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THE SUSTAINABLE SITES INITIATIVE

EXECUTIVE SUMMARY

Introduction

This Preliminary Report on the Standards and Guidelines for Sustainable Sites™ is the
first report of the Sustainable Sites Initiative, an interdisciplinary partnership to develop
national, voluntary standards and guidelines for sustainable land development and
management practices as well as metrics to assess site performance and a rating system
to recognize achievement. The Sustainable Sites Initiative is a partnership of the
American Society of Landscape Architects, the Lady Bird Johnson Wildflower Center,
the United States Botanic Garden, and a diverse group of national stakeholder
organizations.

Landscapes provide valuable services such as climate regulation, clean air and water, and
improved quality of life. However, conventional land practices often limit, rather than
enhance, the ability of landscapes to provide these important services. The Sustainable
Sites Initiative was founded to address this concern and investigate and define
sustainability in land development and management practices.

The Sustainable Sites Initiative is in the process of developing the Standards and
Guidelines for Sustainable Sites. The purpose of this Preliminary Report is to provide a
snapshot of the first findings of the initiative with the intention of collecting feedback
from professionals and stakeholders. This report is the work of a broad-based and
diverse group of experts in the fields of landscape architecture, horticulture,
conservation, sustainable design, civil and environmental engineering, ecology,
hydrology, forestry, soils, planning, public health, outdoor recreation, and other
disciplines. It is based on a thorough and comprehensive review of the science available
on sustainability as well as best practices in the industries involved.

The U.S. Green Building Council, a major stakeholder in the initiative, has committed to
incorporating these guidelines and standards into the future evolution of the LEED®
(Leadership in Energy and Environmental Design) Green Building Rating System™.

Many local and regional efforts now provide guidelines for improved land development
and management practices. Sustainable Sites recognizes the importance and relevance of
these programs and is interested in information sharing and partnering.

Preliminary Report on the Standards & Guidelines
Sustainable Sites Initiativer



It is critical to receive knowledge and input from other professionals and stakeholders to
ensure that the products of the Sustainable Sites Initiative are relevant to those who
influence land practices. For that reason, the Sustainable Sites Initiative invites
comment, input, and additional information during the 45-day review period that will
end January 11, 2008. To join the review process, please go to www.sustainablesites.org.
Feedback will be consolidated and incorporated into the next edition of Standards and
Guidelines.

This report is presented in the following format:
. Chapter One provides a brief history of the initiative and outlines the
timeline for this five-year project, which will include pilot projects as well as
Standards and Guidelines, a Rating System, and a Reference Guide.

. Chapter Two describes the Guiding Principles for the initiative, including
shared values that drive integrated decision-making.
. Chapter Three describes the role of soils, hydrology, vegetation, and

materials in providing essential services to humankind and other organisms --
ecosystem services. It also details ways natural environments can enhance
human well-being. This chapter also identifies current land practices that can
degrade or prevent a site from providing ecosystem services.

. Chapter Four describes land practices that maximize benefits from soils,
hydrology, vegetation, and materials and enhance human well-being. It
includes goals, strategies, tools, and measures of success for achieving site
sustainability.

. Chapter Five contains the timeline for developing products of the
Sustainable Sites Initiative, which include the following:

o Standards and Guidelines—updated version to be released in October
2008, final report to be completed by May 2009

0 Rating System—May 2011

o0 Pilot Projects—2010 through 2012

0 Reference Guide—May 2012

Recommendations

This report makes three overarching recommendations for sustainable land development
and management: 1) assemble a group of knowledgeable and diverse professionals to
form an integrated project team, 2) prior to making decisions, conduct a complete and
thorough assessment of the site, and 3) integrate land practices that replicate the
functions of healthy ecological systems.

Conclusions

Sustainable land practices can support the functions of healthy systems and harness
natural processes to provide environmental benefits. The Sustainable Sites Initiative is
aimed at providing the land development and maintenance industries with the tools to
move toward a more sustainable future.

Preliminary Report on the Standards & Guidelines
Sustainable Sites Initiativer
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CHAPTER ONE

Introduction to the Sustainable Sites Initiative™

The Sustainable Sites Initiative is an interdisciplinary partnership between the American
Society of Landscape Architects, the Lady Bird Johnson Wildflower Center, the United
States Botanic Garden, and a diverse group of national stakeholder organizations to develop
standards and guidelines for site sustainability. This initiative grew from concerns that
conventional land development and management practices often limit, rather than enhance,
the ability of landscapes to benefit humankind and other organisms by providing valuable
ecosystem services.

The Sustainable Sites Initiative was founded in 2005 to create a mechanism that will guide,
measure, and recognize sustainable land practices on a site-by-site basis. Like buildings,
landscapes can conserve resources or degrade and waste them. However, landscapes are
unique in that they also have the additional capacity to enhance and regenerate natural
resources. Because a sustainable site can provide ecosystem services, it can actually improve
environmental quality rather than simply minimizing the damage to natural systems. The
standards developed through Sustainable Sites™ will be based on the best available science
and research, a thorough understanding of healthy systems, and the best practices that
permit built landscapes to support natural ecological functions.

