energy savings for buildings with
rooftop air-conditioning or HVAC systems. In general,
air-conditioning systems begin to decrease in operational
efficiency at about 95°F.86 Green roofs tend to maintain a
localized air temperature below that of ambient air, allowing
cooler air to enter the air-conditioning system and reducing
costs and energy used for cooling.

n 	17

percent of the cooling load for a hypothetical five-story
commercial building in Singapore with a turf roof, and a
47 percent reduction for a rooftop covered by shrubs;82

n 	more

than 10 percent for a one-story commercial building
in Santa Barbara, California;83 and

n 	12

percent for a one-story building in Portland, Oregon,
with an average energy savings of 0.17 kWh/ft2 (equivalent
to about 35 percent of the electricity use of an average
California residence with central air-conditioning).84
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Cool Roof Energy Benefits
Cool roofs, like green roofs, result in significant energy
savings. By reflecting and emitting solar energy very
efficiently, cool roofs directly reduce the energy required for
air conditioning.87 Studies vary widely but have shown that
cool roofs generate savings of 10 to 43 percent of a building’s
cooling energy demand, with one case study documenting
that a residence in Sacramento achieved a savings of 69
percent.88 Because cool roofs generally maintain a local air
temperature that is significantly lower in comparison with
a conventional roof surface, like green roofs, they can also
allow cooler air to enter a building’s air conditioning system,
reducing building cooling costs.
These potential benefits have been recognized for many
years, and cool roofs are already being mandated under
certain conditions as an energy efficiency measure. In
California, for example, the state’s Title 24 building efficiency
standards mandate cool roofs for some buildings, depending
on roof slope, building type, and climate zone.89
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STUDY RESULTS

Definitions of key roof properties relating to building
temperature and the urban heat island effect

Transforming Existing Roof Space
Table 1 shows the annual electricity savings, cost savings,
and GHG emissions reductions that could be achieved by
an aggressive program to adopt green roofs or cool roofs on
existing rooftop surfaces in urbanized Southern California.95
Given the overlapping range of potential building cooling
energy savings observed for green roofs and cool roofs,
we have elected to treat the energy savings for both types
of roof as equivalent for the purposes of quantifying the
potential region-wide energy savings that could be achieved.
The results of this analysis are based on the following
estimates and assumptions; for additional description of
our methodology, see Appendix A:

Solar reflectance is the fraction of solar energy that is
reflected by a surface, such as a roof, and is expressed
as a number between zero and one. The higher the value,
the better the roof reflects solar energy and the more
it keeps cool. For example, a white reflective coating or
membrane may have a reflectance value of 0.8 (i.e., it
reflects 80 percent of incident solar energy and absorbs
the remaining 20 percent), while asphalt concrete may
have a reflectance of 0.1 (it reflects 10 percent while
absorbing 90 percent). The solar reflectance of a material
is similar to its albedo, which is a true field measurement
of a material’s reflectivity in sunlight conditions. A
material’s initial solar reflectance often weathers over
time to a relatively stable aged solar reflectance.90
Green roofs generally have a lower albedo than white
or cool roofs (on the order of 0.25 or 0.3, which is still
more reflective than traditional tar or gravel roofs, which
have albedos of 0.08 to 0.18).91 Nevertheless, green
roofs can cool as effectively as the brightest white roof
surfaces; research indicates that vegetation may have a
stronger influence on temperature than the albedo of built
surfaces.92 As a result, the “equivalent albedo” of green
roofs, accounting for latent heat loss from evaporative
cooling, generally falls between 0.7 and 0.85.93

n 	Our

analysis assumes, at the high end, that 50 percent of
all existing rooftops for selected categories of development
will have either green roofs or cool roofs installed; at
the low end, our estimate is 30 percent. For cool roofs
in particular, which can be added to a wide variety of
buildings and roof types, 50 percent does not represent
an upper bound for coverage area, and the percentage
of roofs employing this technology could actually be
significantly higher. The analysis further takes into account
the percentage of existing buildings that use either central
or room air-conditioning (up to 65 percent of residential
buildings and roughly 75 percent of commercial and
institutional buildings) such that installing a green roof
or cool roof would provide an energy savings benefit.96

Emittance (also called thermal emittance) is the amount
of absorbed heat that is radiated from a roof, expressed
as a number between zero and one. The higher the value,
the better the roof radiates heat. Higher emittances
help to keep building interiors cool and to lower energy
demands.

n 	Consistent

with the range of observed and modeled
building-cooling savings discussed above, our analysis
assumes in its high-end estimate that both green roofs
and cool roofs will result in a cooling energy savings of 25
percent on the top floor below the roof and, for building
types likely to have multiple stories (e.g., high rises, multiunit residential housing, office buildings), a 10 percent
savings on the second floor below the roof. In our low-end
estimate, to account for the potential that evaporative
cooling may be reduced during dry summer months and
the possibility that cool roofs may weather over time and
reflect less solar energy, the analysis assumes a cooling
energy savings of 15 percent on the top floor below the
roof and 5 percent on the second floor below the roof.

Solar reflectance index (SRI) is a measure of a surface’s
ability to stay cool in the sun. It is defined so that a
standard black surface has an SRI of 0 and a standard
white surface has an SRI of 100. SRI is calculated from
solar reflectance and thermal emittance.
Adapted from California’s “Flex Your Power” website.94

n 	Our

analysis assumes an average annual retail rate for
electricity in Southern California of 13 cents/kWh97 and an
emissions factor of 0.286 kg CO2 per kWh of electricity.98

Table 1: Electricity, cost, and greenhouse gas emissions savings per year, assuming coverage of 50 percent (high) or 30 percent
(low) of existing Southern California rooftops

Scenario

Roof Area
(square feet,
in millions)

Roof Area Over
A/C Space (square
feet, in millions)

Direct Elec. Savings
(in thousands
of MWh)

Cost Savings
($, in millions)

CO2 Reductions
(in thousands of
metric tons)

High

9,055

6,067

1,625

211

465

Low

5,433

3,640

565

73

162
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Using the high-end estimate, installing green roofs or cool
roofs on 50 percent of existing rooftop surfaces for selected
development types across urbanized Southern California
would result in direct electricity savings on the order of 1.6
million megawatt-hours per year, the removal of hundreds
of thousands of metric tons of CO2 equivalent from the
atmosphere, and a cost savings of up to $211 million for
the region. The energy saved would be enough to power
more than 127,000 single-family homes in California; the
CO2 reductions would be equivalent to removing more than
91,000 cars from the road each year.99
These results are conservative in that they assume only
a low potential area of coverage, particularly for cool roofs.
Moreover, for both green roofs and cool roofs, they do not
account for the indirect electricity and GHG savings that
could be achieved from a reduced need for building cooling
due to an overall reduction in ambient urban temperatures or
from increased air conditioning efficiency. This latter benefit
is discussed below. Nor do these results account for potential
reductions in heating energy required for buildings due to the
insulating effects of a green roof, which can be substantial.100

Installing Green Roofs and Cool Roofs on
Only New Development and Redevelopment
Even adopting policies that would require installing
green roofs or cool roofs only on new development and
redevelopment projects, rather than on the entire existing
built environment, would offer substantial benefits over time.
Table 2 shows the potential annual electricity savings, cost
savings, and GHG emissions reductions that could result
from requiring green roofs or cool roofs to be installed on
new development and redevelopment projects in Southern
California, where feasible, over the next 23 years by 2035.
This model again assumes a conservative rate of installation
for both green roofs and cool roofs compared with what
is likely possible: 50 percent of all new or redevelopment
roofs in the high-end estimate and 30 percent of all new or
redevelopment roofs in the low-end estimate.

Reducing the Urban Heat Island Effect
Studies have consistently shown that installing green
roofs and cool roofs across urban landscapes can play a
significant role in reducing the urban heat island effect.
For example, one study found that adding irrigated green
roofs to 50 percent of the available roof space in Toronto
would reduce ambient air temperatures citywide by up
to 3.8°F (2°C). Even non-irrigated green roofs would have
a substantial effect, reducing city temperatures by 1.4°F
(0.8°C).101 Studies simulating widespread cool roof adoption
in Los Angeles have shown reductions in urban ambient
temperatures on the order of 1° to 3.5°F on hot summer
afternoons.102 Lowering temperatures citywide results in
significant air quality improvements and cooling energy
savings. Simulations have predicted, for example, a reduction
in population-weighted smog in Los Angeles of 10 to 12
percent resulting from a 2.7° to 3.6°F reduction in ambient
temperature. For some scenarios, that is comparable to the
effect of replacing all gasoline-powered vehicles with electric
models.103
Further, as discussed above, cooling ambient air
temperatures both locally on the roof surface and on a
citywide basis may produce a secondary cooling benefit:
The lowered temperatures can increase the efficiency of
roof-mounted central air-conditioning systems whose air
intakes are located near the green roof or cool roof.
Finally, cool roofs may help to cool the earth itself by acting
as mini-reflectors and reducing the balance of heat in our
atmosphere, directly counteracting the effects of greenhouse
gases.104 Like the polar ice caps, higher-albedo roofs reflect
energy out of the atmosphere and thereby have the potential
to result in a cooler planet.105 By making use of white or
light-colored aggregate in soil matrices, green roofs may be
able to be designed to contribute some of this same benefit.