The Sustainable Sites standards will be integrated with existing green building and landscape
guidelines and rating systems and also serve as a stand-alone tool. The U.S. Green Building
Council (USGBC) supports the Sustainable Sites Initiative and will incorporate Sustainable
Sites standards and guidelines into future versions of the LEED® (Leadership in Energy and
Environmental Design) Green Building Rating System™. The Sustainable Sites Initiative
welcomes collaboration with individuals or organizations working toward similar goals.

This preliminary report summarizes the initial efforts and findings of the Sustainable Sites
Initiative. Please note the terms used in this report and their intended meanings:

A Landscapes - the visible features of an area of land, including physical elements
such as landforms, living elements of flora and fauna, abstract elements such as
lighting and weather conditions, and human elements such as human activity or the
built environment.

A Land development and management practices - all land-related practices
involved in the development and management of a site, including design,
construction, operations, and ongoing maintenance. For simplicity purposes in this
report, these are described as “land practices.”

A Site - a contiguous area of land upon which a project is developed or proposed for
development; an area of property that is experiencing land development and
management.

1
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Definition of Sustainability
For the purpose of this initiative, site sustainability is defined as design, construction,
operations and maintenance practices that meet the needs of the present without
compromising the ability of future generations to meet their own needs.

VISION

All site-related design, construction, operations and maintenance practices link natural and
built systems to achieve balanced environmental, social, and economic outcomes, with the
goal of improving the quality of life and the long-term health of communities and the
environment.

PURPOSE

Establish Sustainable Sites as the standard which recognizes and provides direction for
achieving sustainable land development and management through the creation and
implementation of clear and rigorous design, construction, operations, and maintenance
criteria.

GOALS for the Sustainable Sites Initiative

1. Establish standards for site-related planning, design, construction, operations,
and maintenance practices that include clearly defined, measurable benchmarks for
sustainability.

a. Establish quantitative metrics to link sustainable land practices with ecosystem
services such as climate regulation, biodiversity, and clean air and water.

b. Test performance benchmarks to define and measure the desired relationships
between natural and built systems.

2. Link research and practice so that knowledge gained strengthens and supports
both. Develop and advance best practices in order to gain broad public acceptance
and accelerate change in the marketplace.

3. Transform the market with incentives that encourage adoption of sustainability
standards.

a. Integrate Sustainable Sites into existing land development and management
tools.

b. Explore options for developing a certified stand-alone site rating system.

c. Promote awareness of best practices and sustainability standards and their
relevance in the marketplace.

d. Identify and quantify costs and benefits associated with best practices in lieu of
conventional practices.

e. Assess and quantify the value of ecosystem services preserved or gained through
sustainable site practices.

4. Drive decision-making in land development and management practices by
incorporating economics, the environment, and human well-being.

2
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Intended Audience

The products of the Sustainable Sites Initiative provide tools for the land development and
management industries to create positive change and lead the way to a sustainable future.
The standards and guidelines are available for those who influence land practices to address
increasingly urgent global concerns such as climate change, loss of biodiversity, and resource
depletion. Sustainable Sites is intended to stimulate an open dialogue among a broad and
diverse group of stakeholders.

Potential Project Types

Sustainable Sites standards and guidelines will apply to sites with and without buildings.

A Sites with buildings. To achieve sustainability, there should be a reciprocal
relationship between buildings and their surrounding landscape. Types of
sites include, but are not limited to, the following:

0 industrial and office parks
governmental and medical complexes
public and private gardens
streetscapes and community plazas
residential and commercial sites
public and private campuses

Z00s

O OO0 0O 0O

A Sites without buildings. These may be landscape-intensive sites that
existing green building standards do not fully address. Buildings are often a
part of these sites but are not the focus. Types of sites include, but are not
limited to, the following:

0 local, state and national parks

O recreation areas

O conservation easements and dedicated open spaces
0 transportation rights-of-way

Timeline and Process

History

The need for site sustainability standards was noted in 2002 at the first USGBC Greenbuild
conference in Austin, Texas. Soon after, the American Society of Landscape Architects
(ASLA) and the Lady Bird Johnson Wildflower Center began independent efforts to achieve
that goal. Both organizations contacted the USGBC, and the USGBC recommended that
they collaborate. The Sustainable Sites Initiative, formerly “SITESS” (Systems Integration
Tool for Environmentally Sustainable Sites), was founded in 2005 by ASLA and the

3
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Wildflower Center, which joined forces to develop national standards for sustainable sites,
building on the work done by the ASLA Sustainable Design and Development Professional
Practice Network initiated in 2003.

The first Sustainable Sites Summit in fall 2005 in Austin attracted representatives from
diverse sectors, disciplines, and regions. At the Summit, they endorsed the effort and added
direction to the project. Soon afterward, ASLA and the Wildflower Center entered into a
Memorandum of Understanding to jointly lead the Sustainable Sites Initiative.