Table 2: Annual electricity savings, cost savings, and greenhouse gas emissions savings in 2035 in Southern California, assuming
coverage of 50 percent (high) or 30 percent (low) of rooftops on new development and redevelopment only

Scenario

Roof Area
(square feet,
in millions)

Roof Area Over
A/C Space (square
feet, in millions)

Direct Elec. Savings
(in thousands
of MWh)

Cost Savings
($, in millions)

CO2 Reductions
(in thousands of
metric tons)

High

5,077

3,402

1,007

131

288

Low

3,046

2,041

350

46

100
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In all, substantial opportunity exists to use green roofs and
cool roofs to reduce the urban heat island effect in Southern
California. While we do not quantify those additional benefits
here, they would be additive with the electricity and GHG
savings resulting from reduced need for building cooling
calculated above, and in combination could provide a strong
means of protecting California and its water resources against
the impacts of climate change and rising temperatures.

Additional Benefits—Carbon Sequestration
Green roofs reduce the amount of carbon dioxide in the
atmosphere through carbon sequestration. This is the
removal of carbon dioxide and other forms of carbon
from the air by plants through photosynthesis and the
storage of that carbon in the plants and the soil in which
they grow.120 Researchers at Michigan State University
concluded that green roofs sequester approximately
1.52 metric tons of carbon per acre over the two
years of the study (375 grams of carbon per square
meter).121 According to their findings, if all 36,409 acres
of commercial and industrial rooftops in the Detroit
metropolitan area were greened, over a two-year period
their plants and growing media together would sequester
55,252 metric tons of carbon, equivalent to taking more
than 10,000 midsize sport utility vehicles or trucks off the
road for a year.122