In September 2006, the Product Development Committee was created--a coalition of
stakeholder organizations charged with guiding the development of standards and guidelines
in sustainable site design, construction, operations, and maintenance. In 2007, the U.S.
Botanic Garden joined the initiative as a major partner, and the USGBC agreed to
incorporate the findings of the Sustainable Sites Initiative into future versions of LEED®.

Technical Subcommittees were formed to provide expertise and judgment in four initial
topic areas: soils, hydrology, vegetation, and materials. Each subcommittee consists of six
to eight volunteer experts from different locations and backgrounds. The subcommittees
provide technical expertise and direction on sustainable land practices, measurements and
incentives. Subcommittees are deliberately small so they can communicate frequently and
work rapidly. These subcommittees define attributes of a sustainable site and suggest
regional benchmarks.

Current and Future Reports

This report is a preliminary study — the first of three editions of the initiative’s Standards and
Guidelines. It introduces the Sustainable Sites Initiative and describes investigations into
soils, hydrology, vegetation, materials, and human well-being. This preliminary report uses
expert judgment and peer-reviewed literature as sources of information and identifies topics
for future study. The Sustainable Sites Initiative is now reaching out to the professional
community through the report review process to share knowledge and guide the process.

The initiative uses an iterative process that relies on collaboration and feedback from a
variety of experts, including an extensive group of reviewers as well as Technical
Subcommittee and Product Development Committee members (see the Acknowledgments
page and www.sustainablesites.org for committee participant lists). It is anticipated that
broad participation from professionals, particularly in the review process, will greatly
influence and improve the content of future Sustainable Sites products and reports. The
initiative recognizes that the process requires collaboration by a multidisciplinary group of
experts and citizens.

A more comprehensive version of this report will be ready for review in fall 2008. The final
draft of Standards and Guidelines will be published in May 2009. The completion of two
additional products, a Rating System and Reference Guide, is planned for May 2011 and May
2012. Pilot projects will be conducted in 2010 to 2012 to test the Rating System and develop
the Reference Guide.

4
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CHAPTER TWO

Guiding Principles of the Sustainable Sites Initiative™

As the pace of development accelerates, it becomes increasingly urgent to reduce the harm
done to the environment and to preserve and renew our natural and cultural resources.
Sustainable Sites will provide the information and tools necessary to integrate the functions
of healthy systems and natural processes into land development and management practices,
relying on the best available science and credible professional practice. These principles
reflect the values of the initiative and should be used to guide future site development.

Do No Harm

Make no changes to the site that will degrade the surrounding environment. Promote
projects that occur where there has been previous disturbance or development that
presents an opportunity to regenerate ecosystem services through sustainable design.

Precautionary Principle

Be cautious in making decisions that could create risk to human and environmental
health. Some actions can cause irreversible damage. Examine a full range of
alternatives—including no action—and be open to input from all affected parties.

Design with Nature and Culture

Create and implement designs that are responsive to economic, environmental, and
cultural conditions with respect to the local, regional, and global context.

Use a Decision-Making Hierarchy of Preservation, Conservation, and
Regeneration

Maximize and mimic the benefits of ecosystem services by preserving existing
environmental features, conserving resources in a sustainable manner, and regenerating
lost or damaged ecosystem services.

Provide Regenerative Systems as Intergenerational Equity

Provide future generations with a sustainable environment supported by regenerative
systems and endowed with regenerative resources.

Support a Living Process
Continuously re-evaluate assumptions and values and adapt to demographic and
environmental change.

5
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Use a Systems Thinking Approach

Understand and value the relationships in an ecosystem and use an approach that
reflects and sustains ecosystem services; re-establish the integral and essential
relationship between natural processes and human activity.

Use a Collaborative and Ethical Approach
Encourage direct and open communication among colleagues, clients, manufacturers,
and users to link long-term sustainability with ethical responsibility.

Maintain Integrity in Leadership and Research

Implement transparent and participatory leadership, develop research with technical
rigor, and communicate new findings in a clear, consistent, and timely manner.

These guiding principles are intended to steer the decision-making process toward
innovative and sustainable solutions. Chapter Four, Progressing toward Site Sustainability,

explores ways to implement these principles.
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CHAPTER THREE
Landscapes and Ecosystem Services

Land practices directly impact regional ecosystems and can cumulatively affect global
ecosystems. It is our choice, however, whether these effects are positive or negative. The
sustainable design, construction, operation, and maintenance of a site require an
understanding of healthy systems and natural processes in order to maximize ecosystem
services.

For the purpose of the initiative, a Sustainable Site™ is defined as
one that links natural and built systems to achieve balanced
environmental, social, and economic outcomes to improve quality
of life and the long-term health of communities and the environment.

What Are Ecosystem Services?

The term ecosystem services describes the goods and services provided by healthy
systems— the pollination of crops by bees, bats, or birds, the flood protection provided by
wetlands, or filtration of water by vegetation and soils. Ecosystem services provide benefits
to humankind and other organisms but are not reflected in our current economic
accounting. Nature doesn’t submit an invoice for these services, so humans often
underestimate or ignore their value when making land use decisions.

In recent years, there has been greater understanding of the value of these services and the
way current land practices can imperil such natural benefits as air purification, water
retention, climate regulation, food and raw material production, waste decomposition,
erosion control, genetic resources, and biological habitat. It is difficult and expensive,
sometimes impossible, to duplicate these services once they are destroyed.

Research has attempted to determine the value of these ecosystem services in dollars. The
average combined value of all ecosystem services on the planet has been estimated at $33
trillion dollars.! Even in highly urban settings, the functions of healthy systems can be
imitated and natural processes can be harnessed to provide environmental benefits. For
instance, New York City trees intercept almost 890 million gallons” of rainwater each year,
preventing that much runoff from entering storm sewers and saving an estimated $35
million annually in stormwater management costs alone.”> Urban trees in the Chicago area
filter an estimated 6,000 tons' of air pollutants annually, providing $9.2 million in benefits.?
Similarly, the Street Edge Alternatives (SEA Streets) project in Seattle, designed to replicate

* 3.3 billion liters
5,443 metric tonnes
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natural landscapes, retains 98 percent of stormwater runoff during the wet season (4.7 times
more than a conventional street).*
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Figure 3-1: Different combinations of ecosystem services provided by various types of ecosystems.

Ecosystem services also contribute to human well-being, especially in highly urbanized
environments. Human interactions with nature may be passive, such as enjoying views of
trees, parks, and gardens, or active as in outdoor recreation. Studies show such benefits as
better mental and emotional health, reduced stress response, higher mental function and
productivity, community cohesion and resilience, and increased safety and security.’

Role of Land Practices in Ecosystem Services

Sustainable sites can be modeled after healthy systems and can thereby increase the
ecosystem services provided by these landscapes. Water on the site can be managed to
imitate natural water cycling, vegetation can be used strategically to cool the area and filter
water, and soils can be restored to support healthy vegetation and filter pollutants. This
chapter addresses the role of soils, vegetation, and hydrology in providing ecosystem services
and the impact of materials management on many of these services. The last section
describes how natural environments can contribute to human well-being. Although these
topics are interrelated in natural processes and healthy systems, the purpose of the sections
below is to highlight the importance of each topic in contributing to ecosystem health and
human well-being. This chapter also describes land practices in use today that can degrade
or halt the provision of ecosystem services.

Chapter Three Preliminary Report on the Standards & Guidelines
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SOILS

Role of Soils in Ecosystem Services

o Support vegetation growth as well as food and raw materials production. Soils provide
a base to support vegetation and are essential for the production of food, timber, medicines, fibers,
and other raw materials.

0 Regulate water supply. Healthy soils allow rainwater to infiltrate, reducing excess runoff,
erosion, sedimentation, and flooding. Soils also cleanse and store rainwater, recharge groundwater,
and moderate the delivery of water to plants. Healthy soils are critical to healthy plants.

o Treat and filter water pollutants. Water and air pollutants are removed or transformed into
less harmful materials in the soil. Soil particles and organic matter can filter out pollutants by
attracting and holding chemicals. In addition, soil provides habitat for microbes that break down
pollutants into more benign substances. Soil bacteria oxidize ammonium ions* first into nitrite and
then nitrate, which can be used by plants as a nutrient.6 Similarly, polycyclic aromatic hydrocarbons
(PAHSs), which are potentially carcinogenic products of incomplete combustion of fossil fuels, are
broken down by soil fungi into nonharmful compounds.”

o Support nutrient cycling. Soil and its microorganisms play a major role in nutrient cycling,
including the carbon and nitrogen cycles. Much of the earth’s nitrogen exists in rock, sediment, and
soils. The nitrogen cycle depends on soil biota to convert nitrogen in the atmosphere into usable
forms in the soil and return nitrogen back to the atmosphere.

0 Sequester carbon. The pool of organic carbon in the soil is approximately twice as large as that
of the atmosphere.8 Soils can contain as much or more carbon than the vegetation they support.
For example, 97 percent of the 335 billion tons$ of carbon stored in grassland ecosystems is held in
the soil. Solil carbon storage can help offset release of carbon dioxide, a major greenhouse gas that
contributes to global climate change.

o Supply genetic resources for medicines. The diverse genetic resources in soil are valuable in
pharmaceutical development, agricultural research, and other new product development. In fact,
the first antibiotic, penicillin, was originally derived from a soil fungus. Soil microorganisms
provided the original source for other antibiotics, such as anticancer drugs, topical skin ointments,
and tuberculosis treatments.10

o Provide biological habitats. The biological habitats and gene reserves in soils are larger in
guantity and quality than all aboveground biomass combined.1t Soils are habitat for such organisms
as plants, worms, insects, arthropods, bacteria, fungi, protozoa, and nematodes. The “soil food
web” is responsible for decomposing organic matter, storing and cycling nutrients, maintaining soil
structure and stability, and converting or attenuating pollutants. Soils also support healthy
vegetation, which supports life above ground.