Reducing Stormwater Runoff and Pollutant
Loading to Local Waters
Because of their capacity to absorb and delay rainfall runoff,
green roofs can serve as an effective tool for stormwater
management, vastly reducing the quantity of stormwater
runoff and the amount of pollutants that flow into Southern
California’s rivers, lakes, and beaches.106 A green roof with a
layer of soil 3 to 4 inches deep can generally absorb 0.5 to 1
inch of rainfall from a storm event, preventing that volume
of runoff from ever flowing to storm drains and contributing
to surface water pollution.107 For larger storms or backto-back storm events, green roofs can delay runoff even
after they become saturated and no longer absorb water,
substantially reducing peak flow rates that contribute to
stream erosion and flooding.108 By reducing the quantity of
stormwater runoff, green roofs can also reduce strain on
public storm sewer systems and the costs of operating and
maintaining them.109
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Estimated stormwater retention rates for extensive green
roofs across the U.S. are impressive, typically ranging from
40 to 80 percent of total annual rainfall volume.110 A North
Carolina study found that a green roof reduced total annual
runoff from the roof’s surface by 60 percent and reduced
runoff from peak rainfall events by 75 percent; a Portland,
Oregon, study found that an extensive green roof with a soil
depth of 4 inches (10 cm) reduced total runoff by nearly
70 percent.111 In a study in New York, which found only 30
percent annual rainfall retention by an extensive green roof,
the roof was nevertheless able to retain roughly 10.2 gallons
of rainfall per square foot per year, the equivalent of well over
12 inches of rainfall annually. In that case, the study’s authors
theorized that the lower retention value was the result of the
green roof’s modular construction, which both reduced the
volume of soil media and constrained the horizontal flow of
water on the roof.112
Retention of runoff can vary seasonally, with most studies
demonstrating greater retention in summer months when
plants are active and transpire greater volumes of water,
but significant retention will still occur during cooler winter
months. (In Southern California, seasonal variation may be
minimal due to increased rainfall and mild temperatures in
winter and spring.) A yearlong study in Pennsylvania found
that despite the presence of snow and freezing conditions in
winter months, which can reduce green roof performance,
green roofs were still able to retain on the order of 20 percent
of total monthly precipitation.113 During summer months,
nearly all precipitation was retained.114
Table 3 shows the volume of stormwater runoff that could
be retained by green roofs in Southern California under our
various development scenarios. Our high-end estimates
assume, again, that green roofs cover 50 percent of existing
development or will be installed on 50 percent of roofs on
new development and redevelopment occurring by 2035,
and that the green roofs will retain 50 percent of the total
annual rainfall. Our low-end estimates assume that green
roofs cover 30 percent of existing development or will be
installed on 30 percent of roofs on new development and
redevelopment occurring by 2035, and that the green roofs
will retain 35 percent of the total annual rainfall. In either
scenario, the volume of captured water is substantial:
billions of gallons per year, enough to fill more than 54,000
Olympic-size swimming pools in our high estimate for
existing development.
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A green roof’s growing medium and vegetation protect a
roof’s waterproofing layers from temperature fluctuations
and solar radiation and can extend their useful life by 20
years or more, avoiding or delaying replacement costs.124
A study from Germany reported that green roofs in Berlin
have flourished for as much as 90 years with minimal
repairs and upkeep.125 As a result, a net present value
analysis determined that over a 40-year period the cost of
an extensive green roof would be 20 to 25 percent less than
the cost of conventional roofing,126 without even considering
the cost savings from reduced building cooling energy use.
Moreover, a recent study of stormwater mitigation controls
in New York concluded that, of the practices considered,
green roofs represented the most cost-effective means of
retaining storm-water runoff and preventing combined sewer
overflows in the city—and that the green roofs would provide
additional positive benefits beyond stormwater mitigation.127
Studies tend to agree that initial construction costs of
green roofs are greater than those of conventional roofs,
though they differ greatly as to the extent of the increased
cost. Estimates generally range from $10 to $25 or more per
square foot for green roof installation.128 The city of Portland,
Oregon, estimates that the installation cost of a green roof
ranges from 5 to $20 per square foot.129 A second Portland
study assumed construction costs for a basic extensive green
roof were $5.75 per square foot greater than for conventional
roofing,130 while an analysis in New York assumed an
average cost of roughly twice that of a conventional
roof ($18 per square foot for a green roof versus $9 for
conventional roofing).131 Although neither conventional
roofs nor green roofs (once plants are established) typically
require significant maintenance, on average, green roofs
may require slightly more maintenance than conventional
roofs, including weed removal, irrigation, and plant care.
Nonetheless, estimates comparing maintenance costs of
extensive green roofs and conventional roofs have found no,
or low, cost differences. Maintenance estimates range from
$0.20 to $1.25 per square foot per year for a green roof and
$0.10 to $0.25 for conventional roofs.132 Green roofs also may
reduce costs for maintenance by protecting the roof surface
from human traffic, dust, and debris.
Cool roofs, as a less intensive option for development, are
cost-competitive with conventional roofing, with prices on
par with traditional roofs or ranging up to about $0.20 per
square foot more, depending on roof type.133 Like green roofs,
cool roofs also can extend the lifetime of roofing membranes
due to dramatic reductions in surface temperature
fluctuations.134 In air-conditioned buildings, any incremental
costs of cool roofs are quickly recouped due to lower energy
bills and other cost savings.135

Table 3: Green Roof Stormwater Retention
Roof Area
(square feet,
in millions)

Annual Rooftop
Runoff Captured
(gallons, in billions)

High—existing
(50% capture)

9,055

36.1

Low—existing
(35% capture)

5,433

15.2

High—2035
(50% capture)

5,077

20.0

Low—2035
(35% capture)

3,046

8.4

Scenario

Green roofs can also filter pollutants from runoff, though
research results regarding pollutant loading are mixed and
inconclusive.115 Broadly, a study by the U.S. EPA found
that “green roof runoff appears similar to what might be
expected as leaching from any other planted system in the
landscape.”116 Runoff from green roofs contained nitrate in
concentrations that were similar to what would be found in
traditional roof runoff, but there were higher concentrations
of nutrients such as phosphorous and potassium, as well
as of calcium and magnesium.117 The study noted that
concentrations of nutrients may decrease with time after the
initial fertilization of growing plants is completed, and that
“newly planted roofs are likely to have much higher runoff
loading rates than established roofs” in general.118 Installing
green roofs that do not require fertilization is one means of
significantly reducing potential pollutant loading rates.
Further, the study found that, while concentrations of
some pollutants may be higher in green roof runoff than in
runoff from traditional roofs, the overall pollutant load was in
many cases lower, since the green roofs produced only about
50 percent of the runoff of traditional roof surfaces.119 Thus,
while care needs to be taken to ensure that green roofs are
not over-fertilized or over-irrigated to produce unnecessary
or wasteful runoff, they can serve as a tool for reducing the
pollution entering local surface waters.