# Ammonium ions are typically a component of agricultural fertilizers and also produced naturally during the
decomposition of organic matter.

§ 304 billion metric tonnes 9
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Impacts of Current Land Practices on Soils

Soils can take thousands of years to form,*? but land practices often degrade soils so that
they erode or are blown away.”® By the 1970s, almost one-third of the topsoil in the United
States had already been lost to erosion.’> These land practices contribute to soil damage:

Compaction, caused by excessive foot or hoof traffic or use of heavy machinery during
construction, damages soil structure and reduces infiltration rates,* which increases runoff
volume and flooding.”> Compaction also reduces spaces between soil particles for oxygen
and water, making it difficult for vegetation to grow. Compressed soil structure limits root
growth and plant access to water and nutrients.

Disturbing and removing plants can damage soil structure and increase sedimentation and
erosion of topsoil. Sedimentation is a major cause of polluted rivers and streams in the
United States, second only to pathogens.”® Sediment runoff rates from construction sites
can be up to 20 times greater than agricultural sediment loss rates and 1,000 to 2,000 greater
than those of forested lands.’® Inadequate soil volume reduces the ability of soils to support
healthy plant growth.'” Also, disturbed soils can release into the atmosphere significant
amounts of organic carbon previously sequestered in the soil.®

Removing topsoil before or during construction destroys soil horizons, removes native
seed banks and soil biota and hinders reestablishment of healthy soils. It also disturbs the
structure and profile of soil even if the original topsoil is returned to the site after
construction or fill material is imported to serve as topsoil. When soil is harvested and
imported from a second site, the impact is doubled, and the imported soil may also
introduce undesirable soil organisms, weeds, or unwanted vegetation to the site.

Chemical and pollutant contamination of soils can result from the use of pesticides and
materials containing heavy metals. Indirect exposure to these chemicals can harm a variety
of nontarget organisms such as fish, frogs, and birds. Through bioaccumulation, chemicals
in the soil become part of food sources and accumulate in the tissue of organisms that
consume them, resulting in greater concentrations of the toxin at higher levels in the food
chain. Insecticides and herbicides can also kill or disrupt the balance of soil microbes, which
affects decomposition, nutrient release and storage, pollutant attenuation, and resistance to
disease-causing organisms.'®

10
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HYDROLOGY

Role of natural hydrology in ecosystem services

o Regulate water supply. On a well-vegetated site with healthy, open soils, rainwater is absorbed
and transpired by vegetation, or it slowly trickles down and soaks into the soil. Undeveloped
ecosystems absorb much of the precipitation that falls on them,1® and only a small portion of
rainfall is conveyed over the surface as runoff. For example, at the latitude and climate of
Wisconsin, approximately 70 percent of the total annual precipitation evaporates or is transpired
by vegetation, 17 percent enters groundwater, and 13 percent becomes stream flow.20 In contrast,
buildings, roads, and walkways prevent landscapes from absorbing rainfall, resulting in increased
runoff and decreased groundwater replenishment.

o Provide biological habitat. At least 45,000 described species rely on freshwater habitats,
including 12,500 fishes, almost 5,000 mollusks, 5,700 amphibian species, and numerous other
reptiles, insects, plants, and mammals. It is possible that many species in freshwater habitats have
not yet been recorded by scientists, and the undescribed species in freshwater habitats may
number more than one million.2t Marine and estuarine systems are also valuable to wildlife,
providing food, cover, migratory corridors, breeding grounds and nursery areas for coastal and
marine organisms.

o Provide recreational opportunities. Healthy streams and lakes can be used for recreational
activities such as fishing and swimming. In 2001, approximately 13 percent of the adult
population in the United States age 16 or older spent an average of 17 days fishing.22
Approximately 40 percent of surveyed rivers, lakes, and estuaries were not clean enough to meet
basic uses such as fishing and swimming in 1996.23

Impacts of Current Land Practices on Hydrology

Covering, disturbing or removing soils and vegetation can severely diminish or even
eliminate the interception, evapotranspiration, and infiltration capacity of the landscape.
When soils and vegetation are replaced with impervious surfaces, up to 95 percent of rainfall
becomes runoff.* When impervious surfaces cover more than 10 percent of a watershed,
the quality of streams and stormwater is degraded.* Urban areas often contain 40 percent
or more impervious cover. Even lawns and landscape beds, which are generally viewed as
more permeable than pavements and roofs, are commonly compacted during construction
and installation, resulting in reduced infiltration."**” A residential lawn can be up to 40
percent impervious.** Disturbing soils and vegetation can increase dramatically the rate,
volume, duration, and frequency of runoff as well as pollutant loadings of stormwater, which
can affect water quantity and quality.