The Cost of Green Roofs
and Cool Roofs
Both green roofs and cool roofs are cost-effective over
their effective lifetimes when compared with traditional
roofs. Although the construction and annual operation
and maintenance costs of green roofs may exceed those
of conventional roofs in the short run, green roofs
have demonstrated longevity that is superior to that of
conventional roof surfaces (on the order of two to three
times), and the long-term costs associated with conventional
roofs often exceed those of extensive green roofs.123
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CONCLUSION AND POLICY RECOMMENDATIONS
© California Academy of Sciences

A green roof on the California Academy of Sciences Building in San Francisco

Green roofs and cool roofs offer the potential to improve
the sustainability of urban areas in Southern California,
protecting water resources and improving air quality
by reducing the use of electricity for building cooling
and resulting GHG emissions. Green roofs also offer the
opportunity to greatly reduce the volume of stormwater
runoff from rooftop surfaces, which can pick up and carry
pollution to rivers, lakes, and beaches. While green roofs
and cool roofs are increasingly finding acceptance in the
urban environment, they are often overlooked as a solution
to environmental challenges, particularly those related to
water resources, because their benefits are not widely known.
However, several policy options and incentives can be used to
promote use of green roofs and cool roofs.

|

Provide incentives for residential and commercial
private-party use of green roofs and cool roofs
n 	Permitting

incentives: Installing roofs in smart growth,
infill, redevelopment, or even re-roofing projects can entail
substantial permitting requirements. To reduce barriers
to green roof or cool roof construction and conversions,
communities can offer advantages in the permitting
process to projects that incorporate green roofs or cool
roofs. For example, fast-track permitting procedures have
been instituted for buildings with green roofs in Chicago.136
Alternatively, communities often offer permitting bonuses
to projects incorporating green infrastructure practices:
Chicago gives density and building height bonuses for
projects with green roofs in the city’s business district,137
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Provide guidance or other affirmative assistance
for green roof and cool roof projects

and Portland, Oregon, has offered developers proposing
buildings in the Central City Plan District floor-area
bonuses if a green roof is installed.138 Communities can
also reduce or waive certain permit fees for green roof
or cool roof installations. These permitting advantages
provide an incentive for smart practices at little or no cost
to the local government.

n 	Through

guidance and policy reform, cities should
proactively promote the use of green roofs and cool roofs
to provide cooling energy savings, and green roofs to
provide stormwater volume reduction benefits. Guidance
includes demonstration projects, planning workshops,
and technical manuals. Other assistance may include
identifying and overcoming code and zoning barriers.
Green roofs and cool roofs may individually 143reduce
a relatively small portion of urban or suburban cooling
energy use, and green roofs may individually manage only
a relatively small volume of urban stormwater runoff, but
collectively their installation can have a significant impact.
As a result, cities should provide their residents with the
knowledge and tools necessary to achieve their widespread
installation.

n 	Financial

incentives: Construction or re-roofing projects
often entail substantial permitting fees139 and other costs.
To incentivize installation of green roofs and cool roofs,
communities can reduce or waive these fees for green roof
or cool roof projects. Communities can also implement
grant programs that directly pay for the installation of
green roofs or cool roofs on private land, or they can adopt
tax rebate programs for green roofs and cool roofs that
indirectly finance the cost of installation.

Adopt stormwater pollution control standards
that require on-site volume retention
n 	The

growing interest in use of green roofs is partially driven
by their utility for stormwater pollution management.
On-site stormwater volume retention requirements that
reduce pollution of surface waters are also effective at
encouraging the use of green roofs. Adopting stormwater
standards that focus on the volume of discharges is often
the first step in developing more protective water quality
regulations and promoting sustainable use of water
resources.

n 	The

Environmental Protection Agency is planning to
reform the minimum requirements applicable to urban
and suburban runoff sources nationwide. This is a oncein-a-generation opportunity to ensure that runoff sources
across the country have modern pollution controls—
which, in the case of urban runoff, is green infrastructure.
If these national standards are sufficiently rigorous, they
will help expand the use of green roofs. Additionally,
regional permits and water quality improvement plans
developed under the current federal requirements,140 as
well as statewide regulations and local ordinances,141 offer
strong opportunities to implement requirements to retain
runoff on site, which in turn promotes the use of green
roofs to absorb rainfall. Local ordinances and building
codes can also set specific targets for installation of green
roofs and cool roofs.

Adopt and implement stormwater fee and
rebate programs
n 	Implementing

a parcel-based stormwater fee can provide
cities with funding to address stormwater using green
infrastructure practices on a regional level. Implementing
a concurrent rebate program for practices that reduce
stormwater runoff can, in turn, incentivize private
investment in making green infrastructure improvements
like installing green roofs and can reduce strain on
municipal stormwater infrastructure. In particular,
stormwater rebate programs can provide strong incentives
for property owners to retrofit existing development that
might otherwise contribute to stormwater runoff pollution
and flooding, gaining benefits in terms of building cooling
energy at the same time.