Conventional drainage and stormwater management systems are often designed to
treat water as a waste product, moving it off-site as quickly as possible. Traditional systems
deliver large volumes of water to streams in short amounts of time, leading to increased
downstream flooding, erosion, stream bank scouring, increased pollutant and sediment
loadings, and fewer opportunities to enjoy the aesthetic and recreational benefits of streams
and lakes.® Also, sedimentation and damaged stream channels negatively impact aquatic

habitat.
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Contaminated stormwater runoff from developed land is the leading cause of water
quality problems® and accounts for 70 percent of water pollution in urban areas.® Runoff
from developed areas can contain oil, grease, excessive nutrients, pathogens (e.g., E. coli,
hepatitis A), persistent bioaccumulative toxic (PBT) chemicals, and heavy metals. For
example, increased surface runoff and nutrient delivery throughout the Mississippi River
watershed have created dissolved oxygen levels that caused fish and shrimp catches to drop
to zero in parts of the Gulf of Mexico.*® Similarly, New York state experienced 1,280 beach
closure or advisory days in 2006, many caused when the combined sewer overflow systems
were overwhelmed by stormwater runoff.*

Inefficient water use, at a time when the demand for water is rising (up 209 percent in the
United States since 1950%), reduces drinking water supplies and stream flow. Most sites are
designed to use potable water only once before discharging it as untreated or partially treated
water. In addition, high-quality municipal drinking water is often used for purposes that may
not require potable water, such as lawn and garden irrigation. Approximately 30 percent of
the water used daily by a family of four in the United States is devoted to outdoor uses such
as watering lawns and gardens, and landscape irrigation uses more than 7 billion gallons™ per
day nationwide.® In drier parts of the nation, landscape irrigation can account for an even
greater proportion of potable water use; in Utah, for instance, 65 percent of potable water is
used to maintain lawns and gardens.** Because compaction decreases infiltration rates of
lawns, the water used to irrigate lawns commonly does not filter into the water table and
ends up as runoff or evaporation.

** 26 billion liters 12
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VEGETATION

Role of vegetation in ecosystem services

0 Provide a livable atmosphere. During photosynthesis, plants take in carbon dioxide,
water, and light to produce carbohydrates (food for growth) and oxygen. Vegetation helps
regulate the oxygen/carbon dioxide balance to maintain a livable atmosphere.

0 Regulate and moderate climate.

A At the macro-climate level, vegetation helps regulate atmospheric gases, including
greenhouse gases, which is critical to maintain a favorable climate and habitable
planet. In the continental United States, carbon sequestration provided by urban
trees is estimated to be about 25 million tonsft per year,3 which is equivalent to
the carbon emitted by almost 18 million cars annually.36

A At the micro-climate level, the cooling effect of shade and evapotranspiration
from trees and other vegetation can reduce urban heat island effects. Vegetation
windbreaks provide shelter from high winds.3” A study of street trees in New
York City found that the climate moderating benefits provided by trees resulted
in annual energy savings of $27.8 million, or $47.63 per tree.2

o Filter pollutants from air and water. Vegetation and soil biota can process, remove,
transform, and store pollutants in air and water. The leaf stomata and bark pores of plants
can absorb gaseous pollutants from the air. In 1991, urban trees in the Chicago area were
estimated to remove from the air 234 tons of particulate matter, 210 tons of ozone, 93 tons
of sulfur dioxide and 17 tons of carbon monoxide.3

o Provide erosion control. Plants slow the speed and intensity of runoff and precipitation,
increase infiltration and hold soil aggregates together. Vegetation stabilizes soil and slopes by
making them resistant to erosion.8

o Provide habitat for wild pollinator species, including insects, birds, and bats, which
pollinate a wide range of plants. Eighty percent of the world’s food plant species, including
those produced by intensive agricultural systems, are dependent on pollination by animals.39:40

o Provide biological habitats. Vegetation provides refuge, breeding, and nursery habitat
for resident and migratory species of fauna.4t  Within urban areas, greenspace, riparian
corridors, and fragments of habitat can connect the city to surrounding wildlife habitat.4

o Provide medicinal resources. Plants have contributed many chemical compounds that
can be used directly or modeled to synthesize drugs and pharmaceuticals.4t Substances
derived from the Pacific yew tree are used to treat breast and ovarian cancers.3 Scientists
believe that the majority of plant-derived pharmaceutical resources remain undiscovered or
unexplored4 —in tropical forests, it is estimated that 375 plant-based pharmaceuticals exist, of
which only 48 have been discovered.4s If natural systems and biodiversity are lost, the
potential for future pharmaceutical discoveries will be lost with them.

o Provide food and raw materials. Cultivated and wild plants furnish nourishment for
living things. Vegetation also provides many renewable resources for building (wood and
strong fibers), for industrial purposes (compounds such as latex, gums, oils, waxes, tannins,
dyes, and hormones) and for energy (fuel wood, organic matter, animal feed, and
biochemicals such as ethanol).4

1t 22.8 million metric tonnes 13
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Impacts of Current Land Practices on Vegetation

Disturbing and removing vegetation denies a site valuable ecosystem services. Research
in New York City in 2007 indicates that a single tree provides $209 in benefits annually.?
Land practices that remove vegetation can damage natural hydrologic systems that intercept
and filter water. In Bismarck, North Dakota, for example, a single tree intercepts an average
3,000 gallons* of rainwater each year.** When the vegetation is gone, the site loses its
natural capacity for stormwater management, groundwater recharge, and water filtration.
These practices also affect soil health, as vegetation maintains soil structure, prevents
erosion, and contributes to soil organic matter. Underutilization of vegetation—which
provides shade and evapotranspiration to cool buildings—can also increase energy costs.

Inadequate space for vegetation limits healthy plant growth. In site design, the needs of
vegetation are often simply an afterthought, and the space dedicated to plants is inadequate
to support them. Street trees planted in confined areas may have no room for their roots
and can be deprived of adequate water.'”*" These plants require more intense maintenance
and can die prematurely. The average life span of sidewalk trees, for instance, is
approximately 10 years.*

47

Invasive species used in site design jeopardize native ecosystems. Approximately 85
percent of the invasive woody plant species in the United States were introduced for
landscape or ornamental use,* and approximately 5,000 plant species have escaped into
natural ecosystems.” Purple loosestrife (Lythrum salicaria), an invasive herbaceous species,
was introduced as an ornamental plant in the United States and has since rapidly and
aggressively spread to 48 states, resulting in control costs of almost $45 million per year
nationwide.” Invasive species compete with native plants and threaten both flora and
fauna.

MATERIALS

Role of materials in ecosystem services

Materials are natural resources that have been extracted, manufactured, and/or processed
for human use. Proper selection and use of materials can contribute to a site’s ability to
provide ecosystem services.

o0 Raw materials extraction. Extracting natural resources is often an energy-intensive
process. Recycling or reusing materials can conserve natural resources and reduce energy
consumption. For example, an estimated 32 million tonsss of construction and demolition
wood waste are generated each year in the United States, 14 million tons™* of which are
potentially available for recovery.5t If this wood were reused, it could become a feedstock for
engineered woaods such as particle boards and plywoods and reduce the virgin timber required.

11,000 liters
8 29 million metric tonnes
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o Waste generation. Selecting more durable materials, reusing existing materials on-site, or
recovering yard trimmings can significantly reduce landfill volumes. Recycling landscape
trimmings for compost and mulch provides additional benefits to soils and vegetation.

o Greenhouse gas emissions and global climate. Careful materials selection can reduce
the energy used in the production and transport of the materials, thereby decreasing greenhouse
gas emissions and the impact on global climate. For example, fly ash (a by-product of coal
combustion) is a substitute for energy-intensive portland cement in the production of concrete.
Each ton of fly ash used to replace portland cement reduces greenhouse gas emissions by
approximately one ton—equivalent to the emissions released by driving about 2,500 miles in an
average car.52 Locally produced materials require less transport, reducing greenhouse gas
emissions.

0 Local climate and the urban heat island effect. Careful selection of materials can also help
keep urban environments cooler, reducing heat-related illness and even death. For example,
highly reflective materials can significantly decrease local air temperatures—up to 7.2° Ff'f in
one study.53

Impacts of Current Landscape Materials Selection and
Management Practices

Improper materials management causes needless waste. For example, almost 136 million
tons™* of building-related construction and demolition waste were generated in 1996, only
20 to 30 percent of which was recycled.* Similarly, yard and landscape trimmings
contribute approximately 32 million tons®* to the municipal waste stream, representing more
than 13 percent of total municipal waste in the United States.” Materials commonly viewed
as waste can often be reused or recycled to reduce the need for additional resources while
simultaneously reducing landfill volumes.

Materials that require energy-intensive processes for production and transport
contribute significantly to the increasing volumes of greenhouse gas emissions. For
example, in 2004 the production of cement resulted in carbon dioxide emissions equivalent
to the emissions of 20 million cars in one year.*® Selecting materials with reduced energy
requirements, such as concrete made with fly ash, or minimal transport requirements, such
as locally produced materials, can reduce these emissions.

Materials with low reflectivity, such as asphalt paving and shingles, store heat and release
it slowly. Low-reflectivity materials can have surface temperatures up to 122° F™ hotter
than air temperature.”” The urban heat island effect, due in large part to the widespread use
of low-reflectivity materials in urban areas, results in average air temperatures 3.6° F''"
higher than rural areas.®® The urban heat island effect can be reduced by selecting materials

with higher reflectivity.

tt 4° C
#1123 million metric tonnes
888 29 million metric tonnes
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Materials that contain toxins can harm humans and other organisms. For example,

polyvinyl chloride (PVC) and treated wood present risks to human health.** Volatile
organic compounds released from paints, insecticides, cleaning products, and landscape
equipment also contribute to ground level ozone, which can cause respiratory illnesses.