Fully Fund the U.S. EPA Clean Water State
Revolving Fund
n 	Green

roof projects and programs may be eligible to
receive support via the Clean Water State Revolving
Fund. This fund provides critical assistance for projects
that repair and rebuild failing water and wastewater
infrastructure, and it has increasingly focused on green
infrastructure projects in recent years. Given the clear
benefits that practices such as green roofs can provide to
the community, Congress should ensure that this program,
which has been the unfortunate target of cuts during
recent federal budget debates, is fully funded.
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APPENDIX A: Additional Assumptions
and Variables in Study Methodology
Selection of Study Areas

Land Use Analysis and Impervious
Surface Cover

In assessing the potential for energy and stormwater
reduction benefits from green roofs and cool roofs, this study
focused on urbanized Southern California. The study area
includes San Diego County, Orange County, and portions of
Ventura, Los Angeles, San Bernardino, and Riverside counties
(Figure A1). The study area is loosely defined by the Topatopa
Mountains to the northwest, the San Gabriel Mountains and
San Bernardino Mountains (which form a border between
greater Los Angeles/San Bernardino and the Mojave Desert)
to the north, and the San Jacinto Mountains to the east.
This region represents one of the most heavily urbanized
and developed regions of California, and approximately 50
percent of the state’s residents live there.1 Despite recent
economic conditions, this area is projected to see substantial
population growth accompanied by development and
redevelopment2 that could incorporate green roofs and cool
roofs to maximize energy savings and stormwater pollution
reduction benefits.

After establishing the study area boundaries, we conducted
a GIS-based land use study of each area, broken down by
county, to determine the total area occupied by each land use
type—e.g., single-family residential home, high-rise office
building, park-and-ride lot, and so on.3 We then limited our
analysis to selected residential, commercial, and government
or public land use types. For Los Angeles County, data for
area covered by buildings (roof surface area) was provided by
the county from a digital surface model derived from LiDAR,
applied to a digital ground elevation model to calculate
building footprints.4 For other counties within the study area,
we calculated the average percentage of impervious surface
cover, based on U.S. Geological Survey National Land Cover
Database (NLCD) data, for each land use category. We then
calculated the percentage of surface area covered by roads or
streets for each land use category and subtracted this from
the calculated impervious surface cover in order to determine
building coverage. There is potential for the resulting
impervious surface area to include coverage by parking lots,
pathways, or other non-building structures in addition to
the area assigned to building spaces. However, we found that
our analysis significantly underrepresented the area covered
by buildings for Los Angeles County in comparison with the
county’s LiDAR derived digital ground elevation model and
thus was conservative in that regard.

Figure A1: Map of land use within the study area
Palmdale

VENTU RA
COUNTY

Victorville

LOS ANGELES
COUNTY

@
Santa
Clarita

SAN BERNARDINO
COUNTY

Ventura
Oxnard

}

}

C

I

Riverside

@
N

San
Bernardino

B

Los Angeles

B

Anaheim

Long
Beach

Santa Ana

Palm
Springs

ORANGE
COUNTY

C

Hemet

Temecula

@

RIVERSIDE
COUNTY

LAND USE - SO UTHERN CALIFO RNIA REGION
Land Use Type:

Oceanside

Single-Family Residential

Industrial

Multi-Family Residential

Transportation
Other Urban

Education/Institutional

Open/Vacant

Commercial

Water

@

Study Area Boundary

A

San
Diego

0

12.5

SAN DIEGO
COUNTY

Escondido

Government/Healthcare/Public Use

Land use data based on SCAG 2005 and SANDAG
2007 land use datasets. Map created by GreenInfo
Network, January 2009.

C

Chula
Vista

Miles
25

M EXI CO

Source: NRDC et al., 2009.

|

PAGE 27 Looking Up

Development and Redevelopment:
New Construction and Changes to
the Existing Built Environment

Energy Savings by Development
Category

Available roof surface area for new development was
calculated based on projected residential unit demand
and non-residential space projections for 2035 for each
county included within the study area. These projections
were based on data provided by the Southern California
Area Governments (SCAG) and San Diego Association of
Governments (SANDAG), as analyzed by the Urban Land
Institute,5 as well as on national-scale land use data.6
Projected annual development rates for counties
represented by SCAG were calculated as: 3.6 percent
(multifamily housing units), 2.8 percent (townhouse/plex),
3.5 percent (small single family), zero or negative (large/
rural single family), and 0.9 percent (non-residential).7
Projected annual rates for SANDAG were calculated as 2.2
percent (multifamily housing), 3 percent (townhouse/plex),
4.9 percent (small single family), zero or negative (large/rural
single family), and 1.4 percent (non-residential).8
For counties represented by SCAG, the land use category
designated as “high-density single family residential” is
characterized as containing development of single family
residences with a density greater than 2 units per acre. This
density falls between the small single family and large/
rural single family projection categories identified in the
Urban Land Institute report. (For SANDAG, the single family
detached category is similarly situated.) As a result, we have
used an average of development rates from the Urban Land
Institute report (equivalent to 1.75 percent for SCAG and
2.45 percent for SANDAG) to calculate new development for
single family homes here. Further, while we recognize these
projections represent a shift in development patterns toward
an increase in the number of units per acre or in density of
development overall, there is the potential for the amount of
land or area used per unit within each land use designation
to decrease over the period of the study as well. To maintain
our conservative approach to this analysis, we assume that,
on average over the 23 year study period, each category
of land use will occupy 20 percent less land for new
construction as compared with existing land use patterns—
e.g., if the current average density for existing multi-family
housing is 10 units per acre, we assume over the course of
the study that a 10 unit multi-family structure would occupy
only 0.8 acres of land.
Projected redevelopment rates were calculated based on
an annual “loss rate” of 0.59 percent for residential structures,
and 2.22 percent for non-residential structures.9
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Energy savings for each land use category were calculated
based on electricity use rates for space cooling reported by
the California Energy Commission: residential (average of
0.49 kWh/ft2/year);10 retail commercial (2.21 kWh/ft2); office
space (average of 3.23 kWh/ft2); warehouse (0.33 kWh/ft2);
school (1.17 kWh/ft2); college (1.91 kWh/ft2); lodging (2.41
kWh/ft2); and restaurants (5.76 kWh/ft2).11 Air conditioning
saturation, such that installing a green roof or cool roof
would provide an energy savings benefit, was estimated to
be 65 percent for residential buildings and 75 percent for
non-residential buildings.12

Rooftop Runoff Volume
Impervious surface runoff from development for all land use
types was calculated on the basis of average rainfall compiled
from the Natural Resources Conservation Service (NRCS)
1971–2000 data set and averaged across total roof space
for each of the designated land uses to determine the total
volume of annual impervious surface runoff from roofs in
the current distribution of specified land use types within the
study area.13 For calculating rooftop runoff retained by green
roofs over conventional roof surfaces, we employed a runoff
coefficient for rooftop surfaces of C = 0.9, meaning 90 percent
of rainfall on roof surfaces will occur as runoff. Runoff
coefficients for rooftop surfaces are generally estimated to
vary between 0.75 and 0.95, reflecting differences in how
materials, slope, and other variables of rooftop construction
may affect runoff.14 Stormwater management agencies
in California commonly differ in their selection of runoff
coefficients. For example, the city of Salinas bases rooftop
runoff on a coefficient of 1.0, whereas the Santa Clara Valley
Urban Runoff Pollution Prevention Program works at the
low end of generally accepted values, using a coefficient
of 0.75.15,16 However, many architectural and engineering
experts treat rooftop runoff as occurring at the higher end
of the accepted range, stating, for example, that “a built-up
roof is considered to have a runoff coefficient of 0.95; in other
words, about 95 percent of the water hitting a conventional
roof will leave the surface and needs to be accounted for in
the design of the building’s storm-water system.”17 Moreover,
many states and municipalities use a coefficient of 0.9 to
determine runoff volumes from rooftop surfaces.18 As a result,
we find a coefficient of 0.9 to represent a reasonable estimate
for rooftop-runoff collection potential.
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APPENDIX B: GIS DATA SOURCES AND METHODOLOGY

Table B1: GIS Data Sources
Data Layer

Source

Type

Scale

Date

Description

Imperviousness

National Land Cover
Database (NLCD)
Imperviousness Layer,
U.S. Geological Survey

Raster

30 m cell size

2001

Estimates impervious surface
coverage as a percent
imperviousness (0-100%)
by 30-m cell.

Land use—Solar potential
for Los Angeles County

County of Los Angeles
2006 Solar Radiation
Model (http://solarmap.
lacounty.gov)

Polygon

5ft x 5ft
grid cells
aggregated to
the LA County
parcel GIS
database

2006

Total roof area and area suitable
for solar by parcel, based on
total amount of incoming solar
insolation (direct—diffuse)
calculated for each 25-sq-ft cell
across LA County.