Gasoline-powered landscape equipment, including mowers, trimmers, blowers, and

chainsaws, accounts for 16 percent of hydrocarbon emissions and 21 percent of carbon

monoxide emissions from mobile sources nationwide.®

HUMAN WELL-BEING

Role of natural environments in human well-being

Natural environments play an important role in enhancing human health and well-
being.> Well-designed and managed natural elements also contribute to community
economics by increasing real estate values,®*®** attracting customers, and benefiting
business.®*®

o Benefit human health. Physiological functions, such as stress response and healing
time, are linked with nature experiences.6768 Natural sites can also provide space and
facilities for physical activity, which combats obesity, improves cardiovascular health, and
increases longevity.s®

o Enhance human cognitive functioning. Views of nature and plants have been
linked to such benefits as higher mental function, greater worker productivity,” and
better school performance.”t Aesthetic experiences provided by nature can inspire and
calm people.”

o Support social dynamics. Green spaces provide the outdoor settings where people
gather, interact, and build relationships.” Studies of inner-city neighborhoods show that
well-maintained green spaces with trees contribute to healthier, more supportive patterns
of relationships among residents, including greater sharing of resources.’

Impacts of Current Land Practices on Human Well-being

Site design that ignores the human benefits of healthy, green environments denies
people opportunities for physical activity, restorative and aesthetic experiences, and social

interaction. Experiences with nature can be particularly beneficial in urban settings.

However, in site design, nature is often viewed strictly as a way to beautify structures or the
built environment. Sites should be designed to optimize these psychological and social

benefits.

Too often, design considers only the land within the site boundaries, missing
opportunities to connect to open spaces, recreation areas, or viewsheds. This isolates

humans from experiences with nature. Planning, zoning, and design practices should aim at

a better connection between urban and natural environments.

16
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Opportunities for Improved Practices

Current land practices can degrade valuable ecosystem services such as water and air
filtration, stormwater management, habitat for wildlife, and benefits to human health and
well-being. There are many opportunities to maintain or re-establish the essential
relationship between natural processes and human activity with improved practices that
reflect and sustain the contributions of ecosystem services. Chapter Four describes these
practices in all phases of site development.

17
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CHAPTER FOUR

Progressing Toward Site Sustainability

Sustainable sites support the functions of healthy ecosystems and natural processes. A
naturalistic form is not necessarily required to achieve that goal. This chapter describes ways
to analyze the site before design and the goals, strategies and potential tools to consider in
sustainable site design, construction, operations, and maintenance.

Recommended Analyses Prior to Site Design

The first step toward design is creating a program plan and conducting a detailed site
assessment. This process will examine and clarify existing site conditions, outline
opportunities, determine goals, and identify valuable site resources, as well as features that
are degraded ecologically. This assessment is necessary to understand the site’s potential and
maximize sustainability.

The Program Plan

A program plan identifies site users and clarifies the goals and design requirements for the
site. The plan should describe spatial articulation, spatial functions, design intentions, and
desired outcomes for the site. A guidance to program planning may be developed in the
future by Sustainable Sites.

The Site Assessment

An accurate and detailed assessment of existing site conditions is essential to designing a
sustainable site. It is useful to enlist a project team of experts from various fields (based on
project goals and site location) to conduct the assessment. It is important to conduct
rigorous site assessments prior to and during design development to make informed
decisions and guide the design, construction, operations, and maintenance phases. A draft
guide for conducting site assessments is contained in the Appendix.

Goals, Strategies and Potential Tools

This part of the report contains the desired outcomes for a sustainable site and suggests
methods to achieve them. It recommends appropriate goals and strategies for soils,
hydrology, vegetation, materials, and human well-being. It includes possible measures of
success—performance goals that provide a way to assess the sustainability of a site. It also
notes areas where more research may be required or logistics must be resolved. Although
the five topic areas are interrelated in natural processes and healthy systems, this part of the
report individually highlights the importance of improved practices in each topic area that
contribute to ecosystem services and human health.
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http://www.epa.gov/WaterSense/water/why.htm



http://www.esb.enr.state.nc.us/fishkill/2004page.htm
http://www.epa.gov/greenkit/landscap.htm


















http://www.epa.gov/brownfields/index.html
http://www.usgs.go/
http://nationalmap.gov/gio/viewonline.html



http://www.ahs.org/publications/heat_zone_map.htm
http://www.usna.usda.gov/Hardzone/ushzmap.html



http://www.bigsiouxwaterfestival.org/teachers/28/soil.pdf
http://waterdata.usgs.gov/nwis



http://www.usace.army.mil/cw/cecwo/reg/rw-bro.htm
http://www.fema.gov/plan/prevent/fhm/index.shtm
http://www.epa.gov/owow/tmdl/
http://www.epa.gov/waters/305b/index.html
http://cfpub.epa.gov/surf/locate/index.cfm
http://water.usgs.gov/wsc/index.html



http://tncweeds.ucdavis.edu/wims.html
http://tncweeds.ucdavis.edu/handbook.html
http://www.invasivespecies.gov/toolkit/main.shtml
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