Land Use – Los Angeles,
Orange, Riverside, San
Bernardino, Ventura
Counties

Existing Land Use,
Southern California
Association of
Governments (SCAG)

Polygon

Minimum
2-acre mapping
unit

2001 and 2005

Aerial-based existing land use
survey across SCAG region.

Land Use –
San Diego County

Existing Land Use, San
Diego Association of
Governments (SANDAG)

Polygon

Unspecified

2000 and 2007

San Diego County land use
information based on aerial
photography, County Assessor
Master Property Records file,
and other ancillary information.

Roads

U.S. Detailed Streets,
StreetMap USA, ESRI

Line

1:50,000

2000

Enhanced TIGER 2000-based
streets dataset, with road type
classification.

Precipitation

PRISM Average
Annual Precipitation,
U.S. Department of
Agriculture, Natural
Resources Conservation
Service

Raster

30 arc-second

1971-2000

Average annual precipitation
for the climatological period
1971-2000, interpolated from
station data.

GIS Processing Steps

3.	Calculate zonal statistics using the combined 2000/01 land
use layer (from Step 2) as zones and the imperviousness
grid as values, at a 10-m cell resolution. This process yields
a table of mean imperviousness (percent impervious
surface) by zone, where each zone is a unique county/land
use type combination.

Impervious Surface Analysis:
NOTE 1: To estimate road area from linear features, we apply
approximated average road widths by road type (e.g., local
road vs. highway).

4.	Combine the 2005 (SCAG) and 2007 (SANDAG) land use
layers and create a unique zone field that combines the
county name and the land use type.

1.	Buffer streets layer based on road type. For road classes
0, 1, 2, and 3 assign a buffer of 48ft (96ft total width) and
for classes 4, 5, 6 assign a buffer of 24ft (48ft total width).
Classes 7, 8, and 9 are dropped from the analysis.

5.	Create a summary table based on the 2005/07 land use
attribute table (from Step 4) that summarizes total area by
the combined county/land use type zones.

NOTE 2: Since the imperviousness dataset is from 2001, we use
land use data from circa 2001 to calculate mean impervious
percents by land use type, then apply these mean percents
to the more recent land use dataset to determine “current”
impervious area.

6.	Intersect the land use 2005/07 layer (from Step 4) with the
roads buffer layer (from Step 1) and update area values.
7.	Create a summary table of the intersected land use and
road buffer layer (from Step 6) by the unique county/land
use type field, summarizing total area.

2.	Combine the 2001 (SCAG) and 2000 (SANDAG) land use
layers and create a unique zone field that combines the
county name and the land use type.
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8.	Apply the mean imperviousness percent calculated for the
2000/01 county/land use type zones (from Step 3) to the
total area within each matching county/land use type zone
in the 2005/07 land use layer (from Step 5). This process
yields the “current” estimated impervious area within each
unique county/land use type zone
9.	Subtract the total road buffer area (from Step 7) from the
impervious surface area (from Step 8) for each county/land
use type zone. This calculation yields the total non-road
impervious area in each county by land use type.

Precipitation Analysis:
1.	Calculate zonal statistics using the land use layer from
2005/07 (from Impervious Surface Analysis Step 4) as
zones and the precipitation grid as values, at a cell size of
10m. This process yields a table of mean precipitation by
zone, where each zone is a unique county/land use type
combination.

Solar Data Analysis:
NOTE: To convert the parcel-based solar suitability values
to a raster for generating statistics by land use zone, we first
normalize the absolute building and solar areas by parcel
area, then convert to raster cells.
1.	Dissolve the parcel polygons by parcel ID number (AIN),
resulting in multipart polygons where an AIN may have
multiple, separate polygons. This step is necessary to avoid
incorrect area calculations for discontinuous properties
(since solar data is aggregated to a parcel unit and not a
physical polygon). Update area values.
2.	In the dissolved parcel layer (from Step 1), divide Building
Area and Optimal Area data fields by polygon area to
yield Fraction Building Area and Fraction Optimal Area.
If a fraction is greater than 1 (due to rounding in earlier
processing), set to 1.
3.	Multiply both fractions by 1000 and convert to integer for
conversion to grid.
4.	Convert dissolved parcel layer to two 10m-cellsize grids,
one for Fraction Building Area x 1000 and one for Fraction
Optimal Area x 1000.
5.	Calculate zonal statistics using the 2005/07 land use data
layer (from Impervious Surface Analysis Step 4) as the
zone coverage and the two solar grids (x1000) as the value
grids. This process yields two tables of (a) mean fraction
building area and (b) mean fraction solar area by county/
land use type combinations. Divide results by 1000 for final
summary statistics.

|

PAGE 31 Looking Up

